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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the nilitary
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.



The National Center
Mission Statement
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The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Program Information Office
The National Center for Research in Vocational

Education
The Ohio State University
1960 Kenny Road, Columbus, Ohio 43210
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Telephone: 614/486-3655 or Toll Free 8001

848-4815 within the continental U.S.
(except Ohio)

Military Curriculum
Materials for

Vocational and
Technical Education

Information and Field
Services Division

The National Center for Research
in Vocational Education



Military
Curriculum Materials
Dissemination Is

an activity to increase the accessibility of
military.developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director
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What Materials
Are Available?

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service .

Health
Heating & Air
Conditioning

Machine Shop
Management &
Supervision

Meteorology &
Navigation

Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

How Can These
Materials Be Obtained?
IMIN1111=1111111M1

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director
100 North First Street
Springfield, IL 82777
217/782-0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377.2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08825
809/292-6562

NORTHWEST
William Daniels
Director
Building 17 .

Airdustrial Park
Olympia, WA 98504
206/7510879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State University

Drawer DX
MississippiState, MS 39782
801/325.2510

WESTERN
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave,
Honolulu, HI 96822
808/948-7834
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Course Daeoription.

This block is the first of tan blocks Providing trelning In electronic principles,use of basic test equipment, safety Matinee, circuit analysis. soldering, digital
techniques, microweva principles, and troubleshooting basic circuits. Block 14)CarCirifi contains 9 modules covering 53 hours of Instruction on safety,
mathematics, voltage, salivate, test equipment, and circuit analysis. Module 1.41rIentstionwas deleted because it contains military specific Information
and tasks. The selected modules and respective hours follow:

Module 2 ... Safety and Phu Aid 12 hours)
Module 3 .- Slavonia Methemeties 16 hours)
Module 4 Direct Current and Voltage (3 hours)
Module 6 Resistance, Ralston. and Schemed. Symbols 15 hours)
Module 6 Multimeter Uses 16 hours)
Module 7 teria Resistive Circuite(5 hours)
Module B .. Patella! Resistive Circuits 16 hours)
Module 9 -, SeriesParellei Resistive Cireulte (13 hours)
Module 10 Troubleshooting DC Resistive Circuits (8 hours)

This block contains both teacher and student materials, Printed instructor materials Include a Plan of instruction detailing the units of Instruction. duration
of the lessons, criterion objectives, end support materials needed. Student materials include two student texts, Electronics Handbook and OCPrincipies,
which are used for all the modules* guidance packages for modules three throughten containing objectives and review exercises: four programmed texts
on electronic mathematics, series resistive circuits.. parallel resistive circuits end serieivarellel resistivecircuits: and two handouts on OC. AC, and RCL
circuits and tat equipment operating instructions. In addition a digest of the first ten modules is provided for students who have a background in those
topics and only need to review the major points of instruction.

This material is designed for self- or Wouppeced instruction. Most of the materials can be adapted for individualized instruction. Some additional
military manuals and commercially produced texts ire recommended as references but these we not Provided. Audiovisuals suggested for use with the
entire course include 143 videotapes. Slavonic Principles I should be used with the remaining 9 blocks to form a complete course In electronic Principles.

a,
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DEPARTMENT OF THE AIR FORCE PLAN OF INSTRUCTION 3AQR30020-1
USAF Sch of Applied Aeroep Sci (ATC) 6 November 1975
Kessler Air Force Ease, Mississippi 39534

FOREWORD

1. PURPOSE: This publication is the plan of instruction (POI) when the
pages shown on page A are bound into a single document. The POI pres-
cribes the qualitative requirements for Course Number 3AQR30020-1, Elec-
tronic Principles (Modular Self-Paced) in terms of criterion objectives
and teaching steps presented by modules of instruction and shows duration,
correlation with the training standard, and support materials and
guidance. When separated into modules of instruction, it becomes Part I
of the lesson plan. This POI was developed under the provisions of
ATCR 50-5, Instructional System Development, and ATCR 52-7, Plans of
Instruction and Lesson Plans.

2. COURSE DESIGN/DESCRIPTION. The instructional design for this course
is Modular Scheduling and Self-Pacing; however, this POI can also be
used for Group Pacing. The course trains both non-prior service airmen'
personnel and selected re.enlistees for subsequent entry into the equipment
oriented phase of basic courses supporting 303XX, 304XX, 307XX, 309XX and
328XX AFSCs. Technical Training includes electronic principles, use of
basic test equipment, safety practices, circuit analysis, soldering, digital
techniques, microwave principles, and troubleshooting of basic circuits.
Students assigned to any one course will receive training only in those
modules needed to complement the training program in the equipment phase.
Related training includes traffic safety, commander's calls/briefings and
end of course appointments.

3. TRAINING EQUIPMENT. The number shown in parentheses after equipment
listed as Training Eauipment under SUPPORT MATERIALS AND GUIDANCE is the
planned number of students assigned to each equipment unit.

4. REFERENCES. This plan of instruction is based on Course Training
Standard KE52-3AQR30020-1, 27 June 1975 and Course Chart 3AQR30020-1,
27 June 1975.

clone
Commander
Tech Tng Gp Prov, 3395th

OPR: Tech Tng Gp Prov, 3395th ,

DISTRIBUTION: Listed on Page A
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MODIFICATIONS

of this publication has (have) been deleted in

adapting this material for inclusion in the "Trial Implementation of a

Model System to Provide Military Curriculum Materials for Use in Vocational

and Technical Education." Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and technical education.

,- , ? t
t' .!

.
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PLAN OF INSTRUCTION/LPSON PLAN PART I

NAME OF INSTRUCTOR I COURSC 7111.11

Electronic Principles ,

BLOCK NUMBER

I

BLOCK TITLE

DC Circuits

I COURSE CONTENT 2 DURATION
prouto

2. Safety and First Aid (Module 2)

a. From a group of statements, select those that describe
safety precautions which should be observed when working on
electrical equipment. CTS: la Mess: W

(1) Accident causes

(a) Human error

(b) Material failure

(2) Electrical hazards

(a) High voltage and current

(b) Fusing equipment

b. From a group of statements, select those which name the
proper first aid measure to be used for the treatment of electrical
shock. CTS: lb Meas: W

(1) Factors determining severity of electrical shock.

(a) Part of body involved.

(b) Amount of current.

(c) Length of contact.

(2) Treatment of severe electrical shock.

(a) Turn circuit power off.

(b) Remove victim

(c) Artificial Respiration

2

(2/0)

SUPERVISOR APPROVAL OF LESSON PLAN (PART II)
SIGNATURE DATE SIGNATURE DATE

PLAN OF INSTIMLCTIQN NO.

3AQR3°°413L " ---- ------ -- ------- - ---
DATE

- 6 November-1975
PAGE D.

ATC FOR " 133APR 75
REPLACES Arc FORMS 337. MAP. 73. ANO 770. AUG 72, WN1CN WILL OEATC Kent,: 8-1029 USED. 15



PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation 31100

COURSE CONTENT

c. From a list of fire extinguisher types, select the one used for electrical
fires. CTS: la Nees: W

(I) Classes of fires

(a) Class "A" fire

(b) Class "B" fire

(c) Class "C" fire

(2) Types of fire extinguishers.

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-2, Safety and First Aid
KEP-112, Safety Precautions and First Aid for Electronic Principles
ATC-FT-52-l1
KEP-ST-1, DC Principles

Audio Visual Aids
TVK-30-101B, Safety

Training Methods
Discussion (2 hrs) and/or Programmed Self Instruction

Instructional Guidance
Issue KEP-GP-2, KEP-ST112 and KEP-ST-l. Portions of.this material have been
covered at Lackland AFB during basic training. Encourage students to discuss
what they have already learned.

.PLAN cor INSTRUCTION NO'
3AQR30020-1 6 November 1975 1 4



PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME 00 INSTRUCTOR I GOURSI TITLE

Electronic Principles
OLOCKNUIRICR Si.oGN TITLE

DC Circuits

COURSE CONTENT

3. Electronic Mathematics (Module 3)

a. Given five multiplication and five division problems, solve
by using powers of ten. CTS: 3b Meas: W; PC

(1) Define

(a) base number.

(b) exponent.

(c) numerical coefficient.

(2) Convert numbers to powers of ten.

(3) Solve problems requiring use of powers of ten for

(a) multiplication.

(b) division,

(c) addition,

(d) subtraction.

b. Given five electronically related equations, solve at least
four correctly for any unknown value. CTS: 3b Meas: W; PC

(1) Define "equation."

(2) Apply axioms in equation problems.

(3) Transpose terms in equations.

(4) Solve simple equitions.

DURATION
Neut.)

6

(6/0)

SUPERVISOR APPROVAL OP LESSON PLAN (PART II)
SIGNATURE DATE SIGNATURE GATE

PLAN OF INSTRUCTION NO.

.3AQR30020-1
OATE

6 November 1975
PAGE NO.

5

ATC 'es"APR 7S
133 ATC Itesikr 14029 REPLACES ATC FORMS 3$7. MAR 73. AND 77G. AUG 72. 110041C14 WILL SE

USCG.



PLAN OP INSTRUCTION/LESSON PLAN PART I (Cntissetles Sheet)

COURMICONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP4P-3, Electronic Mathematics
KEP-ST-1
KEP-107, DC, AC and RCI. Circuits
KEP-H0-110, Electronics Handbook
KEP.PT-3, Electronic Mathematics
Audio Visual Aids
TVK 30.153, Powers of Ten
TVK 30.156, Simple Equations
TVK )0-10, Powers of Ten
Training Methods,
Discussion (6 hrs) and/or Programmed Self Instruction

Instructional Guidance
Issue KEP-GP-3,. KEP -107 and KEP-H0-110. Discuss powers of ten conversions and
computations. Relate powers of ten to standard prefixes and explain how to solve
electronic equations for an unknown value. After completion of GP-3edminister
progress check and record results for each student.

18

PL AN orinsmicHO.
3AQR300zu-1

on NC 1 OATE------------tPAGE-111.-
6 November 1975 6
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME OF INSTRUCTOR I COURSE TITIA
Electronic Principles ,.

MACK NUMBER
I

I ei.oCK Ting
I DC Circuits

COURSE CONTENT 2 DURATION
(Mout')

4. Direct Current and Voltage (Module 4)

a. From a group of statements, select the ones which describe
a conductor and an insulator. CTS: 3a Meas: W

(1) Describe the structure of matter.

(a) Atomic structure

(b) Sub-atomic structure

(2) Define and give examples of elements, compounds, and
mixtures.

(3) Define ionization.

(4) Explain the electrical characteristics of conductors,
semi-conductors and insulators.

b. From a group of statements, select the one that describes
the movement of free electrons within a conductor. CTS: 3a Meas: W

(1) Describe the atomic structure of conductors

(a) Valence electrons

(b) Free electrons

c. From a group of terms and symbols, select those which name
the unit of measurement and symbol of electron flow. CTS: 3a
Meas: W

(1) Relate the symbols for current and amperage.

3

(3/0)

SUPERVISOR APPROVAL OF LESSON PLAN (PART II)
SIGNATURE DATE SIGNATURE DATE

1

PLAN OF INSTRUCTION NO.
3AQR30020-1

DATE
6 November 1975

PAGE NO.
7

ATCF°" 133 Rem-Aces ATC FORMS 337.-MAII 73. ANO-7714 AUG 72.-WHION WILL SE,
APR 75 r ° 1°21 USED.
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PLAN OF INSTRUCTION/LIUON PLAN PART I Men*,

COURSE CONTENT

d. From a group of statements, select the one which describes the pressure
that causes the movement of free electrons within a conductor. CTS: 3a Mess: W

(1) Requirements for current flow

(2) Define electromotive force

e. From a group of terms and symbols, select those which name the unit of
measurement and the symbol for Electromotive Force. CTS: 3a Meass W

(1) Relate the symbols for volt and voltage (EMF).

f. From a group of statements, select five that describe common sources of
electromotive force. CTS: 3a Meas: W

(1) List and give examples of the following sources of EMF.

(a) Mechanical

(b) Chemical

(c) Thermal

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-4, Direct Current and Voltage
KEP-ST-1
KEP-107
KEP-110

Audio Visual Aids
TVK 30-101 C, Electrical Properties of Matter
TVK 30-101 D, Charged Bodies
TVK 30-101 E, Voltage
TVK 30-101 F, Current

Training Methods
Discussion (3hrs) and/or Programmed Self Instruction

Instructional Guidance
Issue KEP-GP-4. Explain how atomic structure determines the conductivity of a
material. Define and give symbols for all terms related to current and voltage.

20
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PLAN Of INSTRUCTION/LISSON PLAN PART I

NAME Of INSTRUCTOR 1 COURSE TITLE

Electronic Principles r

ULOCK Numesm

, I

I BLOCK TITLE

I DC Circuits

1 COURSE CONTENT 2 OURATION
Mew.)

5. Resistance, Resistors, and Schematic Symbols (Module 5)

a. From a group of statements, select the one that describes
the Opposition to the movement of free electrons within conductor.
CTS: 3a Mean: W

(1) Define Resistance.

b. From a group of terms and symbols, select those which name
the unit of measurement and the symbol for resistance. CTS: 34,
Meas: W

(1) Relate the symbols for resistance and ohm.

c. Prom a group of resistor symbols, select the symbol for a
fixed, tapped, and variable resistor. CTS: 3a Meas: W

(1) Resistor symbols

d. Given five resistor pictorials, classify each as carbon,
fixed wire, slide tap, rheostat, or potentiometer. CTS: 3a
Meas: W

(1) Relate types of resistors to physical appearance.

e. From a group of schematic symbols, select the one that
represents a battery; fuse; conductor; lamp; switch. CTS: 3a
Meas: W

(1) Schematic symbols commonly used in electronics.

f. Using a resistor color code chart, determine the assigned
value of five composition resistors. CTS: 3c Meas: PC

(1) End-to-center resistor color coding system.

4

(4/0)

. .

- SUPERVISOR APPROVAL OF LESSON PLAN (PART II)
SIGNATURE DATE _I_ SIGNATURE DATE

PLAN Q33701115 11311 NO. DATE
6 November 1975

PAGE NO.
9
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Continuation Sliftf),

COURSE CONTENT

(2) Use laboratory exercise as practice in reading color codes.

g. Given four schematics showing two, three, or four batteries connected
together, select the schematic connected for maximum output voltage.
CTS: 3b Meas: W

(1) Illustrate connections for batteries in

(a) series.

(b) parallel

(c) series-parallel.

(2) Compare the output voltage of each type connection.

6. Measurement and Critique (Part 1 of 2 Parts)

a. Measurement Test

b. Test Critique

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-GP-5, Resistance, Resistors and Schematic Symbols
KEP -ST -1

KEP-107
KEP-110

Audio Visual Aids
TVK 30-101 G, Resistance
TVK 30-101 H, Circuit Symbols & Components
TVK 30-101 V, Review of Safety and Electronic Mathematics

Training Equipment
DC Resistor Trainer 5531 (1)

Training Methods
Discussion (3.5 hrs) and/or Programmed.Self Instruction
Performance (.5 hrs)

Multiple Instructor Requirements
Equipment (2)

1

Instructor Guidance
Issue KEP-GP-5. During performance of laboratory exercise, monitor students
closely to insure proper use of equipment. No formal progress check is required.
Discuss test procedures and direct student to test room.

PLAN_OF INST.RUCTION_NO

3A0R30020-1 22 6 November 1975 10

11.3
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PLAN OP INSTRUCTION /LESSON PLAN PART I,

NAME Of INSTRUCTOR COURSE TITLE

'Electronic Principles r
01.0CH NUMBER CLOCK TITLE

DC Circui

I COUP CONTENT 2 DURATION
Mows)

7. Multimeter Uses (Module 6)

a. Prom a group of statements concerning the multimeter, select
the one which identifies the purpose of a function switch; range
switch; ohms zero adjust. CTS: 2b Meas: W

(1) Using a mock-up, identify the switches and the ohms

zero adjust.

(2) State the purpose of each switch and the ohms adjust.

b. Given a multimeter, identify the test leads; voltage scales;
current scales; resistance scales; polarities. CTS: 2b Mess: PC

(1) Using a mock-up, identify each scale.

c. Using the multimeter and trainer, measure resistance, AC
voltage and DC voltage with ± 10 percent accuracy. CTS: 2b, la

Meas: PC

4
(4/0)

.

SUPERVISOR APPROVAL OF LESSON PLAN (PART It)
SIGNATURE OATE SIGNATURE OATE

.
PL AN OF INSTRUCTION NO. i

3AQR30020-1
GATE
6 November 1975

PAGE NO.
11
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MEP

PLAN OP INSTRUCTION/LESSON PLAN PART I (Continued.* Slmit.

.COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student instructional Materials
KEP-GP-6, Multimeter Uses
KEP-ST-I
KEP107
KEP-110
KEP-108, Test Equipment Operating Instructions

Audio Visual Aids
TVK 30-101 Y, Volt Meter
TVK 30-101 J, Ammeter
TVK 30-101 K, Ohm Meter

Training Equipment
AC inductor and Capacitor Training 5967 (I)
DC Resistor Trainer 5531 (I)
DC Power Supply 4649 (I)
Multimeter AN/PSM-6 (I)

Training Methods
Discussion (3 hrs) and/or Programmed Self instruction
Performance (I hr)

Multiple Instructor Requirements
Equipment (2)

Instructional Guidance
Issue KEP -GP -6. Supervise performance of laboratory exercises.. Administer
progress check and record results for each student.

24
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PLAN OF INSTRUCTION/LESSON PLAN PART I

'IAMB OF IN$T1UCTO1 COUMSB Tint

Electronic Princiles -'

'OCK NUMOBIR

T

BLOCK TITLE

DC Circuits

I COURSE CONTENT 2 DURATION
moues)

S. Series Resistive Circuit (Module 7)

a. Given four diagrams, select the one which satisfies the
requirements for a DC circuit. CTS: 3a Mess: W

(1) Basic requirements for current flow

b. From a group of statements, select the one that describes
Ohm's Law as related to current, voltage, and resistance.
CTS: 3a Meas: W

(1) Define "Ohm's Law."

(2) Transposed forma of Ohm's Law.

c. Given a series circuit schematic diagram and formulas,
solve for total resistance; total current; total power. CTS: 3b

Meas: W

(1) Ohm's Law as applied to series circuits.

(2) Kirchhoff's Law as applied to series circuits.
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Continuation Shoot)

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
KEP-10P-7, Series Resistive Circuits
KEP-ST-1
KEP-107
KEO-110
KEP6PT-7, Series Resistive Circuits
Audio Visual Aids
TVK-30-101 L, Series Circuits (Analysis)
TVK-30-101 M, Series Circuits (Power)

Training Methods,
Discussion (5 hrs) and/or Programmed Self Instruction

Instructional Guidance
Issue KEPGP-7. Give students ample practice in identifying formulas and solving
problems.
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAME OF INSTRUCTOR
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Electronic Principles /
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BLOCK TITLE

DC Circuits

t COuRS1 CONTONT x DURATION
mein.)

9. Parallel Resistive Circuits (Module 8)

a. From a group of statements, select the ones that describe
Kirchhoff's Law for current and for voltage. CTS: 3a Meas: W

(1) Kirchhoff's Laws for closed loops as applied to
parallel circuits.

b. Given a parallel circuit schematic diagram and formulas,
solve for total resistance; total current; total power.
CTS: 3b Meas: W

(1) Relate formulas for total resistance.

(a) Reciprocal

(b) Product over the sum

(c) Special formula for equal sized resistors.
Kirchhoff's Law for total current in parallel circuits. Total
power in parallel circuits.

c. Given a bridge circuit schematic diagram, make necessary
calculations to determine whether the circuit is balanced or
unbalanced. CTS: 3b Meas: W
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Cook Shoo),.

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
REP-GP-S, Parallel Resistive Circuits
KEP-ST-1
KEP-107
REP-110
KEP-PT-8, Parallel Resistive Circuits
Audio Visua Aida
TVX-30-101 P, Parallel Circuits (Analysis)
TVK-30-101 R, Resistive Bridge Circuits
TVX-30-101 Q, Parallel Circuits (Power)

Training Methods,
Discussion (5 hrs) and/or Programmed Self Instruction

Instructional Guidance
Issue KEP -GP -8. Check for students having trouble with using powers of ten in

problem solving.
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PLAN OF INSTRUCTION/LESSON PLAN PART I

NAM! Or INSTRUCTOR COURSE TITLE

lectro is Princiles .

BLOCK NUMRER

I.

BLOCK TITLE

DC Circuits

1 COURSE CONTENT 2 DURATION
Olown0

10. Series-Parallel Resistive Circuits (Module 9) 13
(9/4)

a. Given a series-parallel circuit schematic diagram and (7)

formulas, solve for total resistance; total current; total power;
individual voltage drops. CTS: 3b Meas: W

(1) Ohm's Law as applied to series-parallel circuits

(2) Kirchhoff's Laws as applied to series-parallel circuits

b. Using a multimeter and a trainer with a loaded voltage (1)
divider, determine the polarity and measure the magnitude of a
voltage with respect to the ground reference point with + 10 percent
accuracy. CTS: 3b, 2b, la Meats: PC

c. Using a multimeter and a trainer with a three-component (1)
series-parallel resistive circuit, measure, within + 10 percent
accuracy, the total resistance, and individual voltage drops.
CTS: 2b, 3b Meas: PC

.
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Cestlassties Sheet).

COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE

Student instructional Materials
KEP-GP-9, SeriesParallel Resistive Circuits
KET-1
KEP-107
KEP-110
KEP-PT-9, Series-Parallel Resistive Circuits
Training Equipment
DC Resistor Trainer 5531 (1)
AN/PSM-6 (1)

Audio Visual Aids
TVK-30-101 0, Voltage Dividers
TVK-30-101 U, Loaded Voltage Dividers
TVK-30-101 S, Series-Parallel Resistive Circuits

Training Methods,
Discussion (7 bre) and/or Programed Self Instruction
Performance (2 hrs)
CTT Assignment (4 hrs)

Multiple Instructor Requirements
Equipment (2)

Instructional Guidance
Issue KEP -GP -9. Supervise perfprmance of laboratory exercises.
Monitor students closely to insure proper safety precautions and correct use
of laboratory equipment. Administer progress check and record results for each
student. Assign objectives to be accomplished outside of classroom during
CTT time.
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PLAN OF INSTRUCTION/LESSON PLAN PART 1

WWI OF INSTRUCTOR
I

count TITLE
Electronic Principles /

LOCK WPM! I 'LOCK TITLE

I I DC Circuits

1 COURSE CONTENT 2 DURATION
(memo

11. Troubleshooting DC Resistive Circuits (Module 10)

a, Using a multimeter, formulas, schematic diagram, and a
trainer having an open or shorted component in a series-parallel
resistive circuit, locate the faulty component. CTS: 3c, 2b, la

Meas: PC

12. Measurement and Critique (Part 2 of 2 Parts)

a. Measurement test

b. Test Critique

13. Related Training (identified in course chart)

,
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Centinuotion 31100)

COURSE CONTINT

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
XEP-GP-10, Troubleshooting DC Resistive Circuits
ICEP-ST-.1

XEM07
KEP-110

Audio Visual Aids
TVX-.30-101 N, Series Circuits (T/S)
TVK-30-101 T, Parallel Circuits (T/S)
TVK-30-101 V (2), Review: E, I, R and Symbols
TVK-30-101 V (3), Review: Volt-ohm Meter
TVK-30-101 V (4), Review: Series and Parallel Circuits
TVK-30-101 V (5), Review: Series and Parallel Circuits

Training Equipment
DC Resistor Trainer 5531 (1)
DC Power Supply 4649 (1)
Multimeter AN/PSM-6 (1)

;raining Methods,
Discussion (4 hrs) and/or Programmed Self Instruction
Performance (2 hrs)
CTT Assignment (2 hrs)

Multiple Instructor Requirements
Equipment (2)

Instructional Guidance
Issue KEP-GP-10. Supervise performance of laboratory exercises.

Administer progress check and record results. Inform students that
Part 2 of the measurement test covers modules 6 through 10. Assign objectives
to be completed outside of classroom during CTT time.

32

PLAN OF iNSTAUCTION NO. I OATS PADS NO.
3AQR30020-1 6 November 19751' 20

z3

el\

el\



ATC ST 3A0R3X020-X
Prepared by Kessler TTC

KEPST/DIGEST I

Technical Training

Electronic Principles (Modular Self- Paced)

Block I

DIGEST

1 April 1975

Jg * *
its P'.4*
it
3i-. 2 4

AIR TRAINING COMMAND

7- s-

.-.i. DesiOned For ATC Como Us*
ATC 1Comeler 4-2460

00 NOT USE ON THE JOB



Basic and Applied Electronics Department
Kessler Air Force Base, Mississippi

Student Text 3AQR3X020-X
ICEP-ST/DIGEST 1III

1 April 1975

DIGESTS

The digest is designed as a refresher for students with electronics experience and/or
education who may not need to study any of the other resources in detail.

After reading a digest, if you feel that you can accomplish the objectives of the module,
take the module self-check in the back of the Guidance Package. If you decide not to take the
self-check, select another resource and begin study.
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DIGESTS

MODULE 2

SAFETY AND FIRST AID

CAUSES OF ACCIDENTS

Accidents are expensive. The result of
accidents is the loss, damage, or destruction
of equipment, as well as injury and death
to personnel. Accidents can be prevented by
eliminating their causeg. Some of the common
causes of accidents are

1. Carelessness

2. Horseplay

3. Lack of experience

4. Failure to follow instructions

5. Failure to observe proper safety
pre cauions

6. Improper use of tools and equipment.

PRECAUTIONS

The possibility of electrical shock is the
greatest hazard associated with electronic
equipment. Some of the precautions to always
observe while working on electronic
equipment are

1. Remove jewelry

2. Keep one hand in your pocket

3. Have a safety observer

4. Avoid contact with energized components

5. Don't experiment.

ELECTRICAL SHOCK TREATMENT

In the event of an accident and the body
comes in contact with an energized component,
the electric shock may be severe enough
to interrupt normal body functions and cause
respiratory system or heart failure. The

1

proper first aid treatment for severe electric
shock is the immediate restoration of the
victim's heartbeat and breathing. The use of
closed chest heart massage is recommended
for the restoration of the heartbeat and mouth
to mouth resuscitation is recommended for
the restoration of breathing.

ELECTRICAL FIRES

Electrical fires are a result of equip-
ment failure or misuse. The use of a water
type extinguisher on an electrical fire is
not feasible because the water would place
the operator in contact with the electrical
components. A dry chemical such as carbon
dioxide must be used to displace the oxygen
near the fire to extinguish the blaze.

MODULE 3

ELECTRONIC MATHEMATICS

POWERS OF TEN

The technique of using powers of 10 can
greatly simplify mathematical calculations.
In the powers of 10 system, a very large
or very small number is expressed as a
quantity between one and 10 and the appro-
priate positive or negative power of 10.
The value and sign of the exponent are
determined by the number of places and the
direction the decimal point is moved.

Examples:

3,000,000 = 3 x a6

51,000 311 5.1 x

0.005 st 5 x 10-3

0.00000047 at 4.7 x 107

Study the information in figure 1.



NUMBER
POWER
OF TEN PREFIX SYMBOL

1 000 000 000 000 1012 tera T

1 000 000 000 10
a gigs 0

1 000 000 106 mega M

1 000 1 103 kilo 1c

100 102 hecto It

10 10
1 deka da

0.1
-1

10 deci d

0.01 10-2 centi c

0.001 10-3 milli in

0.000 001 lo-6 micro X

0.000 000 001 10
-9 nano It

0.000 000 000 001 10-12 pico p

Figure 1

Prefixes and symbols are also used to
express very large or very small numbers.

Examples:

1,000,000 units =1 megawatt

20,000 units = 20 kilountis

0.004 units a 4 minivans

0.0000056 units = 5.6 microunits

Exponents are handled according to the
following rules:

When multiplying numbers, add the
exponents.

When dividing numbers, subtract the
exponent in the denominator from the exponent
in the numerator.

When squaring a number, double the
exponent.

When obtaining a square root, halve the
exponent.

Examples:

1,coopo x 1,000 = 1 x ioe x i x103

: 1 x 109

47,000 x 0.056 = (4.7 x 104) x (5.6 x 10 2)

= 26.32 x 102

a 2.632 x 103

50,000 5 x 104

2'500 2.5 x 103

2 36
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2 x 101

0.0075 7.5 x 1063

Tilfr 1.5 x 10

se 53c 10.2

EQUATIONS

An equation is a mathematical statement
that two quantities are equal. The following
axioms can be applied to any equation with-
out changing the equality:

1. Adding the SAME number to BOTH
sides.

2. Subtracting the SAME number from
BOTH sides.

3. Multiplying BOTH sides by the SAME
number.

4. Dividing BOTH sides by the SAME
number.

5. Terms equal to a third term are equal
to each other.

6. Raising BOTH sides to the SAME power.

7. Taking the SAME root of BOTH sides.

Frequently formulas must be rearranged to
find a quantity in terms of the other quantities
involved.

Examples:

I . ftE

E
RRxIm-

R
x

81 = E

RI E
T 1

ER = 1

Solve fOr R.

Multiply by R.

Simplify.

Divide by I.

Simplify.

3

?cc a Tar

f x Xc a ygre f

f x XC
1

11C lira;

f a
1

rireirc

Solve for f.

Multiply by f.

Divide by X.

Simplify.

MODULE 4

DIRECT CURRENT AND VOLTAGE

CONDUCTORS AND INSULATORS

The electrical conductivity of a material
depends on its atomic structure, which deter-
mines if it is a conductor, a semi-conductor,
or an insulator. A material which allows
electrons to move from atom to atom is
said to have free electrons and is a good
conductor. A material which does not allow
electrons to move from atom to atom is
said to have no free electrons and is a good
insulator.

Examples of good conductors are silver,
copper, gold, and aluminum. Examples of
good insulators are rubber, plastic, and glass.
Silicon and germanium are examples of two
common semi-conductors used in solid state
devices.

CURRENT AND VOLTAGE
I

Negatively (-) charged electrons revolve
around the positively (+) , charged protons
of the atoms within a material. These.
electrons become an electric current when
brought under the influence of an external
force or charge. The movement of these
electrons conforms to the law of charges,
which states that LIKE CHARGES REPEL
and minx CHARGES ATTRACT. When a
material has a deficiency of electrons it
has a positive charge. A surplus of electrons
produces a negative charge.

37
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When the charges are connected together
through a conductor they exert a pressure
on the free electrons of the conductor and
cum) them to move from the negative charge
to the positive charge. This electron move-
ment is known as CURRENT and is measured
in amperes (A). The electrical symbol for
current is the letter I.

In order to maintain current flow in a
conductor, the positive and negative charges,
or difference of potential, must be main-
tained. This pressure is known as electro-
motive force (EMF) and is measured in
VOLTS (V). The electrical symbol for electro-
motive force is the letter E.

SOURCES OF ELECTROMOTIVE FORCE

EMF may be produced by mechanical action
(generator), chemical action (battery), thermo-
electric effect (thermocouple), photoelectric
(television camera), and piezoelectric
(crystal microphone).

MODULE 5

MA.

rf14/A.

Figure 1

FIXED

TAPPED

VARIABLE
OR

ADJUSTABLE

Pri.4-488

CARBON RESISTORS

RESISTANCE, RESISTORS, AND SCHEMATIC
SYMBOLS

RESISTANCE AND RESISTORS

Resistance (R) is the opposition to cur-
rent flow and the tmit of measure is the
ohm (0 ). When 1 volt causes 1 ampere
of current to flow, the opposition is 1 ohm
(1n).

Resistors may be classified into three
general types; fixed, tapped, And variable.
Figure 1 shows the symbol for each.

Carbon resistors are constructed from
graphite and a binder. Wires are attached to
the graphite and insulating materialis molded
around the graphite. See figure 2A. Fixed
wire resistors are merely resistance wire
wound on an insulating material. See figure 2B.

Figure 2A

RESISTOR
TERMINAL

REP4-,485

38
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MOUNTING BRACKET

Figure 2B
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3

C. POTENTIOMETER

D. 'RHEOSTAT

Figure 3

0

A tapped resistor is a wire -wound resistor In current. A potentiometer is used to get
with a tap or taps. See figure 3A. A slide a change in voltage.
tap is shown in figure 313.A variable resistor
could have carbon or resistance wire for
the resistive element. See figure 3C and SOMATIC SYMBOLS
figure 3D. Notice that the potentiometer has
three terminals while the rheostat has only Figure 4 shows many schematic symbols
two. A rheostat is used to get a change you should become familiar with. .

5
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vvv-- (oNo

FIXED' RHEOSTAT

TAPPED POTENTIOMETER

RESISTORS

.VOLTMETER AMMETER

---ii--- -NI--
SINGLE CELL MULTICELL

BATTERIES

OHMMETER

-4-1-1"-
.. o.-- .--....

I
SPST

0
I

SPDT_......L,P
DPDT

SWITCHES

NOT CONNECTED CONNECTED

CROSSED WIRES

DIGEST

I
GROUND

GENERATOR MOTOR

ROTATING MACHINES

LAMP

FEMALE

Figure 4

6

LT

3/

Om%

1 t
GROUND TERMINAL

POLARIZED CONNECTOR
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COLOR CODE CENTER band system. Three bands of color
are used to indicate the value of the toler-
ance. When not used, the'tolerance is 20%.

Most resistors will be color coded. The The fifth band, when used, indicates
code type covered here is the IINDTO- the failure rate. See figure 5,

FIRST NUMBE,.

SECOND NUMBE

MULTIPLIER?

COLOR CODES FOR PART
IDENTIFICATION MARKING

FAILURE RATE

TOLERANCE

mart -500

COLOR PART SIGNIFICANT FIGURES OF
ELECTRICAL VALUE

TOLERANCE FAILURE RATE
PER 1000 UM

1st Number 2nd Number 'Multiplier
Black Capacitor 0 0 1 ±20%

_
L. 5.*

Brown --- 1 1 10 * 1% M I%
Red --- 2 2 100 * 2% P 0.1%
Orange --- 3 3 1000 --- It 0.01%
Yellow --- 4 4 10000 --- S 0.001%
Green Diode 5 5 100000 --- T 0.0001%
Blue ---, 6 6- 1000000 - --
Violet - -- 7 7 10000000 - --
Gray --- 8 8 - --
White - -- 9 9 - --
Gold --- - - 0.1 * 5%
Silver Coil , - - 0.01 ±10%

Figure 5

A1
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II ATTERY CELLS IN SERIES AND PARALLEL

source - of_EMF,_the._desired_output voltage

by how the cells are connected together.

together. When connected in parallel, the

and current carrying ability is determined

Voltages of all cells in series will add

output is the same, but the current available
will be doubled when two cells are in parallel.
Figure 6 shows a series parallel hookup oi
eight 1.5-volt cells to get 6 volts out.

RESISTANCE MEASUREMENT

place the FUNCTION switch to the 011113

When a battery of cells is used as

NOTICE: For the series connection, the
negative terminal of one cells connected
to the positive terminal on the next cell.

parallel connection is Made by

together and the two negative terminals
together for the two series sets. The

The voltage will add up to 6 volts. The

parallel connection will double the

connecting the two positive terminals

available current value.

To use the PSM-6 as an OHMMETER,

MULTIMETER USES

MODULE 6

II. -1:
"r" SYMBOL

O i..uv _

O 0 ,.,.1.,,,_
6V

O C .,,,,.,-
C i.,,,,.,_

RFP4 -499

Figure 6

position. Touch the leads together and adjust
the OHMS ZERO control for a reading of 0
on the ohms scale.

There are five ranges for resistance
measurements, each d esignated by the symbol
a (omega).

The test leads are connected across the
component to be checked and the range is
selected to cause the pointer to indicate
as near as possible to the center or right
aide of the scale. The reading from the
OHMS scale is then multiplied by the num-
ber found at the particular RANGE switch
setting.

THE OHMMETER SHOULD NEVER BE
CONNECTED TO AN OPERATING CIRCUIT.

DC VOLTAGE MEASUREMENT

To use the PSB4-0 to measure DC voltage,
place the FUNCTION switch to DC V 20
K 12/V.

There are seven positions of the RANGE
switch. They are from .5 volts to 1000 volts
and indicate full scale readings on the black
DC volts scale.

The RED test lead must be connected to
the positive (4.) side of the component to be
measured, and the BLACK lead must be
connected to the negative (-) side of the
component. A reading off scale to the left
indicates that you have incorrectly con-
nected the leads.

TO MEASURE AN UNKNOWN VOLTAGE,
ALWAYS START ON THE HIGHEST RANGE.
DAMAGE TO THE METER MAY RESULT IF
EXCESSIVE VOLTAGE IS APPLIED.

DIRECT CURRENT MEASUREMENT

To use the PSM-6 to measure current,
place the FUNCTION switch to the DC MA
position.

Direct current up to 1000 milli-
amps (one amp) may be read on the black
scale.

8 42



Current is measured by placing the meter
in series with the circuit under test. The
current must pass through the meter in the
proper direction, therefore, polarities must
be observed. The BLACK lead must be
connected to the more negative point and the
RED lead must be connected to the more
positive point to be measured.

TO MEASURE AN UNKNOWN CURRENT,
ALWAYS START ON THE HIGHEST RANGE.
DAMAGE TO THE METER MAY RESULT IF
EXCESSIVE CURRENT IS APPLIED.

AC VOLTAGE MEASUREMENT

To use the PSM-6 to measure AC voltage,
place the FUNCTION switch to the AC V
position.

There are seven positions on the RANGE
switch. They are from .5 volts to 1000 volts
and indicate full scale readings on the blue
scale for AC voltage.

To measure AC voltage connect the test
leads directly -across the component to' be
checked. Polarity of the leads is unimportant.

OHM's LAW

In any circuit, current (I), voltage(E), and
resistance (R) conforms to OHM'S LAW which
states that, current in a circuit is directly
proportional to the applied voltage and in-
versely proportional to the resistance.

Or:

Therefore:

And:

E
I el rt

ER =7

E = IR

SERIES CIRCUIT ANALYSIS

In a series circuit, all components are
connected end-toend and there is only one
path for current flow. Study the circuit
shown.

-------------,

TO MEASURE AN UNKNOWN "VOLTAGE,
ALWAYS START ON THE HIGHEST RANGE.
DAMAGE TO THE METER MAY RESULT IF
EXCESSIVE VOLTAGE IS APPLIED.

MODULE 7

SERIES RESISTIVE CIRCUITS

CIRCUIT REQUIREMENTS

In order to have a practical DC circuit,
certain conditions must exist. There mustbe
a power source, a load device, and a con-
ductor. All of these components must be
connected in a manner to provide a com-
plete path for current flow from the nega-
tive terminal of the source to the positive
terminal of the source.

U

RI 25 kg.MAr-I
R2
5 La

R3 10 kil.

In a 'series circuit, total resistance is
found by adding the individual resistances.

Or:

Then:

Rt = R1 4. R2 .1- R3 +

Rt = 25 kg 4. 5 ka 4. 10 kS1

Rt = 40 k.11

To find current, use Ohm's Law.

Or:

Then:

9
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When current flows through a load device,
heat is produced and electrical, power is
consumed or dissipated. The power dissi-
pated (P) is measured in watts(W) and is
calculated from the following formulas:

P I2R

E
2

P

P=IE
Find the power dissipated in figure 1 on

Page 9.

P I2R

P (1 x 104)2 x (40 x 103)

P (1 x 104) x 40 x 103

P40x 10-3 Wor.04 W

MODULE 8

PARALLEL RESISTIVE CIRCUITS

CIRCUIT ANALYSIS

A parallel circuit is a circuit in which
two or more load devices are connected across
one power source. A parallel circuit always
has more than one path for current flow.
Study the circuit shown.

ItIP h1611

Figure 1

The voltage applied to each resistor or
circuit branch is the same.

Or: Ea = BR1. 2112 ER3s
Total current is the sum of all of the

branch currents.

10

Or: IR1
IR2 IR3 4.

The resistance of each branch is dif-
ferent, therefore, each branch current will
be different.

The two formulas are Confirmed by
IfirChhoff's Laws for current and voltage,
which state:

1. The algebraic sum of the instantaneous
currents at any junction is zero. The current
leaving any .junction of conductors must equal
the current that entered that Junction.

2. The algebraic sum of the instantaneous
voltages around any closed loop is zero.
The sum of the voltage drops around any
one loop (current path) must equal the
applied voltage. In the figure, there are three
current paths.

These two laws in conjunction with Ohm's
law are used to solve all resistive networks.

Total resistance of a parallel circuit is
found by using one of the following methods:

1. For three or more resistors of dif-
ferent value.

Rt 1

1 1 1
R1 + R2 + R3 "

2. For two resistors of different value.

Rt .R1 x R2
R1 + R2

3. For two or more resistors of equal
value.

Rt
N

Where N equals the number of resistors.

4. For two or more resistors, using the
assumed voltage methods

a. Assign a convenient value for the
applied voltage.

44

35-

'MN



b. Calculate the current in each
branch, using the assumed voltage.

C. Add the branch currents to obtain
total current,

d. Calculate total resistance, using
the assumed voltage and total current.

For the
It' and Pt.

circuit in time 1, find: Rt,

E E g
a a

It' ill 1r2 "b

it 13 tnA

Es
Nail-

s 23 kil

pt Ea x Itt

!t go 3.9 W

RESISTIVE BRIDGE CIRCUITS

A resistive bridge circuit is a type of
circuit commonly found in electronic testing
and measuring equipment. See figure 2.

Figure 2

The circuit has two branches for current
flow and a microameter which indicates the
magnitude and direction of current. When

the following relationships are satisfied, the
circuit is BALANCED.

RI R3
II R4

When balanced, the potential difference
between points A and )3 is zero and no
current flows through the meter.

To use this circuit to'measure resistance,
R4 is replaced by the unknown value (k).
The bridge is then brought to balance Ey
substituting known values for R2.

MODULE 9

SERIES-PARALLEL RESISTIVE CIRCUITS

A series-parallel resistive circuit has
both series and parallel components. See
the figure below.

11

Resistors. R2_and R3 are in parallel with
each other and in series with Al. In the
circuit shown, find Rt. it. and Pt.

The etenvalcet resistance of R2 and R3
in parallel must be found first. Use a for-
mula ior resistors in parallel.

R2 x R3
Re = R 1'3

Re =3kQ

Find total resistance using the formula for
resistors in series.

t + R1

Rt = 5 kg

Use Ohm's law to find total current.

Ea

It Tt7

It= 10 mA
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To find total power use any of the power
formulas.

Pt Ea x It
Pt . 2 W

.

MODULE 10

TROUBLESHOOTING DC RESISTANCE
CIRCUITS

Troubleshooting is a process of locating
causes for circuit failures. You should be
able to locate open or shorted resistors.
An open resistor will have extremely high
resistance. For our purposes, an open
resistor will be considered to have infinite
resistance. A shorted resistor willhave zero
resistance. An ohmmeter then can be used
to check for shorted resistors. Before In actual practice a combination of the
applying the ohmmeter BE SURE THE POWERalioirei-methods- is-often- tvsed:In-any case a--
IS OFF and the resistor is isolated from the complete understanding of the application of
circuit to prevent parallel paths. Ohm's Law along with the readings obtained

with the test equipment will help you locate
A voltmeter can be used for locating circuit failure.

open or shorted resistors. The voltage across
an open resistor will be excessive (often
the applied voltage) and the voltage across
a shorted resistor will be zero volts. Con-
sider the series-parallel circuit shown in
figure 1. It Rl would open, the applied voltage
would appear across Rl. The voltage across
R2 and R3 would be zero volts. U R2 were
to open, then Rl and R3 would form a simple
series voltage divider. Rl and 113 would

1

1',

.
each drop one half of the applied voltage.
U RI became shorted, the voltage across
RI would be zero volts. The applied voltage
would now appear across the parallel com-
bination of R2 and R3. If R2 became shorted,
the voltage drop across R2 and R3 would be
zero volts. All of the applied voltage would
appear across rti.

An ammeter can be used to locate open
or shorted resistors. An open resistor
normally decreases total current and
a shorted resistor normally increases total
current. Refer to the figure and calculate
total resistance and total current. Total
resistance is 22.5 k 0 and total current is
6.67 mA. If RI should open, total current
would decrease to zero mA. It R2 should
open, total current would decrease to 5 mA.
If RI should short, total current will in-
crease to 20 mA. It R2 should short, total
current will increase to 10 mA.

RI
151co

R2
ISIcra

=150V

R3
1S kfi

REP4-1164

Figure 1

MODULE 11

COMPUTATION AND FREQUE
SPECTRUM

In ou.s lessons, you studie current
which s in one direction nly. Now,
you are ady to take up . ' rrent which
alternately s in two dir na.

ALTERNATING CU NT (AC).

Alternating rent the term applied
to current ch pertodi y reverses its
direction.

The ine wave is the most , mon AC
wave rm. In fact, the sine wave is widely
us that when we think of AC, we 0-

tically think of the sine wave. House Id

12 46



5t
ATC 140 3A0R3X020-X

ATC Kos/An 0.2900

Prepaeed by Kees ler TTC
KEP-HO-107

Technical Training

Electronic Principles (Modular Self-Paced)

Modules 3-20

DC, AC, AND RCL CIRCUITS

January 1976

1;C1111,4

AIR TRAINING COMMAND

7-g
Cosigned For ATC C.ourso Use

00 NOT USE ON Tilt JOB

47



Radar Principles Branch
Remittal Air Force Base, Mideissippi

PURPOSE OF TRAINING PUBLICATIONS

ATC 3AQR3X020-X
KEP110107
January 1976

Training publications are designed for ATC use only. They are updated as necessary for
training purposes, but are NOT to be used on the job as authoritative references in preference
to Technical Orders or other official publications.

This particular HANDOUT (HO) is designed to provide guidance to aid you in gaining the
lcnowledges required by the objectives listed in your Guidance Packages for Blocks I, II, and
IIL This book contains formulas, diagrams, and information on the use of meters. Bring it
to class as a reference while you are in Blocks I, II, and III of this course.

CONTENTS

11..

TITLE

AN/PSM-6, Multimeter

Use of Ohmmeter

Use of Voltmeter

PAGE

1

2

2

Use of Ammeter- S

Sine-Square Wave Generator 4 \
Radio Frequency Signal Generator 6

Transistorized Power Supply 8

Meter Panel 9

USM-398, Oscilloscope 10

Formulas, Block I 11

Formulas, Block II 12

Formulas, Rook III 15

Supersedes Student Handout, KEP 107, 1 September 75. Previous editions may be used.

48



0

II

lo

Ohm's Scale Green
Volts DC Scale -.- Black
Volts AC Scale Blue
Current Scale ----Eaack

METER READINGS

I. Difference in voltage between two consecutive numbers.
2. Number of divisions between two consecutive numbers.
3. Divide step I by step 2 - gives the volts per unit.

Volts Nr. Volts.rimir,N. 4,i
Nr. Divisions\., Division

49
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2

UM OF OHMMETER

1. Tarn power supply off.
2. Isolate individual resistor.
3. Set PSM-6 on proper fUnation and range.
4. Short leads together and ADJUST FOR ZERO OHMS.
5. Connect PSMI-6 in parallel with resistor.
6. Read green scale and multiply by range for answer.
7. Turn all switched olockwiee when finished.
8..._ZERO_0HMMEZER.EVERZ_Tne.RANGE_SWITC3_I3_CHANGED._.

USE OFVOLTIETER

1. Set function to DC volts 20 k ohms/volt.
2. Set range to highest position.

3. Connect the PSIS -6 red lead to most positive point and black lead
to moat negative point of the component to measure its voltage drop.
4. Take reading on black scale, observing proper range and scale.

50
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BLACK

READS TOTAL CURRENT

MA/

1

BENNE WIRE

AMMER
TO INSERT

RitWv

.

BLACK.

READS CURRENT
THROUGH R3
ONLY

USE OFAMETER

1. Set the FUNCTION switch on DC MA.

2. Set RANGE switch to highest range.

3. Determine where in the circuit the ammeter is to be inserted.
Remember: The.circuit must be broken (opened) and the ammeter
placed in series with the circuit.

4. Remove the wire that is at the point where the ammeter is to be
inserted.

5. Replace the wire with the ammeter. The RED lead to the
positive and the BLACK lead to the negative foint. The ammeter is
now connected in aeries with the circuit where current is to be
measured.

6. Read the black scale and multiply by the RANGE switch setting to
obtain the current value.

51
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SINE-SQUARE WAVE GENERATOR

1. FREQUENCY (cps): The frequency of the Signal from this
generator is equal to the setting of this control multiplied

by the setting of the FREQ MULTIPLIER switch.

2. FREQ MULTIPLIER: Miatiply the
number this switch is set to by the
number to which the FREQUENCY
point is set, to determine the
output frequency.

3. RANGE: This switch is the
coarse adjustment for the sine
wave amplitude, and has four
ranges: .01 V, .1 V, 1 V, and
10 V.

r

8. SQUARE WAVE
output terminals.

Oft

rafraft Grow6 r. P Om%

`e p

7. RANGE: This switch is the
coarse adjustment for the square
wave amplitude and has three
'ranges: .1 V, 1 V, and 101/.

O

A. SINE, WAVE
output terminals.

5 AMPLITUDE: This control is a fine
adjustment of the sine wave amplitude
from 0 volts to the maximum voltage
of the RANGE setting.

6. AMPLITUDE, This control is a fine
adjustment of the square wave signal.
from 0 volts to the maid.mum voltage of
the RANGE setting. This switch is also
used to turn the generator ON and arr.

52
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SINICQUARZ WAVE GENERATOR

Operating Procedure.

SINE WAVE OUTPUT

1, Set all controls fully CCW

2. Plug power cord into 110 volt
source and rotate the square
wave AMPLITUDE control CW to
turn the generator ON.

3. Set the FREQ MULTIPLIER switch
to the range required by the
laboratory exercise.

4. Set the FREQUENCY (CPS) control
to a setting which when 'multiplied
by the FREQ MULTIPLIER setting
will equal the desired output
frequency.

5. Connect the SINE WAVE output to
the circuit under test.

6, Set the sine wave amplitude RANGE
switch to the value required by
the laboratory exercise.

7, Adjust the sine wave AMPLITUDE
Control to obtain the exact
amplitude required.

SQUARE WAVE OUTPUT

1. Set all controls fully CCW.

2. Plug power cord into 110 volt
source and rotate the square
wave AMPLITUDE control CW to
turn the generator ON.

3. Set the FREQ MULTIPLIER switch
to the rang, required by the
laboratory exercise.

4. Set the FREQUENCY (CPS) control
to a setting which when "multiplied
by the FREQ MULTIPLIER setting
will equal the desired output
frequency.

5. Connect the SQUARE WAVE output to
the circuit under test.

6. Set the square wave amplitude
RANGE switch to the value
required by the laboratory exercise.

7. Adjust the square wave AMPLITUDE
control to obtain the exact
amplitude required.

5



RADIO PARQUINCT RONAL, OBNIMATOR

This radio frequency signal generator is a laboratory type instrument
intended to provide RP signals for laboratory /menials.

111AOSNOr SCAM 4ed to select the
exact frequency desired. MP oerrier
frequency is read directly from the
scale selected by the RAMS "AWN

HODULATIONI Used to set the degree
or percent of modulation from sera
to 50. The percent of modulation
.is.reqd.on the panel meta,.

PAM NM Displays percent at
modulation or the amplitude of the
PP carrier n microvolts.

PUNCITON. Used to select continuous
wave or modulated output. Modulation.
may be from an interval 600 cycle
.audio generator or from an external
source. Strom generator ON.

SUP ATIINUATORs Used to select
the amplitude of ,the MP output enc.
indicates the correct meter
multiplier. rive selections cover
from I to 103 k microvolt'.

6

AUDIO OUTs Ibternal Modulation
signal may be applied here to
modulate the SF output. A 400
.Me audio signal output may be
taken Ina here when the JUNCTION
switch is in AUD position.

:7110 OUITUTs Output terminal for the
modulated or tessodulated SF signal.
Output impedance is 50 ohms. Ptequency
is variable from WO kits to 30 Ms and
amplitude is vvriable- from 5 microvolt"
to 100 k stiorovolts.

Ms Used to select the signs].
to be displayed on the meter. The
percent of modulation or the
amplitude of the Er carrier may be

;monitored.

FINS ATIMIRMiltits .tFaid to very the
amplitude of the PP between
the steps provided by thoutpute SUP
AMMO&

1?A1 s Used to select the desired
TO frequency range. Fire selections
cover tram 100 kHz to 301i11s.

54



RADIO FREQUENCY SIGNAL GENERATOR

Operating Procedures

I. Set all oontrols 11.111y CCW.

2. s*Pluir isroord into 116 vtAt power soliroe.

3. Rotate the FUNCTD3N switoh to )W.

4. Rotate the RANGE switoh to the desired band of frequenoies.

5. Set the FREQUENCY SCALE indicator to the exact frequenoy desired.

6. Set the METER switch to MD and adjust the }EMULATION control for

the desired percent of modulation as indicated on the PANEL MIER.

7. Set the METER switch to RP CARRIER.

8. Connect the RP OUTPUT to the circuit under test.

9. Set the NM AITENUATOR to the desired amplitude range.

10. Rotate the FINE ATTENUXTOR to the desired exact amplitude as indicated

on the PANEL METER.

11. To obtain an =modulated RP signal, place the FUNCTION switch to CW

and perform steps 7 through 10 above.

12. To externally modulate the RP signal, place the FUNCTION switch to

Er and connect an external signal source to the E3C2 MD terminals.

Perform steps 6 through 10 above.
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TRANSISTORIZED POWER SUPPLY

This power supply is deligned-tO-POWir-tni-Winy trainers used in
Electronic Principles. It will provide 06400 volts DC and up to 150mA.

-VOLTS POSITIVE-

OUTPUT
TERMINALS.,.VA

NECATIVE

1. Turn the VOLTS ADS control fully CCW

2. _Connect _the ..power...supply_to_the_trainer_ as ..direoted_by_the_laboratory___

excerci se. Observe polarity.

NOTE: The power supply may be connected to the trainer using the
terminals on the front or the cable on the rear of the
power supply.

3. Plug the power cord of the power supply into a 110 volt power source.

4. Turn the power supply ON and adjust the VOLTS ADJ until the panel
meter indicates the voltage called for in the laboratory exercise.

8
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METER PANEL

This METER PANEL consists of three selected meter movements. The various'

meters will measure DC current from 10mh to 500mi full scale or AC current from

1 mA to 50 mA full scale. This METER PANEL is used to support the laboratory

exercises.

1. Select the METER PANEL that has the meter ranges required for the

laboratory exercise.

2. Make a visual inspectionof the fuses located inside the case and
directly behind each meter movement.

. Plug the test leads into the jack located directly above the selected

4. Connect the test leads in series with the circuit under test. Observe

proper polarity for the DC meters.

9
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ELECTROSTATICS

F l 442

d2

DIRECT CURRENT

E s IR

SERIES CIRCUITS

I w I s I I s
t 1 2 3 "I

Ea ' ER1 + ER2 + ER3 4.'1"

Rt R1 + 92 + R3 +....

Pt PRI PR2 + P93 +a

PARALLEL CIRCUITS

Ea. El E2 E3 s.

It 0 + 12 + 13

1

F - Force in dynes 411 Charge 1 in eau

d Distance in as Q2 Charge 2 in ems

It 4

Ea 0 It Rt

Rt s Ea

Pt Ea It

Ea ItRt

It. a

_ I- +. .

RI R2 R3

P s IE s I
2
R 0 E2

R

astuAnnmsseassismain

x R2R 4 0 R1

1 t.:

(two resistors) (equal)
(resxstors)

Pt so PRI + PR2 + PR3 +... Pt

BALANCED BUDGE

R1 .22 R3
R2 R4

E
t 4

59
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SINE WAVE CONVERSION FACTORS

Eeff
14707 Epeak el 1'11 2 eV@

24Ve .637 Epeak ~ .9 Eeff

E
peak

1.414 E eff0 1.57 E
AVG

Epeak to peak" 2 E eff
2.828

Eeff

METER MOVEMENTS

Ammeters Voltmeters

I R
Rs m m Rx fs

It In
Rai

Rs " Shunt Resistor Rx Multiplier Resistor

It = Desired full scale current Xis Full scale current of meter

reading movement

Full scale current of Efs is Desired full scale voltage reading

meter movement

Resistance of meter movement

WAVELENGTH AND FREQUENCY

A

I2

= V is Vt

f

Nam Resistance of meter movement

f V = I

t

t so 1

6
Wavelength in meters V = velocity of 300 z 10 meters/sec

t = Time in seconds f = Frequency in hertz
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INDUCTANCE AND INDUCTIVE REACTANCE

L
NIMIC

XL 2TffL 6.28 tL

Series:

Ea Era +EL2 +EL3 +... 4 XtXLt

1/2 It III Ea

Ea
Xitt ELI +XL2 +XL3 + ht rt:

Lt LI +L2 +L3 +...

Parallel s

ELI EL2 151,3

It n 12 4. X3 +...

Lt
1

41-7-1-711-6.ri EY

1

ria 7E2 713+

Ea " ItXtt,

Ea

Ll x L2
M=Cff.

(two inductors)

Xit x X12

(two reactances)

(equal inductors)

XL

(equal reactances)

TRANSFORMERS

Ep NE 'Is
_11:7_ j; .- Z 2 I 2 f%I 2

E N3 I Ici mg;---
Zs E I (N )2

a g --P 11 L. -2.P2 2

13
Ep Primary voltage Es Secondary voltage

Np . Primary turns Ns Secondary turns

Ip Primary current Is Secondary current

Zp Primary impedance Zs Secondary impedance



CAPACITANCE AND CAPACITIVE REACTANCE

C kA
d

Series:

CE

Ea
E
Cl

+ E
C2

+ E
C3

+ Ea I
t
X

Ct

I
t
mIaImIn

Cl C2 C3

Ct I

I + I + I

CI C2 C2 (ilia capacitors)

E
X
Ct

X
CI

+ X
C2

+ X
C3

+
" t

a

It

+

I EaX=
Ct

Ct Cl x C2
CI + C2

1129.
2orr fC fc

Parallel:

Ea °
ELI p

-C2* EC3 '''"*"
I. -X --m

a
0

ut

E
I I + I + I . I
t CI C2 3

+
t r--

ct

Ct Cl + C2 + C3 +

(equal capacitors)

53.

4

X
1

I X X
X
CI x

X
C2

X

Ct I + + I + Ct X
Cl

+ X
C2

Ct

XCI
X X

14

(two reactances) (equal reactances)
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SERIES REACTIVE CIRCUITS

Ea ItZt

FORMULAS BLOCK III

Ea
It

zt a

'41

E 2

true a
X ER W 12 R NE Pa x PF

?apparent IEa I2 Zt t!
2

14

Power factor (PF) NR1
apparent

Pt ER "cos G

a
Kt'

Sine 0 =
opposite adjacent R opposite
hypotenuse Z Cosine 0 hypotenuse 7 Tan 0 adjacent R

SERIES RC CIRCUITS

Ea 1E77*a R

SERIES RL CIRCUITS

Ea

a2 + C

SERIES RCL CIRCUITS

'Ea soN(ER2 + (EL 4c)2 Z q(i2 + (XL Xc)2

SERIES RESONANCE

1 .159f..-....--
r .2-4Tre

so Current Half Power Point
6707 rI'max

Upper half power point f2

Lower half power point fi

Q. fr XL Icr R

Bandwidth (BW) fi - 1'1

BW . BW
Bandpass fl to f2 (fr - 17) to (fr .T1 )

XL or 1C (at resonance)
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PARALLEL REACTIVE CIRCUITS

Ea ItZt

Ptrue

It

IRER a IRF R Z

Papparent = 1tEa It2Z

Power factor (PF) = !I
Pa

Ea

Zt

Pa lc PF

!!! 0 'PtPt

IR Coe Q

PARALLEL RC, RL, AND RCL CIRCUITS

r.c2 It = 4R2 7iT

PARALLEL RESONANCE

1 .159

211
f -
r 47 Jac

.1

t rEace

Voltage half power point .707 Emax

Impedance half power point .707 Zmax

Bandwidth (BW) f2 - fl

BWfr fr x XL
_

Hank Rparallel

Q = (for parallel resistance)

Etank
--Itsynk

TIME CONSTANTS

TCRxC
TC F
t #TC x

fl
Lower half Power point

f2
Upper half power point

Etank ,

--77- kat resonance
Au

XL 'tanka (for series
'line resistance)

TC in seconds, R in ohms, C in farads, and L in heneries

#TC * t
TC

x t
#TC

R
--t-- #TC n-E--

t #TC xRxC

R' CxC C WrirE

16

% of charge EC x 100

#TC x LR x t
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SAFETY PRECAUTIONS AND FIRST AID

SAFETY

Safety is the responsibility of every Indio
vidual in the Air Force. This includes per-
sonal safety and the safety of others. The
supervisor is responsible for instructing
personnel in the safety practices applicable
to the operations which are performed in
your maintenance unit. Likewise, it is your
responsibility as a repairman of electronic
equipment to understand and observe --the
safety standards and regulations established
for your unit.

The installation, maintenance, and opera-
tion of electronic equipment has several
elements of danger. Carelessness an your
part can result in serious injury or death
as a result of electrical shock, falls, barns,
flying objects, etc. The chief causes of
accidents are unsafe conditions and unsafe
acts. It is your responsibility to identify and
eliminate unsafe conditions which cause
accidents. In practically every instance,
unsafe conditions are identifiable and can
be eliminated by exercising foresight and
common sense. Unsafe acts can be reduced
if each repairman is informed concerning
safety matters and maintains a continuous
awareness of hazards and safety procedures.

The blowing list indicates the common
causes of accidents which occur around
maintenance facilities. Note that the human
element of carelessness is present in every
case.

1. Operating equipment without
proper authority.

2. Working without sufficient

3. Not following safety precautions.

4. Not using safety devices.

5. Operating unsafe equipment.

8. Careless housekeeping.

7. working at unsafe speeds.

8. Indulging in horseplay.

FOR ELECTRONIC ENVIRONMENTS

0. Assuming unsafe bodyposition
while working.

10. Operating moving equipment with
out a proper safety guard.

11. Failing to warm individuals of
possible dangers.

12. Fatigue

SAFETY PRECAUTIONS IN
MAINTENANCE PRACTICES

Most of the hazards which will confront
you as a repairman of electronic equipment
wilt be associated with careless maintenance
practices. Precautions or preventive meas-
ures to be observed in relation to such acci-
dents are either listed or discussed in the
blowing text.

Most injuries incurred while working
around the shop will not require immediate
first aid on your part; that is, there will be
time to call some professionally qualified
person to administer first aid. However,
you should familiarize yourself with first

aid methods since a doctor or qualifiedfirst

aid technician may not be available for some
time. AF Pamphlet 35-5-3. First Aid for
A irme a,- is -an_ excellent_ refe re:ice...for_first_
aid familiarization.

There are two types of injuries, result-
ing from an accident, which may require
you to administer first aid immediately to
save a life. In the case of severe electrical
shock, the victim's system may be para-
lyzed; in such cases immediate artificial
respiration is necessary to save the victim's
life. Since you will be working with tools and
equipmentr.it-is-alwaysvossible.thatyou_or
someone else may receive a wound from
which there is excessive ordangerousbleed-
ing. In such a case, your knowledge of how
to control the flow of blood may mean the
difference betwee life and death for yourself
or a fellow worker. Each of these first aid
measures is discussed in detail later in this
chapter: Study and practice the procedures
until they are natural to yod.
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Safety with Electrically
Powered Tools

Hazards associated with the use of oleo-
trically powered tools are electrical shock,
burns, cuts, bruises, falls, strains, sprains,
particles in the eye, and explosions. Safe
practice in the use of electrically powered
tools will reduce or eliminate such accidents.

Listed below are some general safety
precautions to be observed when working
with electrically powered tools:

1. See that all ca.bles of power tools
are located so that they will not constitute a
tripping hazard.

2. See that all electrically powered
tools are properly grounded.

3. See that powered tools have all
dangerous moving parts guarded.

4. Wear goggles when doing work
where particles may strike the eye.

5. Check to see that electrical con-
ductors are completely insulated,

6. Replace defective cords and plugs
immediately.

7. Do not attempt to operate a power
tool until you are trained, or under your
trainer's supervision.

S. After operation, disconnect the
electrical power cord.

9. If you are a supervisor, instruct
all personnel in the correct use of power
tools and inform them of the hazards present
and safety practices to be observed.

Safety With Soldering Irons

The following list of safety precautions
should be observed when working with

i, soldering irons:

1. Always assume a soldering iron
to be hot.

...*..
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2. Never rest an lion anywhere but ....s
on a metal rack provided for that purpose.

3. Never use excessive solder be
One* dripping solder may cause burns.
Should exams solder collect on the iron,
remove with a rag. Do not swing the iron
to remove solder.

4. See that the cord and plug on the
iron that you intend to use are in good
condition.

5. To prevent hints, hold small
soldering jobs with pliers or clamps.

6. When cleaning an iron, place the
cleaning rag on a suitable surface and wipe
the iron across it. Do not hold the rag in
the hand.

Safety With A Blow Torch

Observe the following precautions when
working with a blow torch:

1. Do not use a blow torch in an un-
ventilated location or in the vicinity of
gasoline or other flammable liquids or
substances.

2. Set the blow torch in a secure
place before preparing to light it.

3. Do not light a blow torch with
gasoline spillage over it.

4. Do not light a blow torch when
gasoline is burning in the bowl below the
vaporizing unit.

General Maintenance
Practice Precautions

___71!e Jolloyin cis _alistipg of common
sense safety precautions concerning general
items. Fix them in your mind and observe
them.

1. Do not wear metal identification
bracelets, wrist watches, or rings while
working with electrical equipment.

69
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2. Keep your clothing, hands, and
feet dry if at all possible.

3. Pull the fuses, open the circuit
breakers, or disconnect the circuits from
their source of Meer to protect yourself,
the test euiprnent, and the equipment under
test.

4. Do not use your bare lands to
remove hot tubes from their sockets. You
may burn your bands and drop the tube. Use
asbestos gloves or a tube puller for remov-
ing hot tubes.

5. Do not troubleshoot a circuit with
the primary power applied, unless abso-
lutely necessary.

0. If it becomes necessary to work
on equipment with the power applied, keep
one hand free at all times (behind gat or in
your pocket).

7. Be aware of charged capacitors
when making voltage checks and other air-
cult checks.

8. Be certain that there is no power
applied to a circuit when making a continuity
or resistance check. (The meter will be
damaged.)

9. Use the correcttool(screwdriver,
alignment tool, etc.) for doing the job.

10. Carefully inspect the insulationdn
the test leads to your test equipment. The
slightest break In the insulation may be
dangerous.

11. Turn off the power before con-
necting alligator clips to any circuit.

12. Never use !ode oriammable sol-
vents for cleaning purposes.

13. DO NOT TAKE ANYTHING FOR
GRANTED when working with inexperienced
help. Check every operation before they,
perform it.

High - Voltage Safety Precatstinna

Body resistance to electrical current
varies between 100,000 and 800,000 ohms
for dry din to 1,000 ohms for wet skin. The
internal resistance of the body, hand to foot,
is about 400 to 800 ohms; from ear to ear it
is about 100 ohms. Even though the human
skin has high resistance and therefore acts
as a partial protector against electrical
shock, it may be mortally dangerous to come
in bodily contact with an exposed power lead
or other point of potential or electronic
equipment.

Suppose 115 volts were applied to the
perspiring skin of a worker who is standing
on a good electrical ground. Assuming a
total resistance of 1,500 ohms (skin, body,
and ground contacts), the current through
the worker's body would be about .077
ampere or 77 milliamperes. Though this
amount of current may or may not be fatal,
there will always be pain, sever muscular
contractions, and breathing difficulties. When
we think of electrocution, we are inclined to
think in terms of high voltages, but a point
always to remember is that MORE PEOPLE
ARE KILLED BY 115 VOLTS THAN ANY
OTHER VALUE.

The following list indicates the safety
precautions to be practiced when working
with equipment where high voltages are
present. Failure to observe these precau-
tions could result in death.

1. Never trust a switch.

.

1.1

2. Do not rely on safety devices.
3. Inform the remote station as to

the circuit on which you will be working.
4. Place a DANGERsign"DANGER -

DO NOT USE OR OPERATE" or a similar
warning note at the switch or circuit breaker
of the circuit on which you will be working.

5; Turn the-power switch to the OFF------- --
position.

G. Remove all fuses from circuits
where switches might be closed accidentally
or unintentionally.

1.3
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7. Always be aware of the nearness
of high-voltage lines or circuits to prevent
accidental touching.

8. Do not Walt with high-voltage
equipment by yourself; have another person
(safety observer), qualified in first aid for
electrical shock, present at all times.

9. Do not rely upon the insulation
as complete protection against electrical
shock.

10. Keep your feet clear of objects
on the floor.

11. Stand on a good rubber mat. (Not
all so-called "rubber mats" are good in-
sulators).

12. Use rubber gloves when appli-
cable. Make certain rubber gloves are in
good condition and tested for holes and
insulation breakdown.

13. Use a shorting stick to discharge
all high-voltage capacitors.

14. Do not change electron tubes or
make adjustments inside equipment when the
high-voltage supply is on.

15. Make certain that the high-voltage
plate circuits are turned off beforeperform-
ing preventive maintenance onthe equipment.

16. Make certain that the equipment
is properly grounded. Ground all test equip-
ment to the equipment under test.

Rescue of Shock Victims

The victim of electrical shock is de-
pendent upon you to give prompt first aid.
Unless you want to become a victim your-_
s elf,' observe these' precautions.-

1. Shut off high voltage at once.

2. U the high voltage cannotbe turned
off without delay, free the victim from the
live conductor. REMEMBER:

a. Protect yourself with dry in-
sulating material.

b. Use a dry board, your belt,
dry clothing or other non-conductor material
to free the victim. When possible PUSH-
DO NOT PULL the victim free of the high-
voltage source.

c. Use an ax if necessary to cut
the high-voltage wire.

d. DO NOT touch the victim with
your bare hands until the high-voltage cir-
cuit is broken.

FIRST AID

At the present time you are limited as
to the amount of first aid that you are
allowed to give to injured personnel. Your
responsibility, however, is the effective
accomplishment of the following three steps:

1. Call for a medical officer and
Pulmotor, if possible, but DO NOT DELAY
ADMINISTERING FIRST AID WHILE WAIT-
ING FOR EITHER.

2. Stop all serious bleeding quickly.

3. U breathing has stopped, apply
artificial respiration immediately.

Control of Bleeding

Uncontrolled bleeding may cause or in-
crease shock and finally result in death.
Stop any severe bleeding immediately. To
stop bleeding, first apply pressure to the
wound with a dressing, or, if necessary,
with some substitute material such as a
clean shirt or handkerchief. Be sure to use
clean materials. Place the dressing or cloth
against-the-wound and apply firm pressure.--
See figure 1-1. Continue the pressure as
long as needed. Use an additional dressing
to cover the wound, if necessary. Wrap the
tails of the dressing around the wounded
part and tie the ends to hold the dressing
firmly against the wound.

1-4 71
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Figure 1-1. Control of Bleeding

If the wound is on an arm or leg and if
the bleeding continues, place the patient in a
prone position with the wounded arm or leg
raised. In this position the blood does not
flow into the wounded limb so fast, thus
bleeding from the wound is slowed. The
bleeding is slowed, not stopped, by raising
the arm or leg, so you still have to use the
dressing and pressure.

DO NOT raise the limb U you think the
bone is broken. Moving a broken arm or leg
is dangerous, since it may result in further
injury to the patient and may increase shock.

A TOURNIQUET SHOULD' BE USED
ONLY FOR SEVERE, LIFE-THREATENING
HEMMORRHAGE THAT CANNOT BE CON-
TROLLED BY OTHER MEANS. Its appli-
cation may cause tissue injury; it may com-
pletely shut off the entire blood supply to
the part below, and the pressure device
itself often cuts into or injures the skin. It
is only rarely required. Tourniquets should
be used only when severe bleeding involves
an extremity in which the large arteries are
seve red, or in cases of partial or complete
severance of a body part.. These are the only
instances where application of a tourniquet
may be justified. If it is necessary to use a
tourniquet, follow the procedure illustrated
in figure 1-2.

A tourniquet should be tightened only
enough to stop arterial bleeding (gushing of
blood from-the -wound).-Veins usually- con--
tinue to bleed until the limb is drained of
blood already present in it; thus, in such an
instance, bleeding is not reduced by farther
tightening of the tourniquet.
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Figure 1-2, Application of a Tourniquet

Always place the tourniquet between the
wound and the heart, in most cases as low
as possible just above the wound. However,
in the cafe of bleeding below the knee or
elbow, .a tourniquet should be placed just
above these joints. When possible, project
the skin by putting a tourniquet over the
smooth sleeve or trouser leg.

THE PATIENT SHOULD BE SEEN
BY A MEDICAL OFFICER AS SOON AS
POSSIBLE once the tourniquet is applied.
The tourniquet should not be loosened by
anyone except a medical officer prepared
both to stop the bleeding by other means
and to replace the blood volume by trans-
fusion. Repeated loosening of the tourniquet
by inexperienced personnel is extremely
dangerous because the life of the patient is
endangered through farther loss of blood.

If conditions permit you to stay with the
wounded person, inspect the tourniquet fre-
quently to see U it has slipped or U there is
any sign of further bleeding. If necessary,
replace the tourniquet to its proper position.
If further bleeding occurs, further tightening
of the tourniquet may be necessary.

In extremely cold weather, arms or legs
to which tourniquets have been applied are
subject to cold injury; therefore, such ex-
tremities- should be protected front tiie

Often you can reduce or stop bleeding by
applying hand or finger pressure at various
points on a patient's body. The locations of



these points are shown in figure 1.3. If help
is available, have .the person use an spire.'
priate pressure , point while you apply a
tourniquet. The pressure points in the groin
and neck are particularly important. If the
wound is too high on the leg for a tourniquet
to be applied, the pressure points in the
groin can be used. A neck pressure point
should be used when the casualty has a
profusely bleeding scalp wound; however,
use the neck pressure point only as a last
resort--when other methods of stopping
bleeding have failed. Figure 1-3 shows a
means of applying pressure with the hand.
This method may also be used on the head
and neck pressure points, using the index
and middle fingers. The heel of the hand is
used to apply pressure to the groin.

CAUTION. Do not apply pressure
to both neck points at the same
time. To do so would cut off the
blood supply to the brain, causing
unconsciousness and then death.

Artificial Respiration

Immediate action must be taken in cases
of drowning and electric shock. Seconds
count. They can mean the difference between

..

death and recovery. You should thoroughly
acquaint yourself with the first-aid-meas
urea for such emergencies. Artificial res.
piration is the fundamental first-aid-meas-
ure for either of these emergencies; there-
fore, the procedures for giving artificial
respiration are covered in this chapter.

Artificial respiration is not restricted to
the treatment of victims of drowning and
electric shock. ARTIFICIAL RESPIRATION
IS USED TO START BREATHING IN PER-
SONS WHOSE BREATHING HAS STOPPED.
This may also occur in carbon monoxide or
other gas poisoning, in persons who have
been in large fires, exposed tosevereblasts,
and in other cases of unconsciousness. When
breathing is inadequate the victim will
always be pale or more blue thanusual except
in carbon monoxide poisoning in which case
the symptoms may be giddiness, weakness,
headache, vomiting, and unconsciousness.

The most important thing to rememberin
giving artificial respiration is to BEGIN
IMMEDIATELY. Don't waste time moving
the victim to the ideal location; don't wait
for a mechanical resuscitator, which is to
be used ONLY by a QUALIFIED PERSON.
Start at once.

Mg.
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Figure 1-3. Pressure Points and Application
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An important consideration in ay method
of artificial respiration is that the AIR
PASSAGEWAY BE OPEN. U there is an
obstruction, air canna enter the lungs
regardless of the method used. The air
passageway of the unconscious victim is
usually blocked to some degree. There are
three Main causes for obstruction. The
first is liquid, false teeth, or other foreign
matter in the mouth or throat. The second
is relaxation of the jaw. The tongue is
attached to the jaw so that it falls backward
and blocks the throat (called "swallowing
the tongue"). The third is the position of
the neck. When the neck is bent forward so
that the chin is down close to the chest,
there is a tendency for the throat to become
"kinked" and block the passage of air. The
air passageway can be kept open by placing
the head in the position of an individual look-
ing upwards.

You may have learned the old prone
pressure method of administering artificial
respiration, or the more recent back-
pressure-arm-lift (B-P-A.L) method, or
the back-pressure-hip-lift (B-P-B-L)
rrdtthod. In the use of these methods, the
v.ttim must be lying on his stomach. There

is also a new method where the victim is
placed on his back. This method is known
as the mouth-to-mouth or exhaled -air
method.

MOUTH-TO-MOUTH METHOD (EX-
BALED-AIR METHOD). It has been proven
that the mouth-to-mouth method of artificial
respiration is the most effective method.
It is simpler to use and saves more lives.
Do not waste time trying old methods, or
worrying about getting infected. The pos-
sibility of infection is remote. YOU HAVE
A LIFE TO SAVE.

In this method, you breathe air into the
victim's lungs with your own mouth. Since
you consume only part of the oxygen out of
the air which you inhale, the air you breathe
into the victim's lungs enough
oicygen to revive him.

You'll find that you need to breathe
slightly deeper and faster than usual in
order to get enough air for yourself, but
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don't worry about thif point. Under certain
conditions, which will'be explained later, the
mouth-to-mouth method of artificial respira-
tion cannot be used. The step -by -step pro-
cedure for administering moutitomouth
artificial respiration follows:

STEP I. TURN THE VICTIM ON HIS
BACK.

STEP 2. CLEAN THE MOUTH, NOSE,
AND THROAT. U the mouth,
nose and throat appear clean,
start exhaled-air artificial
respiration immediately. U
foreign matter such as vomit
or mucus is visible in the
mouth, nose, and throat, wipe
it away quickly with a cloth or
by passing the index and middle
fingers through the throat M a
sweeping motion. (See figure
I-4.)

STEP 3.- PLACE THE VICTIM'S HEAD
IN -THE "SWORD-SWALLOW-
ING POSITION." The headmust
be placed as far back as pos-
sible so that the front of the
neck is stretched.

STEP 4: HOLD THE LOWER JAW UP
(See figure 1-5). Approach the
victim's head preferably from
his left side. Insert the thumb
of your left hand between the
victim's teeth at the midiine.
Pull the lower Ay forcefully
outward so that the lower teeth
are further forward than the
upper teeth. Bold the jaw in
this position as tong as the
victim is unconscious. A piece
of cloth may be wrappedaround
the thumb to prevent injury by
the victim's teeth.

In the case of young children (under age
3) or in a -victim who has tight-jaws grasp --
the angles of the lower jaw below the ear
lobes, with both of your hands, one on each
side of the victim's bead (see figure I-7).
Lift the lower jaw forcefully outward so that



the lower teeth are further forward than the
upper teeth. To open the lips, pull the lower
lip down with the thumbs while forcefully
holding the lower jaw forward. Hold the jaw
in this position as long as the victim is
unconscious.

STEP 5. CLOSE THE VICTIM'S NOSE.
Close the victim's nose by
compressing it between the
thumb and forefinger of the
right band as 'shown in figure
1-6. In the case of YOUNG
CHILDREN (UNDER AGE 3)
or in a victim who has tight
jaws, block the victim's nose
to prevent air leakage by pres-
sing your right cheek against
the nasal openings as shown in
figure 1-8. (The hands will be
occupied elsewhere).

STEP 6. BLOW AIR INTO THE VIC-
TIM'S LUNGS. Take a deep
breath and cover the victim's
open mouth with your open
mouth making contact airtight.
In the case of a baby, the
rescuer's mouth can cover both
the mouth and nose with an
airtight contact. Blow rapidly
until the chest rises. If the
chest does not rise when you
blow in, improve the position
of the victim's air passageway,
and blow more forcefully.
Blow FORCEFULLY into
ADULTS and GENTLY into
CHILDREN.

STEP 7. LET AIR OUT OF VICTIM'S
LUNGS. After chest rises,
quickly separate lip contact with
the victim, and allow the victim
to exhale by himself.

Repeat
Steps 6 and 7 at irate of lit° 20

times per minute. Continue rhythmically
without interruption until the victim starts
breathing or is pronounced dead. A smooth
rhythm is desirable, but split-second timing
is not essential.

1-8

Several devices consisting of a shorttube
with a mask at one end to cover the victim's
face have been developed to increase effi-
ciency and provide sanitation. One, the
"vend- breather," (shown in figure I-0)
has a valve to control inhalation and exhala-
tion through slots in the tube. The rescuer
breathes in one end of the tube. A mask at
the other end covers the victim's nose and
mouth, permitting air to be blown through
the nose in case the Ups are clamped shut.
There is no need to hold the nose closed.
Vend-breather does away with step 5 above
and changes steps 6 and 7 since Up contact
is not required. AU other steps are as des-
cribed above. Clean victim's mouth and
throat with fingers. Hold the jaw and mask
as shown in figure 1-10. On some cases the
thumb and index finger can be used to hold
the mask to the face thus freeing the other
band.) Be sure the mask is airtight to the
face; that the head is in the sword-swallowing
position; that the jaw is pulled forward; and
watch to see that the victim's chest rises
and falls. If it doesn't, try using two hands
to bold the victim's jaw up, one on each side.

GENERAL PRECAUTIONS. After exhale l-
air artificial respiration has beenperformed
for a period of time, the VICTIM'S ABDO-
MEN MAY BULGE. This is due to air which
is blown into the victim's stomach. Air in-
flation of the stomach rarely occurs when
the correct technique is applied. It does
occur U the air passageway is blocked by
improper support of the bead and lower jaw
or U the blowing is ton forceful.

Air inflation of the stomach is not dan-
gerous, but inflation of the lungs is easier
when the stomach is empty. If the rescuer
sees the abdomen bulging, he should inter-
rupt blowing for a few seconds and press
with his hand on the upper abdomen causing
the air to be "burped". Since this maneuver
may cause the victim to "vomit" also, the
rescuer must be react/ to roil the victim's
head to the side and clean the throat at once.

The drowning victim may or may not have
water in the lungs. Water cannot be removed
from the lungs satisfactorily by any means.
Exhaled-air artificial respiration is effec-
tive, even with water in the lungs.
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Figure 1.4

Figure 1-7

Figure 1.5 Figure 1.6

Figure 1.8

Figure 1-10

The drowning victim usually swallows
largo amounts of water. When the rescuer
performs the and few breaths of cdraled-
air artificial respiration, the water may be
pushed into the victim's throat due to pres-
sure transmitted through the diaphragm by
the extending lungs. The rescuer must be
alert to this possibility and roll the victim's
head to the side immediately so that the
water and other materials drain out. Ex-
haled-air artificial respiration should be
resumed as quickly as possible.

If the VICTIM .41:0 Pi ARS TO BE
BREATHING TO SOME DEGREE, keep his
air passageway open until he awakens by

1.9

Figure 1r9

maintaining the support of his lower jaw.
If his tongue or fingernails are blue rather
than pink, he is not breathing adequately
and requires assistance. The rescuer must
perform exhaled-air artificial respiration
by breathing air into the victim's lungs each
time that the victim himself breathes in.
Adjust your timing to assist him. Do not
fight his attempt to breathe. Synchronize
your efforts with his.

The victim may appear to be breathing
because . of movement of his chest and abdo- ... - - - -----
men. Actually no air may be moving into
his lungs due to complete obstruction of the
air passageway from improper positioning

.



of the head and jaw. For this reason, it is
most important to determine whether or not
there is any movement of air in and out of
the mouth and nose by listening closely.

The victim may be BREATHING NOISILY
(SNORING) indicating partial obstruction of
the air passageway. This may be relieved
by holding the victim's head in a sword.
swallowing position and the jaw thrust
forward.

As soon as the patient starts breathing,
Or additional help becomes available, see
that the patient's clothing is loosened (or if
wet, removed) and that he is treated for
traumatic shock by lowering head and
shoulders, elevating his legs and keeping
him warm (see section on Traumatic Shock).
Do not, however, interrupt artificial respira-
tion to do this before he starts breathing.

It is extremely important that the rescuer
remain at the victim's head during transpor.
tation at all times in order to keep the
victim's air passageway open by the methods
described previously and to start an exhaled-
air technique of breathing if the victim
ceases to breathe.

Exhaled -air artifical respiration will
also work for a person who stops breathing
because he has gotten too little oxygen at
high altitude. However, it only works if
there is enough oxygen in the air you breathe
out. There will not be enough oxygen, if you
are above 10,000 feet cabin altitude and not
getting oxygen through a mask. In this case,
it is best to apply a resuscitator. If a re-
resuscitator is not available, quickly apply
to the victim a mask which is attached to
an operative oxygen regulator. Switch the
regulator on and to 100 percent oxygen
and give back-pressure-arm-lift (B-P-A-L)
artificial respiration as explained in the
following section.

Under any conditions which require you
to wear a mask, you cannot give exhaled-
air artificial respiration. This will be true
during gas attack and under certain condi-
tions of biological and radiological warfare.
The ol de r bacicv re ssu re-arm-lift (B-P- A- L )
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or back - pressure -hip -lift (B:P-H-L)method
must usually then be used while the victim
wears a gas mask. Be sure to watch the
mask for vomit and clear mask if needed.
If the expiratory valve of your gas mask
can be attached to the tube on an artificial
respiration mask such as the ventibreathe r
it would then be possible to give exhaled-air
artifical respiration.

The B-A-L METHOD OF ARTIFI-
CIAL RESPIRATION. When exhaledalr
artificial respiration cannot be given, the
back- pressure- arm -lilt method is prefer-
red over the back- pressure- hip -lift method.
Use the B-P-A-L method unless the victim
has an injury, such as a broken arm, which
makes it necessary to use an alternative
method. The step-by-step procedures for
administering the B-P-A-L artificial res-
piration are as follows:

1. Position of the subject: Place
the victim in the face down, prone position.
Bend his elbows and place the hands one
upon the other. Turn his face to one side,
placing the cheek upon his hands. Refer to
figure 1-11.

2. Position of the operator: Kneel
on either the right or left knee at the head
of the victim, facing him. Place the knee at
the side of the subject's head close to the
forearm. Place the opposite foot near the
elbow. If it is more comfortable, kneel on
both knees, one on either side of the vic-
tim's head. Place your hands upon the flat
of the victim's back in such a way that the
heels of the hands lie just below a line run-
ning below the armpits, with the tips of the
thumbs just touching;' spread the fingers
downward and outward. Refer to figure 1-12.

3. Compression phase: Rock for-
ward until the arms are approximately verti-
cal and allow the weight of the upper part
of your body to exert sloW,--ateady, even _

pressure downward upon the hands. This
forces air out of the lungs. Your elbows
should be kept straight and the pressure
exerted almost directly downward on the
back. Refer to figure 1-13.

4r,
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4. Position for expansion phase: Re.
lease the pressure, avoiding a final thrust,
and commence to rock slowly backward.
Place your hands upon the victim's arms
just below his elbows. Refer to figure 1.14.

5. Expansion phase: Draw his arms
upward and toward you. Apply just enough
lift to feel resistance and tension. Do not
bend your elbows. As you rock backward the
victim's arms will be drawn toward you.

Figure 1-11. Position of Subject

Figure 1-13. Compression Phase

Lower the arms to the ground. This com-
pletes the full cycle. The arm lift expands
the chest, arches the bq.ck, and relieves the
weight on the chest. Refer to figure 145.

THE CYCLE SHOULD BE REPEATED
12 TIMES PER MINUTE AT A STEADY
UNIFORM RATE. THE COMPRESSION AND
EXPANSION PHASES SHOULD OCCUPY
ABOUT EQUAL TIME: THE RELEASE
PERIODS BEING OF MINIMUM DURATION.

Figure 1-12. Position of Operator

Figure 1-14. Position for Expansion Phase

Figure 1-15. Expansion Phase



Figure 1018. Compression
(E-P-H-L)

Figure 1-18. Lift Position (B-P-11-L)

The 13-P-H-L METHOD OF ARTIFI-
CIAL RESPIRATION. Where arm injuries
render the back-pressure-arm-lift method
impractical, the back -pressure-hip -lift
method is prescribed. It is effective, though
more tiring to the operator.

I. Place one knee onthe goundbeside
the victim's hip. Straddle him and place the
other foot on the ground near the other hip,
facing the direction" of the victim's head.
Refer to figure 1-18.

2. Place your hands on the victim's
back just below the shoulder blades with the

,r

Figure 1-17. Compression
(B-PH-L)

Figure 1-19. Expansion (B- P-E -L)

thumbs about 2 inches apart along the spine.
Lean forward with your elbows straight and
let the weight of the upper part of your body
put a steady, gentle pressure on the victim's
back. Refer, to figure 1-17. Release the
pressure quickly but without any extra push
at the release.

3. Place your hands under the vic-
tim's hip bones where theytouch the ground:-

NOT UNDER THE WAIST--and lift the hips

vertically about 4 to 8 inches. Refer to
figure 1-18 and figure 1-19.

1-12_
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4. Gently replace the hips to the
ground. DO NOT DROP. Repeat the cycle
10 to 12 times a minute. It is possible to
change knees but do not break the regular
rhythm of the cycle.

TRAUMATIC SHOCK

When the human body undergoes great
strain due to severe injury, loss of blood,
pain, and/or psychic factors, it usually
results in a state of condition called trau-
matic shock or commonly called "shock".
This type of shock is a profound and criti-
cal condition. Once it has developed, there
is little to be accomplished in the absence
of qualified medical personnel. Prevention
of traumatic shock is therefore very im-
portant. Treatment to prevent shock should
be started as soon as possible when a vic-
tim is found injured, in severe pain, or
unconscious due to injury, pain, or psychic
factors.

Symptoms

Symptoms of traumatic shock are listed
below:

I. The eyes of the victim have a
vacant stare and the pupils are dilated.

2. Breathing is shallow and
irregular.

3. The skin is pale, cold and moist.

4. The pulse is weak or absent.

Treatment

To prevent or treat shock, follow the in-
structions listed below:

1-13

1. Control bleeding and pain.

2. Place victim horizontally, with the
head lowered and feet elevated.

3. Do not move the victim more than
absolutely necessary.

4. Loosen clothing, belt, tie, top
buttons, etc.

6. Keep the patient warm. Wrap in a
blanket, coat or similar covering. Protect
the body underneath as well as on top.

6. Seek qualified medical aid, but do
not leave the patient alone.

7. Stimulants, plain water, either
hot or cold, coffee, milk, or tea may be
given ONLY AFTER THE PATIENT HAS
REGAINED CONSCIOUSNESS and ff there
will be a delay in obtaining medical care.
NEVER GIVE A STIMULANT TO A PA-
TIENT WHO IS UNCONSCIOUS OR PARTLY
CONSCIOUS, IF HE IS NAUSEATED, HAS
INTERNAL INJURIES, OR PROBABLY
FACES AN EARLY OPERATION. If stimu-
lants are given, give only a few sips at first,
then in small doses and at such intervals
that he does not vomit. Stimulants will not
usually be given by the person performing
first aid.

CAUTION. When a victim is NOT
breathing, the act of administering
artificial respiration is more 1112
portant than prevention of traumatic
shock. Treatment iorpreventing shock
can be given by someone else as
artiftcal respiration is started or as
it is given. It is very important to
start artificial respiration imme-
diately when breaththg stops.
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CARDIAC ARREST
CLOSED HEART MASSAGE

I. This precedure requires the services
of two persons.

IN THE EVENT OF CARDIAC AR-
REST (Absence of pulse), CALL A PHYS.

CIAN IMMEDIATELY, PLACE THE PA-

TIENT ON A HARD, FLAT SURFACE
AND APPLY ARTIFICAL RESPIRATION

AND THE PROCEDURE SHOWN BELO%

FOR CLOSED HEART MASSAGE.

Procedure for Person 41:

1. Place the heel of one hand on the
lower chest (see illustration) with the second
hand on the first.

2. Rhythmically compress the heart by
exerting your approximate body weight on
the lower chest.

3. Maintain pressure for 1/2 second.

4. Release pressure.

5. Repeat at a rate of 60-80 per minute,

6. Chest should not move more than
3.5 centimeters when pressure is applied.

7. DO NOT exert pressure on the rib
cage.

.tt
le 'Off;."

Procedure for Person 42

I. Simultaneously apply artificial res-
piration.

2. Use Mouth-to-Mouth, Mouth-to .Nose,
or other rapidly available methods.

3. Apply at a rate of 12-20 per minute.

4. Feel for pulse and observe the pa-
tient's pupils. If circulation is adequate, a
pulse must be present and the pupils will
constrict. Pupils will dilate with inadequate
circulation.

1-14 81
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ACCIDENT REPORTING

Local directives (Keem ler Center Sup-
plement 1 to AFR 127-1) require that ANY
and ALL ground aoddents be reported to
the squadron or unit ground safety repre-
sentative and to the Center Ground Safety
Office. If an accident is classified as "re-
portable", then AV Form '711, "USAF Acci-
dent/Incident Report" and 711A "Ground
Accident Report" must be accomplishedand
forwarded to the Ground Safety Officer. AF
Manual 127-2, "USAF Accident/Incident
Reporting", defines reportable ground acci-
dents and gives step-by-step guidance in
filling out the required forms. The basic
regulation to be used for all accident report-
ing is AV Regulation 127-4 on "Safety".

FIRES

Fires not only cause a tremendous mone-
tary loss to the government, but also result
in severe injuries to many airmen and in
some cases loss of life. In a Communications-
Electronics facility there is always the pos-
sibility of a serious fire starting by a short
or overload, but they are more frequently
caused by carelessness or failure to comply
with safety regulations.

We all know that the best way to fight a
fire Is to prevent it from everstarting. How-
ever, all personnel should know how to put
out a fire if one should start. This section
covers fire prevention, the four classes of
fires, and the use of fire extinguishers.
Your knowing this Information might some
day save your life, a building or valuable
Air Force equipment.

Fire Prevention

You should always be alert for any fire
hazards that may exist within your section
or organization. Fire hazards should be
eliminated as quickly aapossible. If you can'
not eliminate a particular fire hazard, report
it to your immediate supervisor or Ground
Safety Officer.

_...... .

A fire that starts in electrioal equip-
ment can usually be stopped by merely turn-
ing oft the AC power supply to the equip-
ment. Since sledded equipment is largely
oonstructed of metal, wiring, and small
electrioal components, the only fuel to feed
the fire would be insulation on the wiring
or electrical components. In other words, a
large fire in electrical equipment is not
common. The large fire is usually caused
by the overheating of main power lines
supplying the electronics equipment. The
overheating of the power lines will ignite
the building structure materials or flam-
mable materials nearby, and then the large
fire starts.

Fires are caused by many other con-
tributing factors. To prevent fires you
should have a fire safety program estab-
lished and periodically inspect your shop or
facility to eliminate fire hazards that 'do

exist. Listed below are soMe important

items to check forin the prevention of fires.
This list is not considered complete and
inspections should not be limited to these
items. Your local conditions will determine
the type of fire hazards that may exist
within your organization.

ELECTRICAL EQUIPMENT. Check all
electrical equipment for the following:

1. Poor grounding system.

2. Improper size fuses. Fuses
should have the ampere and voltage rating
specified in the applicable technical order
for the equipment.

3. Fuse boxes not marked with the
proper size fuse to be installed.

4. Detective switches and relays.

5. Worn or frayed AC power cords
and internal wiring.

8. Broken power plugs and sockets.

7. Dirty, oilyt_electricAnotors_or
generators.

8. Dusty or dirty electronics equip-
ment in general.

1-16
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FUEL AND PAINT STORAGE AREA.
Check the fuel and main storage area for
the following:

1. Fuel or paint containers not
marked indicating their proper contents.

2, "NO SMOKING" signs notposted,

3. Storage building for fuel and paint
located too close to the other facility
buildings.

4. Fire control equipment not avail-
able for use in the storage area.

5. Fuel or paint spillage within the
storage area.

8. Containers not covered or sealed
properly.

.._ . 7. _ Other - materiels such as wood,
rags or paper being stored in the building.

FIRE CONTROL EQUIPMENT. Check
all fire control equipment for the following:

1. Inadequate type and number of
fire extinguishers.

2. Fire extinguishers not installed
properly or blocked by obstructions.

3. Fire extinguishers not inspected
and recharged at proper intervals.

4. Improper use of fire buckets and
sand palls. (Sometimes used for cigarette
butts and paper).

5. Fire extinguisher seals broken.

8. Fire extinguisher hoses stopped
up, or otherwise defective.

BUILDING HOUSEKEEPING. Cheek the
building in general for the following:

1. Trash and foreign materials in
the area.

$

2. Flammable or selfheating ma«
Oriels In unauthorized containers or stor-
age closets.

3. Dead grass or leaves around the
buildings and yards.

4. Flammable materials stored in
the attic area of building.

5. Unauthorized waste baskets or
containers being used. (Should be metal.)

6. Clean and dirty rags being stored
in improper containers. (Should be metal
and covered.)

7. Designated non-smoking areas not
posted with "NO SMOKING" signs.

8. Insufficient ash trays or disposal
cans provided for smokers.

9. Fire evacuation plans not posted
for safe evacuation of building.

10. Emergency fire reporting pro-
cedures not posted, such as phone numbers
and building numbers.

HEATING FACILITIES. Check the heat-
ing unit area for the following:

1. Insufficient clearance to combus-
tible surroundings, or insufficient insulation
and ventilation for heating unit.

2. Heating unit dirty or dusty.

3. Heating facility room area dirty
and used for unauthorized storage.

4. Fuel not stored or handled
properly.

5. Leaking fuel line in system.

EMERGENCY POWER FACILITY. Check
the emergency power unit facility for the
following deficiencies:

1 -18

1. "NO SMOKING" signs not posted.
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3. ;Am line, to power unit. leaking.

3. Grease and oil container. not
properly marked and covered.

4. Grease and oil on the floors.

5. Clean and dirty raga stored in
improper containers.

6. Improper grounding system for
generator units.

7. Main fuse boxes not marked Ind..
eating proper size of fuses to uise.

S. Improper size fuses being used.

9. Switch boxes not marked properly
indicating their control.

10. Drip pans not installed under
power units to prevent flammable liquids
from spreading on the power building floor.

II. Drip pans are not cleaned as
required.

, 13. Exhaust pipe for power unit en
gine not insulated properly from building
structure.

13. AC wiring from pneratora not
installed according to good installation
practice.. Look for improper size wire,
connector,, underrated switches, and worn
wiring.

Classes of Fires

Before classifying fires, let'us find out
what makes a fire burn. To produce a fire,
three things must be present at the same
time: fuel, heat, and oxygen. If air/ one
of the three is removed, the fire will be
extinguished. Fire extinguishers normally
remove the heat (cooling effect) or remove
the oxygen (smothering effect).

Fires are placed into four classifications
to aid" in the 'thi Piopei Are
extincuisher.

CLASS A. Burning wood, paper, and
rags are examples. The cooling effect of
water is often used for these tires. See
figure 1-20.

sigodylple1010100. 1221)
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Figure 1-20. Rubbish Fire and Recommended Extinguishers
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Figure 1-21. Oil Fires and Recommended Extinguisher

CLASS B. Burning gasolide, oil, sol-
vents, and grease are examples. Water .

cannot be used for these fires. Water would
only spread the fire. The smothering effect
is used to eliminate oxygen to extinguish
this type of fire. See figure 1 -21. . .

CLASS C. Electrical fires are typical
of this class. Water must not be used. The
e xtinguishing agent must be a nonconductor
of electricity. The smothering effect is
normally used to extinguish this type of fire.
See figure 1 -22.

CLASS D. Burning metals such as
magnesium, zinc, Sodium, and titanium are
e xamples. Dry-powder extinguishers are
used for this class. The smothering effect
is used to extinguish this type of fire.

ONO 11/111tits

Figure 1-22. Electrical Fire and
Recommended Extinguisher
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Fire Control

Know your fire extinguishers, where they
are located, which one to use, and how to
use them. The following types are usually
available in the housing _ or _maintenance
areas.

1. WATER. Basically tap water. It
is used for class A fires. It uses the cool
ing effect. It is not to be used on electrical
fires.

2. SODA-ACID. Sodium bicarbonate
solution. Class A fires. Uses cooling effect.
Do not use on electrical fires.

3. COI. CARBON DIOXIDE GAS.
Class B and C fires. Uses smothering effect.
Commonly used on gasoline, oil, grease, and
electrical fires.

4. DRY CHEMICAL. May use so-
dium bicarbonate or potassium bicarbonate
powder. Class B and C fires. Uses smother-
ing effect.

5. DRY POWDER. A special com-
pound of sodium chloride or graphite mate-
rials. Used for class Wires. May be applied
from extinguisher or applied with a shovel
to smother the burning metal.

Your local fire departmentwill determine
the proper types of fire extinguishers for
your facility or shop. Itisyour responsibility
to know how to use these extinguishers.
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The operating instructions for extin
guishers are printed on the extinguisher.
Learn how to 'use the extinguisher before«
hand. Figure 1.23 shows how to extinguish a
typical fire. Direct the agent to the base of
the flame.

Be sure to notify the fire department if
an extinguisher is used so they can be sure
the fire is extinguished and can recharge
or replace the extinguisher. Do not use a
fire extinguisher for anything except to
control a fire.

TOXIC FUMES AND GASES

Toxic fumes are poisonous vapors or
gases generated from a liquid or solid
form. A gas is an air-like fluid without a
definite limit or form.

Gases and vapors are classified accord-
ing to their physiological effects. The main
groups of gases and vapors-are discussed
in the following paragraphs.

Asphyxiants

Simple asphyxiants are gases or vapors
which cause a loss of consciousness as a
result of too little oxygen and too much
carbon dioxide in the blood. This comes as a

17
result, of the gases or vapors replacing
oxygen in air. Some examples of such gases
are methane, carbon dioxide, carbon monox-
ide, and hydrogen, which replace oxygen in
the air.

Methane is a colorless, odorless, in
flammable gas and is present in natural
gas. It is used as a fuel for heating and
illumination. A repairman should pay strict
attention to all warning signs, and use the
correct procedure for lighting ovens, heat-
ers, stoves, or any device using methane
for fuel or lighting.

Carbon dioxide is a colorless, odorless
gas somewhat heavier than air. It passes
out of the lungs in respiration and controls
rate of breathing. As little as 10% can
cause death. Oxygen should be sufficient
to replace the carbon dioxide at all times.
Proper ventilation while working in aircraft
and closed shops is a protection against
.carbon dioxide.

Carbon monoxide is a colorless, odor-
less, poisonous gas. It is formed when a
fire burns with an insufficient supply of air.
It is a chemical asphyxiant which combines
with the hemoglobin in the blood and pre-
vents oxygen from reaching the body tissues.
Carbon monoxide is deadly. Symptoms in-
clude dizziness, headaches, nausea, redness
of skin, coma, and difficult breathing.

Figure 1-23. Direct Agent to Base of Flame
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Hydrogen is a colorless, odorless gas
senus chemical element. It is the lightest
of all chemical elements and is explosive
and inflammable. Repairman ehouldbe aware
of hydrogen gases in storage battery rooms
and aircraft battery compartments. No smok-
ing and constant temperature are precationary
measures.

Irritants

Irritant gases and vapors cause irritation
or inflammation of the body internally or
externally. These gases and vapors cause
internal complications, such as lung infec-
tion and infection of the vein that conveys
blood from the lungs to the heart. The ex-
ternal complications are skin irritations.

Some of the most common types of irri-
tant gases and vapors are produced by
ammonia,- chlorine, and hydrochloric acid.

Ammonia causes irritation of the eyes and
respiratory passages, coughing, and burning
of the skin. Repairman may encounter am-
monia while working on large air-conditioner
units and large refrigeration units and using
cleaning substances which contain ammonia.
Open air ventilation is the best safety
precaution.

Chlorine is a heavy, greenish-yellow
poisonous gas with a suffocating odor. It is
soluble in water and is used as 'a germi-
cide bleaching agent, purifier of water for
swimming pools, and as a basis for military
poison gas. When marketed in a liquid form
it is stored in a steel cylinder, whence it
escapes as a gas on releasing pressure.
Chlorine is found in other chemical solu-
tions used for cleaning. Repairman should
maintain open air ventilation when working
in aircraft and closed shops in orderto avoid
the danger of chlorine gases and vapors
while cleaning equipment, floors, and parts.
Special hand and body protection clothing
should be worn in order to avoid skin irrita-
tions and burns.

Hydrochloric acid is a colorless, pun-
gent smelling, poisonous liquid. It is ex-
tremely soluble in water. One of itsprinciple
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uses is as a cleaning agent, since it disolves
rust. Hydrochloric acid causes irritation of
the mucous membranes (the moist glandular
lining of certain cavities and canals of the
nose). Repairman can avoid hydrochloric
fumes by having open air ventilation while
Cleaning equipment and parts in closedshops
or aircraft.

Anesthetics

Anesthetic gases and vapors have a nar-
cotic or drug-like effect that causes partial
or complete toss of sensation. This can
cause a malfunction of the central nervous
system. A malfunction of the central nervous
can cause respiratory failure. Practically
all narcotic gases and vapors belong to the
hydrocarbon series. Some of the most come
mon types are methyl alcohol, propane, and
carbon tetrachloride. . .. . _ .

Methyl alcohol causes an acute dizziness,
stupor, cramps, digestive disturbances, di-
lated pupils, and blue lips. It also causes
depression, tremors, anc chronic poisoning.
Repairman working around aircraft and ve-
hicles should take all precautionary meas-
ures to avoid the danger of methyl alcohol.
Methyl alcohol is used in anti-freeze
solutions.

Propane is a hydrocarbon gas of the
methane series. It is used as a fuel for
some vehicles and small hand-held torches.
It is toxic and produces narcosis. Because
it is highly namable, you should use only
the correct procedure for any device using
this gas.

Carbon tetrachloride is a non - flammable
liquid which causes acute headaches, nausea,
vomiting, dulling of senses, permanent liver
damage, and Ions of consciousness. Repair-
men might encounter this substance in clean-
ing solvents. Open air ventilation is required
when this substance is used. Anesthetic
gases and vapors are common in cleaning
solutions, therefore, repairmen should take
necessary precautions.
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CATHODE RAY TUBES

Extreme caution should be exercised by
the technician when handling cathode ray
tubes. The glass envelope encloses a high
vacuum, and because of its large surface
area, it is subject to considerable force.

To avoid serious injury, adequate pre-
cautions should be taken at all times to
Milligan the danger of breaking the glass
envelope. Avoid scratching, striking, or
using excessive force when handling the tube

or when placing it in its deflecting yoke or
socket. Never hold the tube by its narrow
neck. When setting the tube down, always
stand it on its face on a thick piece of felt
if available..

pt addition to the danger of implosion
due to breakage, rough handling may also
cause displacement of the electrodes within
the tube. Before a CRT is discarded, the
tube should be rendered harmless by break-
ing the _vacuum seal. This can be safely -
done as follows:

I. Place defective tubes, face down,
in an empty CRT carton.

2. Carefully break off locating pin
from tube base. See figure 1-24.

3. With a small screwdriver or
probe, break off tip of the glue vacuum seal.

WARNING. no chemical phosphor
with which the face of the CRT is
coated may be toxic. When disposing
of a broken tube, be careful not to

get "w of this compound on hands or
in.the Oyes,

If you receive a cut from the glass of a
broken CRT tube, wash the cut with soap and
water. It other injuries are received the
necessary first' aid will be applied. The
person should be taken to the hospital as
soon as possible to receive the necessary
treatment. The hospital should be informed
that the tube contained a chemical phosphor.

RADIOACTIVITY

Types of Radiation

We are all himiliar with the term rade-
tion. A loud speaker radiates BMW Wang
which- are no , more than compressions of
the air surrounding the speaker and are re-
'erred to as sound waves. A radio antenna
radiates radio frequency waves which are
electromagnetic in nature. Electromagnetic
radiation covers a frequency range from the
lower audio frequencies up through cosmic'
rays. The cosmic rays include electron and -

heavy particle showers from space. There
are several types of electromagnetic radia-
tions which will cause serious injury if

Glass Vacuum Seal

Figure 1-24. Construction of a Cathode -Ray Tube Base
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personnel are exposed in excess Of recom-
mended levels. The types of radiation mOst
often encountered are as follows:

MICROWAVES - 3000 megahertz to about
3 million megahertz.

X-RAYS - 50 billion megahertz to
about 100 trillion mega-
hertz.

ALPHA Positive charged parti-
PARTICLES des released by split-

ting the atom.

BETA - Negative charged parti.
PARTICLES des released by split-

ting the atom.

The types of radiation described above
are all high energy radiation and can cause
some adverse effect on living cells and
living tissue. The exact amount of damage
is dependent on the form of radiation and the
degree of exposure.

Sources of Radiation

Air Force personnel may encounter
radiation produced by many sources on an
installation - in reactors, particle accelera-
tors, radioactive isotopes (liquids and solids),
diagnostic and therapeutic X-ray machines,
X-ray machines used for_industrtal radio-
graphy, radioactive sources used for irradia-
tion of other mate rtals, electronic tubes of
certain types, irradiated electronic equip-
ment, and all forms of radioactive wastes.
Any material can be irradiated in a nuclear
reactor and made radioactive. Therefore, it
becomes important for personnel to become
familiar with all sources subject to giving
off radiation, U they are to guard adequately
against exposure to radioactive mate rtals.
Another means of determining U radioactive
substances are involved is to check the source
with a radiation survey meter, or to see if the
source is clearly marked with standardradia-
tion signs and symbols.
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RadlOactive Substances

Unless they are present in very large
quantities, alpha and beta radiation present
prtmarily an internal hazard. These parti»
des may be inhaled, ingested, or absorbed
into the body where they will cause dam-
age to various organs, which can ultimately
result in disease and death. Alpha particles
are not able to penetrate unbroken skin.
Beta particles will penetrate about a third
of an inch of tissue.

Preventive Measures and Handling

In order to adequately protect personnel
from radioactive material, it is necessary
to guard against contamination of the per-
son's clothing, and surrounding equipment
and mate rtals. Safeguards against radio-
active contamination are similar to those
used against any toxic gas or dust. Ade-
quate protective clothing, hoods, respira-
tors, gloves, boots, and other equipment
should be worn when working with or near
radioactive materials or contaminated equip-
ment. The object of protective clothing is
not to cut down the radiation coming from
outside the body, but rather to keep radio-
active dirt or dust from being deposited on
the personal clothing of workmen where it
might be unknowingly spread to clean areas
and subsequently find its way into the body.
Personnel constantly exposed to radiation
should be carefully monitored by the Base
Surgeon. For positive radiation identifica-
tion and safety, all personnel who are
routinely exposed to radiation should wear
film badges. This badge should be worn on
the outside of clothing, i.e., clipped to the
collar, breast pocket, shirt opening, or
belt. The type of dosimeter used will be
determined by the nature and intensity of
the radiation to which personnel will be
exposed

AFM 32-3, "Accident Prevention Hand-
book" lists the following precautionary
procedures to be followed by all personnel
exposed to radioactive aircraft.

A thorough medical examination will be
given before exposure and as often as neces-
sary thereafter.
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Proper safety instructions will be given
by the base Medical Service before mainte-

,..., mice personnel begin operations on con-
taminated aircraft.

''....."

Protective clothing and a badge or dosi-
meter will be worn at all times during
e xposure.

Personnel working in a contaminated
area will not smoke; eat, or chew gum.

Rands and face will be washed after work-
ing on contaminated aircraft and before eat-
ing and/or smoking.

Personal articles such as watches and
rings will not be worn' while working in a
contaminated area or on an exposed aircraft.

Maintenance personnel who have been ex-
posed to radiation will not handle telephones,
reports, or other articles while wearing
protective glove s.

When an lircraft is suspected of being
contaminated, it will be taxied away from
hangars, traffic, equipment, and other air-
craft after landing. The aircraft will then
be monitored to determine the extent of con-
tamination and marked with AFTO Form 9,
showing the standard radiation hazard warn-
ing emblem. The aircrew, their personal
belongings, and clothing will also be moni-
tored and processed as directed by assigned
monitoring personnel.

Care should be exercised in the handling
of containers used to store or transport
nuclear or radioactive materials. If such
containers become damaged, the containers
and/or radioactively contaminated items
should be monitored by attending radiological
personnel. The immediate area should be
monitored and decontaminated, if necessary.

- As determined necessary by the Base
Medical Service, a change house should be
set up in which personnel involved in the
processing of radioactively contaminated
material will wash or bathe, if necessary,
and change clothes. The change station may

. consist of existing restroom facilities and
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should be designated and posted to indicate a
"clean4ocker area " ;, "a wash -up and/or
shower facility", and a "contaminated" area
for removing contaminated clothing.

Adherence to good personal hygiene prac-
tices (mach as washing Of hands and face
before eating or smoking) is mandatory.

First Aid

All injuries occurring during decontami-
nation operations or during the handling or
reworking of contaminated material should
be reported to the monitor immediately.
The monitor will be responsible for inform-
ing Base Medical Service of such accidents
immediately so that proper treatment may
be given.

MICROWAVE RADIATION

Characteristics and Effects

Radiant energy is produced by the con-
version of matter from one form to another
and results in a wave motion characterized
by its frequency. The term "microwave"
applies to the range of frequencies ranging
from about three hundred megacycles per
second to around 3 million megacycles per
benOnd. This frequency band was tremen-
dously developed during World War II, and
this development continues to be carried
forward with expanding energy. The low
frequency portion has now entered into the
more or less standard radio and communica-
tions technology, while the very highest fre-
quency portions are in the experimental
stage.

New developments in technology have
brought about higher power radar with fre-
quencies in the microwave band. A repair-
man is subject to encounter microwave
radar at one time or another. Therefore, it
Is necessary for him to know some of the
effects, precautions, and limitations of
microwave radiation. Electromagnetic radio-
lion (microwave radiation) from modern air-
borne and ground equipment may have a
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detrimental effect on the human body. This
fact need not be alarming it personnel look
at the problem squarely and Intelligently.
Man can handle radiation as he has handled
fire ... with caution and common sense.

The biological effect of microwave radia-
tion has recently become a matterof interest
and COnCern to personnel who come in con-
tact with modern eIectrOnic equipment. Ex-
posure of the human body to strong sources
of microwave radiation is a subject which
has been under investigation for a number
of years. As far back as 1945 when radar
devices first came into widespread use,
studies were made to determine if any
biological damage could be produced by ex-
posure to microwave radiation from radar
equipment. The results were negative. How-
ever, more recent investigations have shown
that sources of power from radar devices
have been developed within the last few
years which are capable of producing
raf.liaLon of sufficient intensity to cause
damage to human tissue. High intensity
radar devices have been incorporated and
are used today in airplanes and ground
installations used for the defense of
America, Far East, and Eastern Europe.

In some respects a comparison can be
drawn between microwave radiation and fire,
because both are capable of burning the
human body. The first time man experi-
mented with fire and determined that it
could harm him, he learned to avoid all
contact with flame and incandescent sub-
stances. Now that man is confronted with a
new kind of fire, microwave radiation, he
must again learn to protect himself. How-
ever, man finds himself at a disadvantage
in attempting to protect himself against
microwave radiation because it is difficult
for him to detect its presence. Radiation
cannot be seen, therefore, a repairman
must rely on his sense of feel, or better,
his knowledge as to exactly what microwave
radiation is where it comes from, how it
harms, and how close he can come to it
before he gets burned.

There are two types of radiation pro-
duced by eIectrOnio equipment, microwave
and X -ray. At this time, only microwave
radiation will be discussed. Electromagnetic
radiation emitted by radar antennas, is
called microwave radiation or more simply,
microwave. As mentioned in the early part
of this section; microwaves are classified
in a band - just above radio waves in the
electromagnetic spectrum.

Radiation can either be absorbed or re-
flected by an object in the direct path of a
microwave beam. The total amount of radia-
tion absored or reflected depends on the
types of material being used and the fre-
quency and power intensity of the microwave
beam. Microwaves from modern radar units
reach power intensities which may produce
some startling effects. For example, under
certain circumstances, dry steel wool can
be ignited by a radar beam, and photo-
flash bulbs have been set off at distances
up to 350 feet. An electric potential can
build up between two metal particles and
cause an arc. The arc may ignite fuel
vapors.

Microwaves produce localized heating
when they are absorbed by matter. This
heating effect can cause biological damage
to the human body if excessive amounts of
radiation are absorbed. The amount of tem-
perature rise in the body is related to the
power intensity and frequency of radiation.
The human eye is especially susceptible
to selective heating (microwave radiation).
Most parts of the body send a warning to
the brain in the form of pain before enough
heat is absorbed to cause biological damage.
The internal eye is less sensitive than other
parts of the body and is capable of absorbing
more heat before pain is felt.

The depths to which radiation can pene-
trate the human body is largely dependent
on the frequency of the Micorwaves them-
selves, and the absorptive properties of
human tissue. (See figure 1-25.) When radia-
tion is 'absorbed in any of the layers, heat
is produced. However, the skin layer con-
tains most of the body's sensory elements,
and if it is this layer which is absorbing
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raise the temperature
of the deep muscle
tissue.

Figure 1-25

the energy, there is little danger of over
exposure because an over heating warning
is immediately sent to the brain. Exposing
the body to microwave radiation in the fre-
quency range above, 3000 megacycles is
somewhat similar to an exposure to sun-
light or infrared light.

Preventive Measures

The most important thing to consider
when determining the necessary safety pre-
mations to be taken when working near
microwave radar equipment is that the
energy level, or power density, measured
in watts per square centimeter, is high at
the source of emission (the antenna) and
diminishes as the distance from the source
increases. At a given distance from a trans-
mitting radar antenna, power densities are
much higher in the beam of a stationary
antenna than they are when the antenna is
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MUSCLE

scanning. Also, different classes of radar
sets produce different power densities at
given distances from their antennas.

1. Do not make a close visual in-
spection of any microwave radiator, re-
flector, waveguide opening, or waveguide
horn during periods of transmission.

2. Do not make a close visual in-
spection of an operating lrayStron except
through a leaded glass window or by remote
viewing.

3. Absorbent screening material such
as dummy loads or water loads should be
provided to contain the primary beam of a
microwave radiator whenever possible.

4. The number of personnel where
radar components are being tested should
be limited to the number required to accom-
plish a given test.
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5. Some ECM antennas on airplanes
are capable of transmitting frequencies
below 1000 megacycles. Personnel should,
therefore, be aware that a transmitting
ECM antenna, depending on its frequency,
will not always indicate its radiation level
by affecting the sensory elements of the
skin,

First Aid

At this time there is no immediate first
aid except that if a person is standing close
to operating radar antennas he will be able
to feel the heat generated in the skin layer
of the exposed portion of tilt+ body. This is
the body's warning signal and the person
should move away from the antenna.

X-RAYS

Sources

High-power radar and communications
equipment have created new radiation haz-
ards. Modern electron tubes, such as high-
power klystrona, magnetrons, thyratrons,
cathode-ray tubes, and high-voltage recti-
fiers, when operated with electric poten-
tials in excess of 10 kv, may generate
X-rays. These rays may emanate from the
tube if satisfactory shielding is not pro-
vided. The ability of X-rays to penetrate
solid matter and modify, damage, and des-
troy living tissue not only makes this energy
useful for medical treatments, but also
makes it a hazard when not controlled.

Effects

AU X-rays, except those of very low
energy, will penetrate human tissue and
form positive and negative ions. These ions
will cause tissue damage, which may be
either temporary or permanent. Unless the
dosage is extremely high, there will be no
noticeable effects for days, weeks, or, in
some cases, years after the exposure. This
delay in effect is no doubt the most im-
portant reason for cases of overdose of
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X.rays, since by the time the symptoms are
evident the damage has been done, Some of
the known effects of overexposure to X.rays
are:

1. An increase in the number of
white blood cells (leukemia), a decrease in
the number of white blood cells (leucopenia),
increased blood clotting time, and anemia.
These ,effects on the blood lower the resis.
twice of the body to bacteria, which is a
secondary haiard to overexposure.

2. Bone damage. Most of the dam-
age is to the marrow, which produces the
blood cells, but the bones themselves are
sometimes damaged,

3. adn cancer, skin inflammation,
and loss of hair. A reddening of the akin is
one of the first symptoms of overexposure.

4. Mutations. These may not appear
until the second or third generation.

5. Ulcers.

S. Sterility.

7. Cataracts.

Protection

When working with high-voltage alectron
tubes capable of producing X-rays, you
should make certain that the radiation has
been checked at all possible points of emis-
sion. Under normal operating conditions,
'there will probably be proper shielding for
these tubes, but you should be aware of the
possible increase in radiation under unusual
conditions. Areas exposed t o radiation
should be checked to determine the radia-
tion strength and, U necessary to set some
time limits for workers in the area. The
recommended maximum intensity levels in
controlled radiation areas is 100 milli-
roentgens per week or 2.5 miUiroentgens
Per hour. Although these limits are con-
sidered safe, you should not subject your-
self to any more expomee than necessary.
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Film badges or pocket meters should
be worn in all radiation areas, This type of

...- detector should be used with the understand-
ing that radiation may be concentrated on
some portion of your body where the di.
tector is not carried, Several types of
portable devices are available for monitoring
or measuring radiation; these include Joni-
nation chambers, proportional counters,
Geiger-Muller counters, scintillation de-
tectors, and electroscopes, An instrument
with a separate probe is useful for checking
high-voltage tubes, particularly when areas
of restricted size must be reached.

RADIOACTIVE TUBES

General

Electron tubes containing radioactive
material are now commonly used in radar
equipment. These tubes are known as tr,
atr, spark-gap, glow-lamp, and cold-cathode
tubes. Radioactive material is intentionally
added to these tubes to produce a continuous
supply of ionized 'particles, This ensures
that the gas within the tube will always
ionize at the same voltage. The principal
radioactive materials contained in tubes
and the intensity levels which should be
considered as dangerous, and so marked,
are listed in table 1-1.

Table 1-1

INTENSITY LEVELS FOR RADIOACTIVE
COMMODITIES TO BE MARKED

"DANGER"

MATERIAL
INTENSITY

(Microcuries)
V.

Carbon 14 (C 14) 5.0

. Cesium-Barium 137 1.0
(CsBa 137)

Cobalt 60 (Co 80) 1.0

Nickel 83 (NI 63) 1.0

Radium 226 (Ra 226) 0.1
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Atomic Radiation Hazards

M long as a tube containing radioactive
material is not broken, the hazard is slight.
The concentration of radioactivity in a
normal collection of electron tubes at
maintenance shapes does not approach a
dangerous level. However, at major supply
points, the storage of large quantities of
radioactive tubes in a relatively small area
may create a hazard. A broken radioactive
tube immediately becomes a hazard, since
radioactive material may enter a person's
body by inhalation, through the skin by way
of an open wound, and with food. Radioactive
material deposited within the person's body
produces internal radiation which may injure
or destroy blood-forming organs and body
tissue. The removal of this hazard is limited
by the rate of excretion of the elements
from the body and the natural radioactive
decay of the material. The degree of injury
depends primarily on the quantity of radia-
tion energy absorbed by the body cells. If
only a small amount of radioactive material
is absorbed by the body, symptoms of inter-
nal injuries may not appear for years. Table
1-2 lists tubes that are known to contain
radioactive material, the type of radioactive
material, and the intensity of radioactivity
of each tube.

Precautions

The following practices should be ob-
served to minimize the danger presented
by radioactive tubes.

1. Tubes should not be removed
from cartons until immediately prior to
actual installation. This serves twopurposes:
to prevent accidental breakage, and to avoid
the possibility of concentrating several
radioactive tubes in a small volume (which
would increase the effective intensity of
radiation).

2. When a tube is removed from
equipment, it should be placed in an appro.
priate carton to prevent visible breakage.



Table 1.2

TUBES CONTAINING RADIOACTIVE MATERIAL

QUANTITYTUBE
ISOTOPE PER TUBB

TYPE ttlorocsartss)

TUBE
TYPE
-

ISOTOPE
QUANTITY
PER TUBE

(httareourtss)

84

0A2
OA 2V/A

Co 60
Ni 63

0.000
0.01-.06

1354
1366

Co 60
Co 60

0.46
0.6 4

0A2V/A Co 10 0.0067 CL1/156 Co 60 0.475
032 Co 110 0.0067 1366 Co 60
032WA Ni 63 0.01-.05 1057 Co 60 0.475
032WA Co 60 0.0067 OL136$ Co 60 0.475
1322 Co 60 0.25 1/136 Co 60 0.5
1323 Co 60 1.15 1060 Co 60 0.16
1323 Co 60 0.5-1.0 Ra 235 2.0
1324 RA 226 2.0 1062 Co 60 0.15
OL1324A Co 10 0.475 014363 Co 60 0.475
1324A Co 60 0.15 OL-1063A Co 60 0.476
1324A Co 60 0,5 111413A Co 60 0.15
1324A Co 60 1.0 1063A Co SO 0.6
1324A RA 226 2.0 1063A Co 10 1.0
1326 Co 60 0.15 13633 Co 60 0.15
1327 Co 60 0.15 TO-6 Cs 137 5.0
1331 Co 60 0.25 BL-0 Co 60 0.15
OL-1035A. Co 10 0.960 TO-8 Cs 137 $.0
1335A Co 60 0.4 TD9 Ra 2211 0.6
1335A Co 60 1.0 BL-10 Co 60 0.15
1036 Co 60 0.25 TO-11 Cs 137 5.0
11139 Co 60 0.050 TO-12 Cs 137 6,0
01.41137A Co 60 9.4 TO-13 Co 137 6.0
1337A Co 10 1.0 TO-14 Cs 137 5.0
GL -103$ Co 60 0.475 31.-IS Co 60 0.25
1336 Co 60 0.9 TO-15 Cs 137 6.0
1040 Co 60 0.2 BL-111 Co 60 0.15
1040 Co 60 1.0 TO-16 Cs 137 0.5
1041 Co 60 0.25 TD-19/6142 Ra 226 0.5
1041 RA 226 2.0 8L -20 Co 60 0.15
OL-1844 Co 60 0.475 BL-29 Co 60 0,15
1044 Co 60 0.45 BL-34 Co 60 0.5
1344 Co 60 1.0 BL-36 Co 60 0.45
1345 Co 60 0.25 3L -30A Co 60 0.9
1345 Ra 226 2.0 BL-39 Co 60 0.16
1349 Rs 226 2.0 BL-40 Co 60 0.45
1050 Co 60 0.15 111.41 Co 60 0.45
1051 Co 10 0.4 BL-44 Co 60 0.15
1352 Co 10 0.45 BL-45 Co 60 0.4
1353 Co 60 0.45 BL-47 Co 60
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Table 1.2 Contoci)

TUBES CONTAINING RADIOACTIVE MATERIAL '

-I-

Title
TYP11

10010Pr
CPANT/TY
Pint TU$I

pliefOdalliel)

BL41 CO 00 0.4
11.41 C010 045
/1L41 CO 60 0.4
11L-57 C010 0.15
111606 CO 00 045
SLAM CO 00 0.5
81.43 CO 60 0.1
B1.46 CO 00 0.15
111416 CO 00 0.11
IL-09 CO 00 0.4
11L-70 0000 0.4
SL -71 CO 00 0.4
111.43 CO 00 0.4
11-74 CO 00 0.4
11-71 CO 00 0.4
111070 CO 00 0.4
51.41 Co GO 0.7
31.46 CO 00 0.25
11449 CO 00 0.11
111.40 CO 10 0.15
111.42 CO 60 0.15
31.43 CO 60 0.4
111.44 CO 60 0.25
11L4411 CO 60 0.25
BL-$5 CO 00 0.15
11L416 C000 0.5
IL-50 CO 60 0.15
111.41 CO 00 0.5
BL -42 CO 60 0.4
SP '13 C14. 3.0
DL CO 00 0.0
111:. CO 10 0.,
VX111.4. N113 0.001
11-302 CO 00 0.35
11L403 CO SO
14A03 CO 00 1.0
SL -304 CO 00 0.15
114404 CO 00 1.0
11L405 Co 40 0.15
BL -300 CO 00 0.15
MA-100 CO 00 1.0

TUllg
TYPO

quArarrir
UOTOPC IPZ/1 Win

Mktroeutles)

IL -307 CO 10 0.25
IL-346 Co 00 0.16
1401400 CO 60 1.0
101311 Co 00 0.5
MA -311 CO 00 0.5
/11.413 CO 00 0.5
313C 21* 0.01
313CA no 224 0.0001405
313CB no 321 0.01
313CC Ma 226 0.01
313CD Ma 120 0.01
UA314 CO 10 0.5
1/1A.311 CO 10 0.5
11013111 C010 0.5
UA322 CO 10 1.0
11182611 CO 0.15
111.420 CO 00 0.15
1L431 CO 50 0.35
111432 CO 00 0.15
BL-233 CO 60 0.11
33241 Ba 230 0.01
11.435 CO10 0.25
BL336 CO10 0.25
11L437 CO10 0.15
11L4311 Co 40 0.15
11L.1130 CO 10 0.25
111440 Co 40 0.15
11L-34011 CO SO 0.15
111441 Co 10 0.31
11L442 CO 50 0.15
21.443 Co 10 0.15
11/344 Co SO 0.25
11/445 CO SO 0.5
1114411 CO BO 0.1

Ma 226 1.0
111447 Co 00 0.15
11/441 CO SO 0.25
111406 Co 00 0.15
IL-341 CO 60 0.15
111450 CO 60 0.15
EP -350 N303 3.0
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Table 1-2 (Cont'd)

'...., TUBES CONTAINING RADIOACTIVE MATERIAL ,.

TUBE
TYPE

ISOTOPE

A

QUANTITY
PER TUBE

(Ntioroourtoo)

TUBE
TYPE ISOTOPE

QUANTITY
PER TUBE

ailoroeurfo4)

BL-638 Co 60 0.0 VXR-1506 NI 63 0.001

. BL-640 Co 80 0.9 Z -1172 Co 60 0.475
BL -641 Co 60 0.4 VXR-2002 NI 03 0.001
BL -642 Co 60 0.45 VXR -2500 NI 43 0.001
WE-443 Rs 226 2.0 VXR-3001 NI 63 0.001
BL-643 Co 40 0.16 WX-3320 Re. 236 2.0
EL-444 Co 60 0.26 WX-3346 Ea 326 24
BL-645 Co 60 0.25 VXR-4000 NI 03 0.001
BL-848 Co 60 5.5 VXR-6000 101 43 0.001
EL-847 Co 40 0.5 5589 Ra 126 lao
BL -648 Cow 0.5 5651 co 60 0.0067
BL-649 Cow 0.26 1651WA 1%324 0.046-.056
BL-450 Co 60 0.4 1681WA Co 60 OAST
BL-451 Co 60 0.25 5783 Co 60 0.0067

BL-483 Co 60 0.9 6783V/A Co 80 0.0067 .

111.-454 Cow 0.5 5753WB Co 60 0.0067
EL-458 Co 60 0.9 5757 Co 00 0.0067
111.450 Co 60 0.5 6787%VA Co 60 0.0067

EL-680 Co 40 0.46 6787W8 Co 60 0.0007

BL-661 Cow 0.15 6790/X7108 Co 60 1.0
111.-662 Co 60 0.4 6791/X8007 Co 60 1.0
81.-644 Co 60 0.0 6792 Co 60 0.45

EP-480 NI 43 3.0 6753/AT11-$45 Co 60 1.0
BL -700 Cow 0.25 5793 Co 60 0.45
111.-703 Co 60 0.25 6793/ATP.-346 Co 60 1.0
BL -703 Co 60 046 5841 NI 65 0.001
EL-706 Co 60 0.25 5653 Co 60 0.5
EL-714 Co 60 0.25 NM Co 60 0.5
11L-717 Co 40 0.25 5653/TR-348 Co 60 1.0
111.-4718 Co 60 0.15 5454/ATR-321 Co 60 0.4

721E Co 60 0.25 5663 Co 60 0.4

EL-724 Co 60 0.15 5863/X7106 Co 60 1.0

1242 Co 60 0.15 5664/ATR-321 Co 60 1.0
EL-4726 Co 60 0.25 5666/TR-381 Co 60 0.15
111.-735 Co 60 0.25 5868/TR-361 Co 60 1.0
VXR-800 NI 13 0.001 5683 Co 60 0.4
VXR-1000 NI 83 0.001 6883/ATR-381 Co 60 1.0
1022 Co SO 0.0067 5921 Co 60 0.45
VXR-1201 NI 83 0.001 8521/ATP.-344 Co 60 1.0
VXR-1401 NI 6$ 0.001 5923 Co 44 0.45
VX11-1500 NI 63 0.001 5572/ATR-$49 Co 60 1.0

.
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Table 1-2 (Cont's!)

TUBES CONTAINING RADIOACTIVE MATERIAL

QUANTITYTUBE 290TOPE PER TUBE
TYPE 011orocurloa)

.

TUBE
TYPE

ISOTOPE
QUANTITY
PER TUBE

ibileroeurloa

90

5925/TR-331 Co 60 0.15 6232 Co 60 0.5
OL -9927 Co 60 0.475 6232/TR-42/ Co 60 1.0
9927 Co 60 0.5 WL -6260 Ra 226 2.0
9927 Co 00 0.1 62112/BL-11 Co 60 0.29
5927/TR -391 Co 60 1.0 6204 Co 60 0.4
WL-5939 Rs 220 2.0 0304/33.-43 Co 60 0.4
WL -9939A ea 224 2.0 6322/6610.24 Co 60 0.15
5990 NI 63 0.001 6334/BL-27 Co 60 0.25
5962 C 14 1.0 6334 co 60 1.0
5952 NI 03 3.0 6334 Co 60 1.0
5962 Co 60 0.0067 6380 Co 60 0.15
9962 NI 63 0.001 6369 Co 60 0.4
6019 Co 00 0.5 141.-0370 Rs 226 2.0
6022/ATR-332 Co 60 0.22 6576/BL -62 Co 60 0.13
6024/ATR-387 Co 60 0.45 6392/B1060 Co 60 0.4
6033 Co 60 0.4 6396 Co 60 0.4
6034 Co 60 0.4 6396 Co 60 1.0
OL-6035 Co 60 0.475 6437/1037 Co 60 0.0067
6035 Co 60 0.15 6436/1059 Co 60 0.0067
600 VATR-407 Co 60 0.4 6465/BL-61 Co 60 0.25
009 VATR-407 Co 60 1.0 6642 Co 60 0.0067 ...".%,
6109 C 14 1.0 6545 Co 60 1.0
OL-6127 Co 60 0.475 6546 Co 60 1.0
6117 Co 60 0.45 6560/BL-35 Co 60 0.25
6117 Co 60 0.5 6664/BL-71 Co 60 0.25
6117 Co 60 1.0 6565/BL-313 Co 60 0.15
6140 ea 226 0.01 6565 Co 60 0.5
6141 R6 226 0.1 6569/BL-21 Co 60 0.15
6143 NI 43 0.001 6591 Co 60 0.4
6162/ATR -366 Co 60 0.4 6691 Co 60 1.0
9163 Co 60 0.4 6592/BL -309 Co 60 0.15
6163 Co 60 0.5 6693/BL-310 Co 60 0.15
4163/AT22.428 Co 60 1.0 6594/BL-311 Co 60 0.15
6164 Co 60 0.15 6695/BL-316 Co 60 0.13
6164 Co 60 0.5 6596/BL -317 Co 60 0.25
6164/TR-429 Co 60 1.0 6597/BL.320 Co 60 0.15
6167 Rs 226 0.01 6599/BL-322 Co 60 0.25
6213 Co 60 0.0067 6600/BL-323 Co 60 0.15
6214 Co 60 0.4 6601/BL -327 Co 60 0.25
6214/ATR-426 Co 60 1.0 6602n3L-329 Co 60 0.5
6232/ATR-427 Co 60 0.15 6613/BL -324 Co 60 0.25
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Table 14 (Con't)

TUBES CONTAINING RADIOACTIVE MATERIAL'

TYPE
E ISOTOPE

QUANTITY
PER TUBE

(htioroauilos)

TUBE
TYPE ISOTOPE

QUANTITY
PER TUBE

(istioroawrlu)

11613A Co 60 1.0 01439/111.-46 Co 40 0.15
6614/BL-314 Co 60 0.16 5440/31.-60 Co 60 0.4
0015/1114-312 Co 60 0.16 6641/1114-66 Co 60 0.35.. 01116/1114-326 Co 60 0.15 6642/B14-600 Co 60 0.20
6624/BL-653 Co 60 0.2$ 6643/3101 Co 60 0.25
6624 Co 00 1.0 11644/1110416 Co 60 0.15
6036/0A2WA. Ni 63 0.01-0.05 0$45/1114-95H Co 60 0.15
4432/0B3WA, RA 226 0.096-0.065 60441/1114-604 Co 60 0.25
6627/032WA. NI 63 0.01-0.06 6647/1114-60411 Co 60 0.25
6626/111.-38 Co 60 0.9 06411/1114-614 Co 60 0.25
11639/7114-54 Co 60 0.4 4049 BL -54 Co 60 0.15
0630/BL-55 Co 60 0.4 6650/814-67 Co 60 0.15

0031/BL-94 Co 60 0.4 6$65/81.-616 Co 60 0.25
41433/814-10 Co 60 0.9 6795 Co 60 0.15
41133/111.-37 Co 60 0.9 6795 Co 60 1.0
6634/BL-90 Co 60 0.9 6796 Co 60 0.2$
6635/814-57 Co 60 0.15 6797 Co 60 0.25
6636/111.-87 Co 00 0.9 4330 Ni 63 0.01-0.06
6637/BL -31 Co 60 0.15 4631 Ni 63 0.01-0.06
1163/1/BL-99 Co 60 0.15

,

3. These tubes should never be car-
ried in a pocket or elsewhere about you in
such a manner that breakage can occur.

4. Extreme care should be exer-
cised in the handling of these tubes while
installing or removing them from equipment.

5. II breakage does occur, material
contaminated by radioactivity should not be
allowed to come in contact with any part of
your body at any time. Take care to avoid
breathing any vapor or dust (such as radon
gas, a highly radioactive substance) which
may be released by such breakage. Imme-
diately locate all broken pieces, and isolate
the area until the broken pieces have been
removed or declared nonradioactive by test
with an adequate radiation-sensitive device.
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6. No food or drink should be
brought into the contaminated area or near
any radioactive material.

7. Immediately after leaving a con-
taminated area, personnel who have handled
radioactive material in any way should re-
move contaminated clothing. They should
wash their hands and arms thoroughly with
soap and water, especially before eating,
drinking or smotdng.

First Aid

When a wound caused by a sharp radio-
active object is sustained, mild bleeding
should be stimulated by pressure about the

q1



wound and the use of suction bulbs. Do not
suck the wound by mouth. Wash the wound
with soap, and flush with plenty of clean
water. If the wound is of the puncture type,
or the opening is small, make an incision
to promote free bleeding and to facilitate
cleaning and flushing of the wound.

Decontaminating Surfaces

When cleaning a contaminated area, you
should wear rubber or plastic gloves. Large
fragments of a broken tube should be re-
moved with the ald of some tool, such as
forceps, if they are available. The remain-
ing particles can be removed with a vacuum
cleaner, using a disposal collecting bag, or
by wiping a wet cloth across the area. If a
wet cloth is used, make one stroke at a
time, and fold the cloth in half after each
stroke, always using a clean side. When the
cloth becomes too small, discard it and
continue with a clean piece. Be careful not
to rub the radioactive particles into the
surface by using a back-and-forth motion.
All debris, cloths, and bags used for clean-
ing should be sealed in a container such as a
plastic bag, heavy waxed paper, or glass jar,
and placed in a steel can for disposal. Radio-
active waste can be disposed of by burying
in soil or in the ocean.

SOLDERING HAZARDS

General

Soldering is a safe process if the hazards
associated with soldering are recognized and
normal safety precautions are observed. The
possible sources of danger to personnel and
property are from heat, fire, electricity,
fumes, and chemicals.

Since soldering is a process which re-
quires heat, the risk of receiving painful and
dangerous burns is always present. Burns
can be received from the primary source of
heat, from explosions caused by open flames,
and from handling soldered metals before
they have cooled sufficiently. Burns are a
personnel problem and can be avoided by
thorot:gh training.

Closely associated with the dangers of
heat is the fire hazard. Fires can cause
extensive property damage, and frequently
are the cause of loss of life or injury to
personnel. Soldering electronic equipment
presents little danger from fire except for
the possibility of an electrical fire caused
by overloaded supply circuits or a short
circuit. However, the equipment used for
general - purpose soldering present a definite
fire hazard at all times. Fires can result
from the careless handling of flame heating
devices, or from their use in the vicinity
of inflammable fumes and liquids. Fire haz-
ards can be decreased greatly by observing
simple safety precautions.

Volatile fumes are a hazard both to
personnel and property; however, the danger
can be decreased during soldering opera-
tions if adequate ventilation is provided.
Fumes from gasoline and alcohol present an
explosion hazard, since they can be ignited
by an open flame or by a spark. Combustible
gas mixtures, such as oxygen and acetylene,
present the same type of danger. Other
fumes may be injurious to the health of
operating personnel. For example, fumes
from heated fluxes and front degreasing
liquids can cause lung and skin irritations.

Since electrical soldering equipment is
so widely used, an electrical hazard to
associated supply circuits can cause fires
and explosions under certain conditions.
This hazard can be minimized by the use of
equipment in good condition and by not over-
loading the electrical circuits. As with all
electrical equipment, the danger of electri-
cal shock to operating personnel is present.

Chemicals which may present a health
hazard are used extensively in soldering
fluxes and degreasing solution. Noncorrosive
fluxes present little problem, but the alkalies
and acids used in corrosive fluxes may cause
skin irritations and burns. Danger to the
eyes also exists, since many of the chemi-
cals are in liquid solutions, and splashing
or spattering may occur. The hazard pre-
sented by chemicals is slight Upropersafety
precautions are observed.
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Protection

GENERAL. Many precautions are com-
mon to all types of soldering. They must be
observed to prevent personnel injuries and
damage to property.

1. Do not solder electronic equip-
ment unless it is disconnected from the
supply circuit. Serious burns can be re-
ceived by contact with RE circuits. Death
can result from contact with a high-voltage
source.

2. Ground all equipment to lessen
the danger of electrical shock.

3. Do not overload electrical cir-
cuits, because of the danger of fire.

4. Ground electric soldering irons
and guns to eliminate the danger of electric
shock resulting from defective equipment.

5. Do not flip excess solder from the
tip of a hot soldering iron. Bits of hot solder
can cause serious skin and eye bums; they
may also ignite combustible materials.

6. To avoid painful bums, handle hot
metals with care. In addition, completed
soldered assemblies may be dropped and
damaged by handling them when they are
hot.

7. Select the proper working area
for soldering. Choose a well - ventilate dloca-
tion away from all fire hazards.

8. Hold large workpieces securely
while they are being soldered. Severe
injuries or burns may be received because
of a falling workplece.

S. Wear the proper clothing andpro-
tective devices while soldering.

10. Maintain a clean working area to
prevent fires. Remove combustible mate-
rials from the floor and from the surround-
ing area.

11. Keep fire-fighting devices and
first aid supplies near the soldering area.
AU equipment should be checked at regular
intervals.

Electric Soldering Devices

Two types of soldering guns are in Com-
mon use today; they differ mainly in the
manner in which the tip is heated. One type
consists of a conventional soldering iron tip
and heating element mounted in a gun-type
handle; a trigger switch may or may not be
included to control the period of heating.
Since the characteristics of this type of
soldering gun so closely resemble those of
the soldering iron, it will not be discussed
further. The other type of soldering gun
operates on the transformer principle. The
handle of the soldering gun contains a trans-
former whose secondary circuit is completed
through a loop-style tip. The point of the tip
is heated by the passage of large secondary
currents at low voltages. The gunis operated
by depressing a trigger switch. Thus, heat-
ing occurs only when the switch is operated,
and the tip is protected against damage
caused by overheating. The gunischaracter-
ized by its fast heating rate.

The following precautions should be
observed when using electric soldering
devices:

1. Do not permit a hot eelderiegiron
to rest on a wooden bench or chair. Use a
soldering iron holder.

2. Furnaces and induction heating
units operate with high currents. They must
be connected and operated according to the
appropriate instructions. Do not contact
current-carrying conductors or connections
when such equipment is operating, or death
from electric shock may result.

Flame-Heated Soldering Devices

Flame-heated soldering devices obtain
their heat from the burning of various gases
and combustible vapors. They are particu-
larly useful for soldering large joints, such
as those found in water-cooling plumbing
lines for high-power electron tubes which
cannot be heated effectively with a soldering
iron. This equipment cannot be used to
solder joints in electrical and electronic
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equipment because the flame cannot be con-
fined to small areas. In ado.tion, the flame
temperature cannot be controlled readily.
However, in an emergency, a gas-operated
torch or burner can be used to heat a
soldering iron; the iron can then be used
to make small joints.

The following precautions should be ob-
served when using flame-heated soldering
devices:

I. Store combustible gas cylinders
in a protected and well- ventilated area. The
storage area should be located away from
all sources of heat that could be a fire haz-
ard. Do not store oxygen and combustible
gas cylinders in the same location, because
of the explosion hazard.

2. Transport gas cylinders to and
from the working area with a hand truck or
cart. The valve-protection caps must be
mounted on the cylinders while they are
being moved; never move a cylinder when
the valve is open. Do not lift a cylinder by
the valve-protection cap with a crane; use
an approved cradle or holder.

3. Install gas cylinders upright in a
rack or stand, to prevent them from falling.
Do not fasten cylinders to radiators or
pipings to which electrical equipment maybe
grounded; a spark could cause an explosion.
Install cylinders in a well-ventilated area,
away from heat and combustible materials.

4. Use approved pressure regulators
to reduce the cylinder pressure to working
limits.

5. Use the proper hose to connect
the blowpipe to the gas cylinders. Handle
the hose carefully to avoid scuffs and other
damage. Do not lay the hose where it can
be run over. Inspect the hose for damage at
regular intervals.

6. Do not permit oxygen to come in
contact with oily materials, because of the
danger of fire. Do not put oil on regulator
or blowpipe fittings.
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7. Do not adjust acetylene gas pros«
sure to exceed 15 pounds per square inch,
or an explosion may occur.

8. Observe normal safety precau-
tions in operating blowpipes. Do not allow
the flame to contact combustible materials.
Avoid burns.

9. Close the valves on the blowpipe
and cylinder valves, and disconnect the hose,
blowpipe, and regulators if further soldering
is not to be done in the immediate future.
Replace the valve protection caps on the
cylinders.

MECHANICAL DEVICES

General

The hazards to the safety of personnel
with respect to machinery seem to be well
known to everyone in general; yet, in an
unguarded second, serious injury or death
occurs. Personnel can be prevented from
entering a dangerous situation by establish-
ing physical barriers around operating
machinery and/or by mental disOpline of
personnel. However, when such machinery
becomes defective, the physical barriers
that provided personnel safety are imme-
diately removed for access purposes. In the
final analysis, it is the mental discipline
which provides the greatest protection.

Rotating Machinery

Motor-generators and any other rotat-
ing equipments which are installed in a
communications - electronics installation
must have their rotating parts covered, so
that it will be impossible for the clothing,
fingers, or Ilmbs of attending personnel to
become entangled or caught in the moving
parts. It is the responsibility of all personnel
to make sure that covers, guards, and
barriers are kept in place and that the
rules governing placement are not violated.
No equipment should be accepted for normal
service usage unless the covers and guards
are in place.
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Rotating machinery is often viewed in
operation by means of a stroboscope, to
determine rotational speeds, etc. The illu-
sion of stopped mechanical motion is very
convincing under these circumstances. Do
not attempt to touch the moving equipment.

The arrangement of your clothing must
also be taken into account when you are
working around rotating machinery. Your
necktie, if worn, ust be securely fastened
to your shirt. Your shirt sleeves should not
be left unbuttoned and dangling; they should
be buttoned at the cuff or rolled up. Your
shirt tails should be securely tucked inside
your trousers instead of left dangling where
they can become caught in moving machinery.

TOXIC AGENTS

General

Toxic hazards are those dangers to
human safety due to possible contact with
or proximity to poisonous substances. Some
poisonous substances are termed "caustic"
or "corrosive," and cause the flesh to be
eaten away; the results of contact with these
agents range from minor skin irritations to
severe burns. There are a wide variety of
materials in daily usage that are toxic only
if they are taken internally, mostly caused
by inattention and/or lack of personal
hygiene. Some poisons exist as a gaseous
vapor and may be injurious immediately or
over a long period of time. There are also a
few substances used in electronic equipments
that are basically nontoxic agents, but under
certain conditions, can become highly toxic.

Degreasing Solvents

CARBON TETRACHLORIDE. Never use
carbon tetrachloride as a degreasing agent
if you can avoid it. As a liquid, carbon
tetrachloride destroys the natural otis of the
skin, producing a whitish appearance on skin
surfaces that are exposed; continuous skin
exposure may cause skin eruptions as a
result of defatting action.
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Carbon tetrachloride vapors cause de
preaeion of the central nervous system and
extensive damage to the liver and kidneys.
Prolonged exposure results in listlessness,
headache, nausea, dizziness, and confusion,
which may be followed by stupor and some-
times loss of consciousness.

If carbon tetrachloride is heated it de-
composes to form toxic gases, such as
phosgene and chlorine.

TFtICHLORETHANE. This agent, used
principally as a degreasing solvent, is a
narcotic and anesthetic material. Organic
injury rarely results from exposure. Chronic
overexposure can cause anemia and liver
damage.

TRICHLORETHYLENE. This agent,
used principally as a degreasing solvent, tea
narcotic and anesthetic material. Organic
injury rarely results from acute overex-
posures, but the chronic accumulation of
overexposure can cause anemia and liver
damage.

Pressurizing Gases

Sulphur hexafluoride is a gas of high
dielectric strength at microwave frequen-
cies. It is basically a nontoxic gas; how-
ever, the heat generated by electric cur-
rents in the waveguide will cause a partial
decomposition of the gas, which is toxic.
The toxic products of sulphur hexafluoride
may cause severe eye injuries, immediate
choking, or coughing; death can occur in a
matter of minutes. This gas is usually
purified through a charcoal filtering device.

Battery Acids

The most common battery acid you are
associated with is sulphuric acid. Su/phuric
acid is basically a corrosive toxic agent;
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repeated or prolonged inhalation dal; fumes
can cause inflammation of the upper respire
atory tract, leading to chronic bronchitis.
Loss of consciousness with severe derange
to the lungs may result from inhalation of
concentrated vapors when the sulphuric acid
is hot. The acid in a highly concentrated
form, prior to adding water for battery use,
acts as a powerful caustic, destroying skin
and other flesh tissues. This destruction
appears as severe burns, and such exposure
may be accompanied by shock and collapse.
The fumes from highly concentrated sul-
phuric acid cause coughing and irritation of
the eyes; prolonged exposures may pro-
duce a chemical pneumonitis,

Soldering Materials

The soldering area must be well veal
lated to protect operating personnel from
inflammable fumes, explosive gas mixtures,
and fumes which can cause skin and lung
irritations. If a metal, such as lead or zinc,
is used as a coating on steel, poisonous
fumes may be generated during the soldering
process.

The materials used in noncorrosive
soldering Luxes are relatively safe, but the
alkalies, bases, and acids used in corrosive
fluxes range from weak to strong, and may
present a toxic hazard. Do not allow fluxes
to touch the skin unnecessarily; many ma-
terials used in soldering fluxes contain skin
irritants. Soldering fluxes spatter when they
are heated, and the fumes produced by heat-
ing corrosive fluxes are irritating to the
skin and lungs. Protect your eyes during the
soldering operation to prevent damage due
to spatter. After handling fluxes, wash your
hands thoroughly before eating or smoking.
Most fluxes contain materials which are a
health hazard U they reach the stomach.
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Mercury Cells

The explosion of mercury dry cells can
injure personnel and damage equipment.
Although explosions have occurred in stor-
age, the greatest haza rd exists 1.vhen me rcury
cells are subjected to excessive heat or
short circuit. An explosion can be caused
when the cell is heated in excess of 400
degrees Fahrenheit. A short circuit across
this type of coll can also cause an explosion.

Mercury cells generate hydrogen gas
toward the end of their useful life. In the
steel»jacketed cell, the hydrogen can build
up considerable pressure. An explosion will
occur if this compressed hydrogen gas is
subjected to sufficient heat or to a spark.
This dangerous condition is most likely to
occur in a multi..cell battery where one or
more individual cells may be weaker than
the rest. Five recommended precautions
are as follows:

1. Never discharge a mercury-cell
battery after its terminal voltage drops to
70 percent of its nominal voltage, or when
it fails to operate the equipment in which it
is used, whichever occurs first.

2. Never place a direct short across
a mercury-cell battery.

3. Never store the equipment with a
mercury cell in it.

4. Discard dead mercury-cell bat-
teries as soon as possible.

5. Store spare mercury-cell bat-
teries in a cool, adequately ventilated area.

105

.

94

--

-



SAVE A LIFE

If you observe an accident involving electrical shock,
DON'T JUST STAND THERE - DO SOMETHING !

RESCUE OP SHOCK VICTIM
The victim of electrical shock is dependent upon you to give him prompt first aid.

Observe these precautions:
1. Shut off the high voltage.
2. U the high voltage cannot be turned off without delay, tree the victim from the

live conductor. REMEMBER:
a. Protect yourself with dry insulating material.
b. Use a dry board, your belt, dry clothing, or other non-conducting material to

free the victim. When possible PUSH - DO NOT PULL the victim free of
the high voltage source.

c. DO NOT touch the victim with your bare hands until the high voltage circuit
is broken.

FIRST AID
The two most likely results of electrical shock are: bodily injury from falling, and

cessation of breathing. While doctors and pulmotors are being sent for, DO THESE
THINGS: ,

1. Control bleeding by use of pressure or a tourniquet.
2. Begin IMMEDIATELY to use artificial respiration it the victim is not breathing

or is breathing poorly:
a. Turn the victim on his back.
b. Clean the mouth, nose, and throat. (U they appear clean, start artificial

respiration immediately. U foreign 'matter is present, wipe it away quickly
with a cloth or your fingers).

c. Place the victim's head in the "sword-swallowing"
position. (Place the head as far back as poesible so
that the front of the neck is stretched).

d. Hold the lower jaw up. (Insert your thumb between the
victim's teeth at the midline - pull the lower jaw force-
fully outward so that the lower teeth are further forward
than the upper teeth. Hold the jaw in this position as
long as the victim is unconscious).

e. Close the victim's nose. (Compress the nose between
your thumb and forefinger).

f. Blow air into the victim's lungs. (Take a deep breath
and cover the victim's open mouth with your open
mouth, making the contact air-tight. Blow until the
chest rises. U the chest does nbt rise when you blow,
improve the position of the victim's air passageway,
and blow more forcefully. Blow forcefully into adults,
and esiwt1 into children.

Let air out of the victim's lungs. (After the chest rises, quickly separate lip
contact with the victim allowing him to exhale).

h. Repeat steps f. and g. at the rate of 12 to 20 times per minute. Continue
rhythmically without interruption until the victim starts breathing or is
pronounced dead. (A smooth rhythm is desirable, but split-second timing is
not essential).

DON'T JUST STAND THERE - DO SOMETHING!

g.

106

'1

e
I

7



rx

Technical Training

ATC HO 3AOR3X020.X
Prepared by Kessler TTC

KEP-HO-108

TEST EQUIPMENT OPERATING INSTRUCTIONS

1 December 1975

AIR TRAINING COMMAND

Do:lofted For ATC Course Us*
ATC Ximmiler 6-2!04

DO NOT USE ON THE JOE

107



Radar Principles Branch
Kessler Air Force Base, Mississippi

TEST EQUIPMENT
OPERATING INSTRUCTIONS

Student Handout 3AQR3X020.X
KEP-H0-108

1 December 1975

This handout contains the operation instructions for test equipment you will use during basic
principles training, Course 3AQR3X020.X. These instructions were extracted from the identi.
fled technical orders. This training publication Is designed for principles training purposes
only; whereas the complete TO should always be used as a basic for Job performance in the
field.
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1. Multimeter AN /PSM -6 (TO 33A1-12-2-1)

2. Oscilloscope, AN/USM-398 (TO 33A1-13-451-1
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T.O. 33A1-12.24 Section I
Paragraphs 1.1 to 1.17

SUCTION I

DESCRIPTION

1.1. INTRODUCTION.

1.2. GENERAL

1-3. This technical manual comprise, the operating
Instructions for the following roultimeters manufac-
tured by Dunn -New York Industries Corporation,
New York, New York.

a. AN/P331-8, part number 58-5002A (ran 1-2)
as modified by TCTO 33A1-12-2-807 (serial numbers
below 25298)

b. AN/P3M-41, part number 58-5002B algae 1-1)
c. AN/P831-11A, part number 185 -6002 (Spire

1-3) as modified by TCTO 33AI-12-2-510
a AN/PSM-8B, part number 100 -5002 (t1Sure

1-3).

14 RELATED PUSUCATIONS.

T.0.33A1-12-2-2 Technical Manual, Service,
MULITMETER AN/POM-0,
AN/P831-11A, AN/P1131-8B

T.O. 33A1-12-2-4 Technical Manual, Illustrated
Parts Breakdown, MULTI-
METER AN/PSM-8,
AN/PS3f-SA, AN/P1121-8B

1.5. PURPOSE.

1-8. Multimeters AN/PSM-8, AN/PSId-4A, and
AN/PSM-813 are items of general purpose test equip-
ment designed to measure de and ac voltage, de
current, and resistance in the ranges most commonly
encountered In electrical equipment. The maximum
values wldch can be measured are as follows:

a. DC voltage - 5000 volts
b. AC voltage - 1000 volts
c. DC current - 10 amperes
d. Resistance - 10 megohms.

1.7. DESCRIPTION.

1-8. MULTIMETER AN/PSM-8.

1 -0. Multimeter AN/PSM5 consists of the following
items in one completely self-contained case:

a. Multimeter ME-70/PS111-8 or ME-70A/PS/4-11
b. Multirange Instrument Shunt 1011409/11
c. Test Prod WX-1410/11
d Test Adapter SIX-1411/U
e. Test Lead Set CX-2140/U or CX-2140AN.

2

1-10. 11ULTIMETER AN/PS11-8A.

1-11. Multimeter AN/PS11-8A consists date follow-
ing items In one completely self-contained case:

a. Multimeter ME-70B/P3M-8A
b. Multirange Instrument Shunt MX-1400 /U
c. Test Prod IOC-1410/U
d, Test Adapter 1fX-1411/11
e. Test Lead Set CX-2140A/U.

1-12. MULTIMETER ANIPSM-013.

1-13. Multimeter AN/PS301-8B consists of the f011Ow
ing items in one completely self-contained case:

a. Multimeter ME-70C/IRIM-48
b. Multirange Instrument Shunt 201-1400/U
c. Test Prod ME-1410/U
4. Test Adapter MX-1411/U
it. Teat Lead Set CX-2140A/U.

1-14. MULTIMETER 31Z-70/P5M-8 OR
14Z-70A/PSM-11.

1 -16. Multimeter ME-70/P1121-0 or ME-70A/PSM-8
is the basic instrument for the AN/P5111-8. Itconsists
of a 50- microampere de meter mounted on an alumi-
num panel and connectedthroughtwo multiple switches
to precision resistor circuits. All measurements are
made with the test leads connected to the two Jacks
at the bottom center of the multimeter panel and the
RANGE and FUNCTION switches set to the desired
values. The multimeter is watertight with the cover
off. The overall size of the equipment is 8 x 8-3/8 x
4-1/2 inches and the total weight is 7 pounds, 7
ounces. The minimum accuracies attained are printed
on the lid of the multimeter cover. At room tempera-
tures, the accuracy of measurement is within *3
percent on an dc ranges and*4 percent on an ac ranges
except the 0.5 volt range, which is influenced by
so arse impedance.

1-18. MULTIMETER ME-708/PSM-8A.

1-17. Multimeter ME-70B/P5M-8A is the basic
instrument for the AN/PSM-8A. It is the same as
models ME-7WPSM-0 and ME-70A/PIIM-8 with the
exception of twin a pulsed do current function in-
stead of an output function. This makes it possible
to measure pulsating do currents having high peak
values, and average values up to 1 ampere. Such
currents cannot be measured accurately with the
AN/PSM-8. The overload protective system in the
ME-70B/PSIT-4A was disabled by Safety Supplement

1 1 0
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T.O. 22A1-12.2.1

CASE PLUG

ELECTRICAL Am
CONTACT-w

PLUG "

BATTERY'
OTIO2

12.06V

BATTERY
STIOI

I.34V

14E-70A/PSIA-6
MX -140SVU

Rowe Muliknoter AN/PSA1.4 Using MulinWor MEN70A/PSIA4

TO. 33M-12-243 -24 and TCTO 33AI-12-2-510.
This modification was accomplished to eliminate apo-
tential safety basard that existed when the meter
protection relay was tripped. nigh voltage could be
present even though the meter indicated Faro voltage
and no overload indication was present.

MULTDIETER ME-70C/PS24-611.

I-10 blultimeter ILE-70C/P334-5B is the basic In-
strument for the AN/P831-13E. it IA the same as
model 31E-7013/PEIM-6A with the exception of having
the overload protective system operative. This trys-
t= is incorporated to protect the instrument against

3

damage due to incorrect settings of the RANGE or
TUNCI7014 switch or incorrect polarity of test lead
comedian. An integral OVERLOAD RESET banal is
provided to restore normal operation. This system
is capable of protecting every RANGE-FUNCTION
combination under the following maximum condi-
tions:

a. From a power source having 2000 volt* open
circuit, callable of delivering a =datum short.?
circuit current of 375 ma and a maximum surge
current of 30 amperes which decays to 400 ma
within 2 milliseconds:



T.O. 33A1424.1 Seeded 1
Paragraphs 1.20 to 121

Figure 1.2. Alvitimelor APOSAI4 Using Muldmeier Mt70/PSM4

(1) 2000 volts do applied in the forward
direction

(2) 2000 volts do applied in the reverse
direction

(3) 2000 volts ac at CO cps.
b. From a power Source not requiring the =dia-

meter to dissipate more than 750 watts of power in
any current range:

(1) 10 amperes do applied in the forward
direction

(2) 10 amperes do applied in the reverse di-
rection

(3) 10 amperes ac at 50 cps.

NOTE

Because of the variability among identical
components with respect to their ability
to withstand peak overload voltages and

4

currents, the number of overloads for
which any individual multimeter is pro-
tected will vary from unit to unit.

1-20. HANDLE.
1.

1-21. The multimeter handle has been designed to
serve a dual function. In addition to carrying or
suspending the multimeter, the handle may be folded
back and locked into the pins projecting from the
cue, as shown at the left of figure 1-4, to form
an easel support which holds the instrument at a 30-
degree angle so that it may be used more convenient-
ly on a bench or table. To loathe handle in its stowed
position, fold it over the top of the case, as shown
at the right of figure 1-4, and pull forward the bottom
of the handle hinges until a positive lock is obtained.
To unlock, push the bottom of the hinge toward
the back of the instrument.

112.
1-3



Section 1 T.O. 33A1.12.2.1
Paragraphs 1.22 le 1.23

M2-708 /PSM6A or 1411-70C/PS14-611

10E-1410/U 90C-1409!.

L

4X-2140A/U

$7010000-005

figure 14. Multienotor AN/PSM-6A Using Muftimotor ME-7011/125M-6A or Molilenoter
AN/PS/111-68 Using Mullienolor ME-70C/PSA411

1-22. MULTIRANGE INSTRUMENT SHUNT
MX-1400/U.

1-23. This shunt is supplied to extend the current
measuring range od the multimeter to a maximum of
IO amperes. It consists of two low-resistance shunt

1.4

sections within a plastic case, to be used either
for the 0 to 2.5 ampere or 0 to 10 ampere range.
The shunt, together with the other items described
below, is stowed in a compartment under the cover
lid when not in use.

1 3
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T.O. 33A1.12.2.1 Smile" I
Paragraphs 1.24 to 149

_........111L.

...

...'.1-:-

EASEL POSITION

....' % ' -....__

.....
libm,Mr

Nigro 14. Handle Positions

1-24. TEST PROD IOC-I4I0/1:.

1-25. This test prod is an external high-voltage
multiplier which extends the dc voltage range of
the equipment to 5000 volts. It is used only with the
20,000 ohms/volt do scale. The prod casing is con-
structed of plastic with a high voltage breakdown
rating, but it is not designed to be connected or dis-
connected while the source of high voltage is turned
on.

I-28. TEST ADAPTER 31X-I4I1/13.

1-27. Standard crystal =rent measurements re-;
quire a I00-ohm impedance at the terminals of
the meter circuit. The test adapter is designed to
adapt a phone plug output to the test leads of the

. multimeter, and contains a built-in resistor to pro-
vide a total meter impedance of 100 ohms with the

6

ob

\
.

,..

.......%

I.

STOWED POSITION

adapter in use.

1-28. TEST LEAD SET CX-2140/V OR CX-2I40A/11.

1-29. Pour feet of cable is used to couple the
circuit under test to the multimeter. The plugs which
connect into the meter jacks are of the interlock
OP*. To connect plug to the multimeter, slide the
front part of the plug backwards and insert the plug
into the jack. The plug will lock automatically and
cannot be disengaged until the rear portion is slid
forward to meet the front portion spin. Two de-
tachable alligator clips are burnished with the =alti-
meter for use as desired. A pair of spare plugs is
also supplied with =altimeters having serialrembers
below 25298. Instruction' for the assembly of plugs
to the leads, and also for the repair of broken leads
are provided in the Service Memel for this equip-
ment.

114
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2.1. GENERAL

3.1. OPERATING CONTROLS.

T.O. 33A1124.1 Sectiene II, Iii
Paragraphs 2.1 10 3.9

SECTION II

PREPARATION FOR USE

2-2. This section is not applicable. Refer to the
applicable section in the Service Manual.

SECTION III

OPERATION

3-2. FUNCTION SWITCH. (See figures 3.1 and 3-2.)

3-3. The FUNCTION switch is located at the lower
left of the multimeter panel and provides the means
for setting the instrument for the particular electrical
characteristic to be measured:

3-4. RANGE SWITCH. (See figures 3 -1 and 3-2.)

3-5. The RANGE switch Is located at the lower
right of the panel. Once the FUNCTION switch has
been set, the correct instrument range to provide
an accurate scale indication is set with the RANGE

.sti
. ..0

i
I I?

1

1

e

.....

r) ---
.:.t.

i

It

FUNCTION
OHMS

CONTROL
ZERO

RANGE
SWITCH SWITCH

Figure 3.1. AN/P5416 Op:toting Conr0Is
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.1 I 5

switch.

3-8. OHMS ZERO. (See figures 3-1 and 3-2.)

34. The OHMS ZERO control is located directly
below the meter on the panel, and is used only in
resistance measurements to zero the meter for
changes in range or battery voltage.

34. OVERLOAD RESET BUTTON (AN/PSNI4A
AND AN/PS14413 ONLY). (See Tiger* 32.)

3-9. The OVERLOAD RESET button is inoperative
in the AN /PSM -6A. Refer to MULTIMETER ME-
101VPS1:1-8A (Section I). The OVERLOAD RESET

1C SET SUTTON

,,:

FUNCTION
SWITCH

OHMS ZERO
CONTROL.

RANGE
SWITCH

Figure 3.2. AN/P5M.6A or AN/PSNI68 Operating
Controls

2.1/3.1
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WARNING

Section to
Peregrephs 3.10 le 3.20

button on the AN/PSM513 indicate, red when an
Overload has Occurred. The overload protective sys-
tem is reactivated by disconnecting the test leads
from,' the circuit under test and depressing the
OVERLOAD .RESET button so that the red indi-
cation diekppeare.

T.O. 33A1.12.2.1

CAUTION

Do not hold the OVERLOAD RESETbutton
during an overload condition with the test
leads connected.

3.10, OPERATING PROCEDURES.

3.11. PREUMINARY.

3-12. If the instrument has never been used before,
a battery voltage check may be made as follows:

a. Set the FUNCTION switch at OHMS and the
RANGE switch at Xl:

b. Plug the test leads into the meter jacks and
short-circuit the test lead tips together.

c. Adjust OHMS ZERO knob until the meter pointer
is exactly at zero on the OHMS scale.

d. Repeat step c with RANGE switch set at X10,
X100, X1000, and X10,000, respectively. U pointer
cannot be zeroed on all ranges, the battery voltage
is low. Instructions for replacing the battery are
foundin the Service Manual.

WARNING Deleted

3-13. DC VOLTAGE MEASUREMENTS.

3-14. DC voltages may be measured in the range
of 0 to 1000 volts at a sensitivity of either 1000
ohms/volt or a sensitivity of 20.000 ohms/volt.
The use of Test Prod MX-1410/U permits voltage
measurements up to 5000 volts at a sensitivity of
20,000 ohms/volt only. To measure de voltages in
the range of 0 to 1000 volts, the procedure is as
follows:

a. Set FUNCTION switch at OCV201( n/V or WV -
IX n/y as desired.

b. Set RANGE switch to desired range.r.eol
CAUTION 1
~...........*A

Whenever taking any unknown voltage or
current measurement, always set RANGE
switch to highest range first and then
decrease until the at range is
reached. Failure to observe this pre-
caution may result in overload and pos-
sible damage to the meter or circuit
components.

3-2 change 4 8

0. Plug test leads into meter lacks.
d. Place the test lead tip at the points between

which the voltage is to be measured, with the red
lead connected to the positive side. U the meter
detects backwards, reverse test lead connections.
310. HIGH DC VOLTAGES (to 5000V DC. 20,000
ohms /volts only),

345. For voltage* between 1000 and 5000 volts
dc, Test Prod lif)C.1410/U must be used. The pro-
cedure is as follows:

a. Set FUNCTION switch at DCV20K n/V.
b. Set RANGE switch at 500.
c. Plug test leads into meter jacks.
d. plus tip of red test lead into pin Jack end of

test prod for positive voltage. Plug lip of black test
lead into pin Jack end of test prod for negative voltage.

Be sure equipment under test is turned
off before attempting to connect test prod
or test leads.

Do not turn on until test leads are clipped
into place.

e. Connect the clip of the high voltage test prod to
the positive side of the source for positive measure-
ments, or to the negative side of the source for neg-
ative measurements. Attach an alligator clip to the
remaining test lead tip and connect it to the other side
of the voltage source, observing polarity.

f. Turn on high voltage. Read on meter. Pull
scale deflection corresponds to 5000 volts.

3-17. AC VOLTAGE MEASUREMENTS.

3-18. AC voltage may be measured in the range of
0 to 1000 volts at a sensitivity of 1000 ohms/volt.
The procedure is as follows:

a. Set FUNCTION switch to ACV-1K n/V and
RANGE switch to desired range.

b. Plug test leads into meter jacks.
c. Connect test lead tips to circuit being meas-

ured.

NOTE

The internal rectifier in the multimeter
is designed to operate at frequencies up
to approximately 1000 cycles per second.
Measurement made at higner frequencies
will, therefore, suffer in accuracy.

3-19. OUTPUT MEASUREMENTS (AN/PSM-6
ONLY).

3-20. The procedure for making output voltage meas-
urements is identical to that for ac voltage except
that the FUNCTION switch is set at OUTPUT. In

116
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this position, a one-microfarad capacitor is placed
in series with one test lead so that any do component
of the voltage being measured is blocked out. Since
the impedance of this capacitor varies with frequency,
the accuracy of any output voltage measured will
depend upon its frequency.

Any ac voltage with a de component
above 200 volts will damage this capac-
itor. For such measurements, use ac
setting and suitable external series ca-
pacitor.

3-21. PULSE DC MA (AN /PSM -6A AND AN/PSM-6B
ONLY).

3-22. The procedure for making pulsed dc current
measurements is identical to that for DC CURRENT
MEASUREMENTS except that the FUNCTION switch
is set at PULSE DC MA.

3-23. DC CURRENT MEASUREMENTS.

3-24. DC currents from 0 to 1 ampere may be
measured directly on the multisneter, and currents
up to 10 amperes may be measured with the use of
Instrument Shunt 34X-1409/U. The procedure is as
follows:

a. Set FUNCTION switch to DC MA.
b. For measurements up to 1 ampere, set RANGE

switch at desired range.
c. Plug test leads into meter jacks. Connect

other end of leads in series with circuit under test
while the power is off. Turn onpowersmd read meter.

d. For measurements above 1 ampere, connect
test lead tips to * and 2.5A pin jacks or * and 10A
pin lacks (as desired} on shunt. Connect circuit
under test to corresponding load circuit binding
posts. The RANGE switch is set at 2.5 or 10 as
required.

9

Section IN
Paragraphs 3.21 to 3.30

NOTE

Excessive contact resistance on the load
circuit side will reduce the measurement
accuracy considerably. Care should be
exercised to keep this resistance at a
minimum.

e. Turn on power and read meter. For a RANGE
switch setting of 2.5, full-scale deflectioncorrespcmds
to 2.5 amperes and for a RANGE switch setting of
10, bill-scale deflection corresponds to 10 amperes.

3-25. RESISTANCE MEASUREMENTS.

3-26. To measure resistance from 0 to 10 megohms,
the procedure is as follows:

a. Set FUNCTION switch at OHMS.
b. Set RANGE switch at proper multiplier so that

estimated value of resistor to be measured will fail
In the right hand portion of the ohmmeter scale.

c. Plug test leads into meter jacks.
d. Short circuit the free ends of the test leads.
41. Adjust OHMS ZERO control until meter pointer

reads zero on the OHMS scale. This adjustment should
be repeated each time the RANGE switch setting is
changed to obtain maximum accuracy of measurement.

f. Clip the test lead ends across the resistance
to be measured. Read resistance on OHMS scale.

3-27. 100 - MICROAMPERE SPECIAL.

3-28. . With the FUNCTION switch set at 100 fi A
SPECIAL and the RANGE switch in any position, the
wattmeter becomes a 0 to 100 microampere dc micro-
ammeter measuring the current in series with the
test leads.

3-29. CRYSTAL CURRENT MEASUREMENTS.

3-30. To make standard measurement of crystal cur-
rent, Test Adapter MX-1411/U is used as follows:

a. Set FUNCTION switch to DC MA.
b. Set RANGE switch to 2.5.
c. Plug test leads into meter jacks and connect

test lead tips to pin jacks on adapter.
d. Connect phone plug to test circuit and read

current on 2.5 milliampere scale.

3-3, 3.4
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SECTION IV

OPERATION INSTRUCTIONS

4.1. GENERAL.

4.2. This section contains theory of operation and
operation instructions for the AN/USM-398, Detailed
test procedures are contained in Section V.

4.3. THEORY OF OPERATION.

4-4. The theory of operation for the AN/USM-390
is covered by a block diagram (figure 4-1) and by
functional diagrams (figures 4 -2 and 4.3). The as.
soclated descriptions are contained in the paragraphs
which follow.

4.5. CHANNEL 1 AND 2 Y INPUT ROUTING. (See
figure 4.1.) The CHI and CH2 If Input signals are
applied to corresponding attenuators, either directly
or through the voltage divider probe supplied with
the probe kit. Use of the probe does not Load the
circuit under test but does divide the input voltage
by a 10 to 1 ratio. The attenuators provide additional
signal attenuation, coupling selection, attenuator
compensation, and input capacitance adjustments.
The output of each attenuator is applied to a balanced
two-FET input amplifier which provides a signal gain
of unity and a high input impedance. The step atten-
uator balance adjustment is performed in the input
amplifier.

4-8. Separate preamplifiers for each channel provide
the gain required to drive the Y output amplifier
through the channel switch, buffer amplifier, and
delay line. By means of balanced !sillier cable delay
line DL1, the input signals are delayed 150 ns to
allow the timebase circuits sufficient time to respond
to internal trigger signals and permit display of the
entire input signal on the CRT screen. The C112
preamplifier includes a reversing switch designated
PULL TO INVERT C112, which permits a reversal
of C112 display polarity. The CH2 input is also routed
to the C112 output amplifier before reaching the dials.

W

nel switch. This provides an output of the CH2 signal
w at front panel connector J5.

4.7. DISPLAY CONTROL. The AN/USM-3911 is
capable of operation in three vertical modes. These
are listed below, along wtth their variations.

1. Single-trace mode, displaying either of the
following:

a. CHI only, in the normal polarity (positive
signals deflect up on the CRT)

T.O. 33A1.13.451.1

b. CH2 only in either normal or inverted
polarity (depending on the setting of the PULL TO
INVERT CH2 switch)

2. Dual-trace mode, displaying both channels at
once in either of the two following forms:

a. CH1 with CH2 normal (positive up)

b. CHI with C/12 Inverted (negative up)

Channel switching between the two channels may
take place either synchronously, with alternate
sweeps, or asynchronously, at a 400 -kits chop rate.

3. Added (CHI di CH2) mode, in which the
two channels are combined algebraically to produce
a single trace display representing either of the
following:

a. Oil + CH2

b. CHI - CH2

4-8. These three display options are available with
the X deflection controlled either by the internal
timebase circuits (TIME /CM switch positions .5 uS
through 1 SEC) or by an external source (TIME/CM
switch positions EXT X and X). The selection
of which channel information Is to be displayed on
the CRT at any given time (CHI and/or C/12) is
determined by the CHI and CH2 steering inputs
developed by the channel switch multivibrator (MV).
When active, each of these steering inputs causes
the signal from the associated channel to pass through
the channel switch and be applied to the buffer am.
patter. In producing the steering inputs, the channel
switch MY is programmed by the 011 and CH2
selector switches (which are ganged with the re-
spective position controls), the TIME /CM timebase
switch, the SEPARATE - an as CH2 Mad, switch,
and the channel switching pulses provided by the chop
MV. As noted in the preceding paragraph, channel
switching can occur either synchronously, alternating
with successive sweeps (alternating mode), or asyn-
chronously, with the chop MV free-running at 400
kHz (chop mode). This eetectlon of the mode at
channel switching is available for all dual-trace op-
eration, whether horizontal deflection is controlled
internally or externally. Pbr most purposes, the
alternate mode of channel switching Is used. The
chop mode is used only to prevent flicker in the dis-
play. Consequently, use of the chop mode should be
restricted to TIME/CM switch settings of 1 mS
through 1 SEC.

///
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4-0. The channel switch MV selects CH1 and/or
CH2 in one of the four following modes:

1. In the single trace mode, the channel switch
MV is held in either the set or reset state, causing
either CH1 or CH2 to be selected continuously.

2. In the dual trace mode, the channel switch
MV is made tastable, causing the channel selection
to switch from one channel to the other as each chan
All switching pulse is received from the chop MV,
As stated previously, channel switching can occur
either asynchronously, at the 400 -kits chop rate, or
synchronously, at the sweep rate,

3. In the combined or CH1 & CH2 mode, both
CHI and CH2 are made continuously active. The
CHI and CII2 information ie thus added or subtracted
(depending on the PULL TO DIVERT CH2 switch
position) and displayed as a single trace.

4. In the X-Y mode, as in the singls-trace mode
for CH2, CH2 is selected continuously while the
selection of CHI is Iodate out. In this mode, only
CH2 supplies Y deflection information while CH1 is
ueed in place of the sweep circuits to develop the X
signal for the X output amplifier.

4-10. As noted in the preceding paragraph, channel
switching, 'during dual-trace operation, is initiated
by channel switching pulses produced by the chop
MV. The chop MV also provides chop blanking
pulses which blank out the CRT beam while it is
moving between the two traces. In producing the
channel switching and chop blanking pulses, the chop
MV is programmed by the CH1 and CH2 selector
switches (ganged with the vertical position controls).
the TIME/CM timebase switch, the ALT-CHOP mode
switch, and the end of the sweep gate pulses from the
timebase MV. The chop MV generates channel
switching and chop blanking pulses in one of the two
following basic modes:

1. In the alternate mode, the chop MV is made
mcsoetable, causing one channel switching/chop
blanking pulse to be generated with each end of
sweep gate pulse received from the timebase MV
at the end of the sweep. This causes the switching
of channels to he synchronized with the end of
each sweep.

2. In the chop mode, the chop MV Is made free-
running, causing channel switching/chop blanking
pulses to be generated asynchronously at a nominal
400-kHz rate..

4-11. Single-Trace Mode. With the SEPARATE -
CH1 & CH2 switch in the SEPARATE position, the
TIMM/CM switch in any but the X-Y position, and
with one (and only one) of the CH1 and C112 selector
switches set to its active position (i.e., out the OFF
detent), selection of the associated channelisunlock-
ed in the channel switch MV. The other channel re-
mains locked in the unelected (OFF) posit:ice. This
prevents the switching of channels by the channel

CS

4-2

switching pulses from the chop MI/. Although nei-
ther channel switching nor chop blanking pulses are
required for single-trace operation, the chop MV
is caused to operate in the alternate mode by the en-
able alternate mode input produced when one of the
CHI, CH2 selector switches is In the OFF position.
As previously noted, the channel switching pulses
from the chop MV have no effect on the channel
switch MV when the latter is in single-trace mode.
Furthermore, since only one channel is involved, the
chop blanking pulses in this mode simply reinforce
the sweep retrace blanking on the CRT.

4.12. DualTrace Mode. With all switches set as
previously described but with both the CH1 and CH2
selector switches set to their active positions (1.e.,
neither switch in the OFF detent), the selection of
both channels is unlocked. However, since the chan-
nel switch MV operate* as a bistable device in this
mode, only one of the two channels will actually be se
laded at any given instant. The selection alternates
with each channel switching pulse received from the
chop MV. In this dual trace mode, channel switching
and chop blanking occur as specified by the positioning
of the CHOP-ALT switch, exceptwhentheTIME/CM
switch is in the EXT X position. In this position, the
sweep circuits are not triggered, the horizontal (X)
deflection of the display being controlled by an en
tarsal source. The resulting absence of the end of
sweep pulses makes alternate operation of the chop
MV impossible and the free-running or chop mode
must be forced. This is done by interrupting the -15.
volt supply to the CHOP-ALT switch when the Tom/
CM switch is in the EXT X position.
4-13. Added (C111 & C112) Mode. Switching the
SEPARATE - CH1 & CH2 switch to the CH1 & CH2
position while retaining all other switch settings will
force both the CH1 & CH2 outputs of the channel
switch MV to become active together, thus select-
ing both channels simultaneously. As noted before,
the result of this dual channel selection is a contin-
uous summing, in the buffer amplifier, of the input
amplitude of CH1 with either the normal or inverted
signal Input amplitude of CH2. As previously noted,
this CH2 polarity is under control of the PULL TO
DIVERT CH2 switch. The output from the CH1 &
CH2 position at the SEPARATE CH1 & CH2 switch
is also applied to the chop MV to force alternate op-
oration. Thus, in this mode (as in the single trace
mode) the choiblanidng reinforces the timeline* re-
trace blanking of the CRT.

4-14. X-Y Mode. With both channels unlocked by
the CH1 and CH2 selector switches and with the
SEPARATE - CH1 & CH2 switch returned to the
SEPARATE position, setting the TIME /CM switch to
its X. position will force a selection of CH2 for the
Y input, while locking out the selection of CH1. In
this mode. Clil is used to supply the X input. Since
this mode uses only a single trace, neither channel
switching nor chop blanking pulses are required.
Consequently, the chop MV is left idle. The -15-
volt supply routed through the X-Y position of the
TIME/CM switch prevents chop operation by forcing
alternate operatics. However, alternate operation
does not occur since, in the absence of a trigger in-
put. no end of sweep pulses are present.
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4-15, DetaliedCircult Operation. (See figure 4.24
The detailed circuit operation of the display control
circuits is given in the following paragraphs. These
descriptions consider as separate entitles the chop
MV, the channel switch MV, and the channel switch.

4.18. The chop MV contains transistors Q401 and
Q402, In the chop mode, these operate as an emitter
coupled astable MV whose frequency of 400 kHa is
determined by the values of capacitor C406 and
resistors R405 and R412. The circuit acts as a
monostable MV when the alternate mode of channel
switching is used. In the alternate mode, the circuit
produces one pulse per timebase sweep ae initiated
by the end of sweep gate pulse.

4-17. When, during one of the operating modes de-
scribed in the preceding paragraphs, the chop MV
le put into the alternate mode, a -15-volt signal is
supplied to the chop MV by one of the switch posi-
tion combinations associated with the active mode.
This -15-volt level coupled through resistor R406In-
creases current through transistor Q401 and cuts off
transistor Q402. The emitter of transistor Q402 is
prevented from going as negative as the base by
diode CR401 which is reduced to a fixed voltage de-
termined by resistors R410 and R411. The negative-
going end of sweep gate pulse thus finds the circuit
in a monostable condition which it triggers and pro-
duces a high amplitude pulse at the collector of tran-
sistor Q402. This pulse is nominally leas than 1 us
in duration and is used to trigger the channel switch
MV and blank the CRT trace while the channel
ewitch is dynamically active. Two outputs are taken
from the collector of transistor Q402. One is routed
as a chop blanking pulse to the CRT. The other ie
attenuated by resistor R409 and then fed as drive to
the channel switch MV.

4.18. The channel switch MV circuit contains
transistors Q407 and Q408 which, in the dual-trace
mode, produce a 4- 2 function when driven by the
channel switching pulses from the chop MV. The
input trigger from the chop MV is steered to the
respective base by diodes CR403 and CR405.

4-19. The 2 operation is a function of the settings
of the CH1 and CH2 selector ewitchee. For dualtrace
operation, neither the CH1 nor CH2 switch may beat
the OFF setting and input resistors R452 and R454 of
the channel switch MV are connected via the selec-
tor switch (ganged with each CH1, CH2 position con-
troll to -15 volts. As a result, diodes CR402 and
CR406 are cut off and the circuit is unlocked, allow-
ing it to operate in the 2 bistable mode.

4-20. U the CH1 selector on the position control is
set to OFF, the -15 volts is disconnected and current
flows into the base of transistor Q407 via resistor
R429 and diode CR402. This iocksthe channel switch
MV and biases it into the conditionrequired for sin-
gle trace CH2 operation. The circuit is similarly
locked and biased if the CH2 selector switch is set to
OFF with the collectors of transistorsQ407 and Q408
(which steer the respective channel ewitches) at
opposite levels from those found in CH1 OFF mode,

4-21. U both CHI and CH2 selector switches are
set to OFF, diodes CR404, CR407, and CR220 and
resistors R322 and R321 apply a poeitivebase bias to

1*.
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transistors Q401 and Q408. This ensures that both
channels are locked in the unselected state, In the
CHI & C112 mode, resistors R459 and R470 are con-
nected to -15 volts. These cut oft both transistors
Q407 and Q408, which in turn cause the channel
switch to switch on both channels simultaneously to
provide channel summing. The SEPARATE CH1 &
CH2 switch (825) also selects the appropriate opera-
ting bias for the buffer amplifier. .

4-22. The channel switch consists principally of
eight diodes CR203 through CR2i0 and is used to im-
plement the channel selection established by the
channel switch MV. When the CH1 steering input
from the channel switch MV is positive, diodes
CR203 and CR205 art cut off, permitting the passage
of the balanced output from the CH1 preamplifier
through diodes CR204 and CR206 to the buffer ampli-
fier, When the CH1 steering input is negative, diodes
CR203 and CR205 conduct and diodes CR204 and
CR206 are cut off, blocldng passage of the signal to
the buffer amplifier. A similar action occurs in the CH2
section of the channel switch. The passage or blocking
of eignals by these two channel steering inputs makes
possible the display modes described earlier.

4-23. TRIGGER CIRCUITS. (See figure 4-1.) In
all timebase positions of the T114E/CM switch (.5 uS
through 1 SEC), synchronization of the display is es-
tablished through use of a trigger signal. This trig-
ger signal is normally derived from either CH1 or
from CH1 and CH2. It may also be derived from the
line power or an external source. Following pro-
cessing, the completed trigger signal is used within
the sweep circuits to fix the point on the trigger
waveform at which each sweep begins.

4-24. Trigger Selection. The type of trigger to be
used is selected on TRIG SELECT switch 55. For
moat operating conditions, one of two internal trig-
ger sources is used. These are represented on the
TRIG SELECT switch by the positions designated
CH1 (a trigger derived from the CH1 preamplifier)
and CHI & 2 (a trigger derived from the composite
CH1 and CH2 information, available at the output of
the buffer amplifier). The CH1 & 2 position permits
an alternating synchronized display of two signals
having different frequency and phase. It may also be
used for triggering from CHI or CH2 when either of
these is selected for a single-trace display. indual-
trace displays, use of the CH1 & 2 position of the
TRIG SELECT switch must always be accompanied
by alternate mode operation of the chop mv. This
ensures stable triggering of the timebase by avoid-
ing interference from chop switching transients.
These transients are always present in the buffer
amplifier when channel switching is being carried
out in the chop mode.

4-25. Selection of line or external trigger is not
covered at the block diagram level but is described
in the detailed circuit operation, paragraph 4.29.

4-26. Trigger Processing. Following amplifica-
tion and switching, the selected trigger is compared
in level with a level established by the setting of
LEVEL control R17, established manually by the op-
erator when the control is out of theAUTOdetent.
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The LEVEL control enables the operator to choose
the point on the trigger waveform at which the sweep
will begin. This Is the point at which the Schmitt
trigger, which is used to shape the trigger signal,
will fire. When the LEVEL control is turned to the
AUTO detent, ganged switch Se opens and the trigger-
ing operation becomes automatic.

4.27. In the AUTO position, the LEVEL control
causes abright trace to be produced when the trigger
signal is lost, repeats at lass than40 Hz, or becomes
unreliable during AUTO operation. This is done by
applying an auto control signal to the bright line
auto circuit, which then commands the sweep to
free-run at its maximum repetition rate.

4.29. In addition to the trigger sources described
in the preceding paragraphs, it is, also possible to
operate the AN/UM-395 on either an external trig-
ger or on a trigger derived from the line power.
These additional options are described in the follow.
ing paragraph covering detailed circuit operation.

4-29. Detailed Circuit Operation. (See figure 4-3.)
The trigger selector switch has 9 settings as follows:

LINE
CH1
Cli&2
EXT
FREE RUN

+ or
+ or
+ or -
+ or -

4-30. On TRIG SELECT switch S5A rear, four po-
sitions corresponding to the + and - functions of CH1
and all 1,2 are utilized to allow a common ampli-
fier for the associated internal trigger signals. This
internal trigger amplifier operates in a grounded
emitter configuration with negative feedback.' The
output of the internal trigger amplifier is connected
to TRIG SELECT switch S5A front, as is a line trig-
ger, derived from a winding on the power supply
transformer, and an external trigger connection, ap-
plied from the front-panel EXT TRIG connector .13,
via the RC network of R15 and CZ. This network
attenuates the input level of the external trigger sig-
nal to effectively increase trigger LEVEL range for
external signals and to permit the safe handling of
large amplitude external trigger inputs.

4-31. The wiper of TRIG SELECT switch S5A front
connects the selected trigger source to AC-ACF-DC
switch 37 on the front panel. At the AC setting of the
switch, the trigger signal is capacttvely coupled via
capacitor 0230 to the base of emitter follower ampli-
fier Q220. The low frequency cutoff in this position
is nominally 50 fie. At the ACE setting, however,
capacitor C9 and resistor 8275 function as an RC
trigger coupling high -peas filter, which - attenuates
low frequencies below 50 kHz. In this way, high fre-
quency triggering pulses can be separated from a
complex signal having unwanted low frequency com-
ponents such as power supply hum. Finally, when the
DC setting of switch 37 is selected, the trigger signal
is coupled directly to emitter follower Q220, which,
in turn drives emitter follower Q227. Complete In-
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structions for appropristo use of the AC-ACF-DC
switch are contained In paragraph 4.59.

4-32. In the manual position, switch S5A of the
LEVEL control causes the output of emitter follower
Q227 to be directly coupled to the wiper of TRIO
SELECT switch 11513 front through zener diode.
CR222 and CR225 and through diode CR221. This
switch wafer eupplies the signal input to the differen-
tial amplifier made up of transistors Q222 and Q223,
which is a comparator stage. The reference (LEVEL)
input is coupled to the comparator through switch
wafer 8513 rear and bypassed to ground through ca-
pacitor C10. In the manual mode, LEVEL switch SSA
is closed, causing diode CR222 to conduct and diode
CR225 to develop its :emir voltage. The cathode of
coupling diode CR221 is thus at approximately 3.9
volts with respect to its anode while the zener diode
CR225 is conducting in the forward direction. At
this voltage, diode CR221 conducts, providing a de
path. In the AUTO mode, LEVEL switch S5A is open,
diode CR225 conducts and develops its zener voltage.
With approximately 43.9 volts across diode CR225
and with diode CR222 conducting in the normal for-
ward direction, diode CR221 is reveree-blased. The
trigger circuit is then ac coupled through capacitor
C229 when the LEVEL control is in the AUTO posi-
tion.

4-33. The front and rear wafers of TRIG SELECT
switch 2513 provide a means of inverting the trigger
signal. For any type of trigger selected (except
FREE RUN), two positions are provided: + and -.
Each such position pair has reversed connections for
the signal and level reference inputs. Thus, the de-
termination is made whether the Schmitt trigger is to
fire during a positive or a negative slope of the trig-
gering signal.

4-34. Within the polarity thus selected, LEVEL
control potentiometer R17 fixes the point at which the
Schmitt trigger fires by comparing the trigger signal
to the de level at the reference input of the differen-
tial comparator amplifier. This, in turn, changes the
input level applied to the Schmitt trigger and thus
causes it to fire earlier or later during the waveform,
depending on the direction of the manual adjustment
of the LEVEL control.

4.35. The output of the differential comparator
amplifier is applied via diode CR215 through both a
dc- coupled path (resistors 8295 and 8295) and an ac-
coupled path (capacitor C230). In the manual mode,
with LEVEL control switch Se closed, the de-coup-
led path carries the de level imposed on the differ-
ential comparator amplifier output by the setting of
LEVEL control potentiometer R17. In the AUTO
mode, LEVEL control switch 25B is opened and only
capacitive coupling exists between the differential
amplifier and the Schmitt trigger. In this condition,
the Schmitt trigger becomes astable and will lock
onto any trigger signal having a repetition frequency
greater than its natural astable frequency of (nom-
inally) 13 Hz.
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4-36. SWEEP CIRCUITS. (See figure 4-1.) The
sweep circuits provide the voltage required to con.
trol the horizontal deflection of the CRT beam. The
sweep circuits may be operated as a linear timebase
in a triggered sweep mode, using either internal or
external signals to provide the synchronizing trigger.
They may also be operated in an X amplifier mode,
in which the X deflection is established by external
input signal, just as the Y deflection. The mode of
operation is selected principally by means of TIME/
CM switch SS, which selects the timebase in all po-
sitions except the EXT X and X-Y positions. In these
two positions, X amplifier input operation is selected.

4-37. Triggered Sweep Mode. With the desired
trigger source selected through TRIO SELECT switch
55, the level adjusted trigger output of the main trig-
ger amplifier and switching is shaped by the Schmitt
trigger. Provided a sweep retrace hold-off period is
not in progress, the leading edge of the shaped trig-
ger sets the timebase MV, enabling the bootstrap
ramp generator to begin a single sweep ramp. The
ramp output is applied through the RC sweep timing
network which fixes the ramp speed. The ramp speed
desired by the operator is chosen by positioning the
TIME/CM switch to one of the 20 timebase positions
(.5 uS to 1 SEC). The sweep speed is expressed as
the period of time required to move the CRT beam 1
cm in the X direction on the CRT screen. When the
sweep reaches its peak voltage, the turn-off bias is
reached. causing a reset signal to turn off the time-
base MV. This discontinues the enable signal to the
bootstrap ramp generator, thus causing the retrace
of the sweep ramp to begin. A hold-off time constant
is generated during the retrace of the sweep ramp.
This hold-off constant is tracked with the RC time
constant of the linear sweep ramp to assure that the
hold-off time is greater than the RC time constant
for the sweep retrace. The hold-off voltage is ap-
plied as a trigger look-out bias of the input of the
timebase MV to prevent retriggering of the timebase
until the sweep has come fully to rest at its starting
point. When the reset signal terminates, the time-
base MV is once again released and can be turned on
again by the next trigger to start the next sweep.
The ramp output thus produced is amplified by the X
output amplifier and applied to the horizontal de.
flection plates of the CRT.

448. The range between each pair of timebase po-
sitions is bridged by TIME /CM VARIABLE control
R28. This control is continuously variable and pro-
vides a 3-to-1 range of decrease in the selected
sweep range selected on the TCiE /CM switch.

4-39. To ensure a bright trace when the trigger is
lost or becomes unreliable during AUTO operation,
the bright line auto sync circuit causes the timebase
MV to free run by removing its bias. Free run op-
eration can also be manually ordered by setting the
TRIO SELECT switch to the FREE RUN position.
The FREE RUN sweep can not be synchronized. Thip
mode is provided primarily to maintain a free-run-
ning base line or display.

4-40. At the end of each sweep, the amebae, MV
sends out an end of sweep gate pulse. This pulse

4-8

extends through the sweep retrace and hold-off
period, during which time the timebase MV is in the
reset state. During the alternate mode of channel
selection, the leading edge of this end of sweep gate
pulse is used to switch the channel selection by trig.
gering the monostable chop MV, thus reversing the
stale of the channel switch MV. The end of sweep
pulse alio blanks out the CRT beam during the sweep
retrace and while it is resting at the left edge of the
CRT screen awaiting an initiating trigger.

441. Through the PULL X10 MAO switch (59), the
time/cm value associated with a given sweep speed
can be increased to one-tenth the selected speed.
This magnifies the display along the X axis and about
the center of the graticule without altering the sweep
period. .The PULL X10 MAO switch achieves this
effect by increasing the calibrated gain of the X out-
put amplifier by a factor of 10. This X10 gain factor
is also effective in magnifying the display during
EXT X mode operation but is inoperative in the X-Y
mode.

4-42. X Amplifier Mode Operation. In either the
EXT X or X-Y positions the TIME/CM switch routes
a -15V locking signal to the timebase MV, fixing it
in its on state to intensify the CRT beam. At the
same time, the R/C timing network is switched out
of the circuit and replaced with the EXT X or CH1 in-
put. These X input eipals are applied to the boot-
strap ramp amplifier. This converts the bootstrap
ramp generator to a conventional linear amplifier and
buffer for the X output amplifier. The X-Y display
mode provides equal sensitivity (5 mV/cm) X-Y op-
eration with full step and vernier attenuator capabil-
ity. EXT X mode makes use of the X10 magnifica-
tion gain control and permits the display of both
channels against the EXT X input signal with alI
options. That is:

CH1 only
4CH2 or -CH2 only
CH1 and *CH2 in dual trace (chopped or al-

ternate channel switching)
CH1 *CH2 (algebraically added or subtracted)
CH1 and CH2 cascaded

4-43. ADDITIONAL CIRCUITS. Not shown on the
block diagram (figure 4-1) or on the functional dia-
grams (figures 4-2 and 4-3) are the circuits associa-
ted with the BEAM FINDER switch (351), the CAL1V
output connector (J7), the NORMAL INTERNAL-EXT
Z MOD switch (311), and input connectors (J8 and
J9). These are described in the paragraphs which
follow. The related circuits may be found on the
referenced schematics.

4-44. BEAM FINDER Switch. (See figures 8-4 and
6-5.) The BEAM FINDER switch reduces beam de-
flection to a email window on the CRT. This makes
the beam visible regardless of other control settings.
BEAM FINDER switch section SS1A is shown on the
timebase and X amplifier circuit (figure 8-4). In this
circuit, depressing the switch acts to reduce the out-
put current of the X amplifier. BEAM FINDER
switch S51B is shown on the Z beam switching and Y
output amplifier circuit (figure 6-5). In this circuit, the
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switch acts to reduce the output otthe If amplifier. To.
(ether, these two effects restrict the be to the if ore-
mentionedwindow on the CRT. Attheesme time,
REAM FINDER switoh section 1161A supplies an output
tothe blanidng amplifier lathe power supplies and CRT
circuit (figure 0-0) where it inhibits retrace blaiiking.
4-46. CAL IV Output Connector. Mee figure 0-84
The CAL IV output connector provides a calibrated
1 volt, 1 kHz, square wave output which can be used
to adjust the oscilloscope for vertical sensitivity and
probe compensation. This calibrated output is used
only for basic checks in the absence of more elabor-
ate test equipment and Is calibrated into a 100-kilohm
load. The source impedance of the internal calibrator
Is less than or equal to 1 kilohm,
4-40. NORMAL INTERNAL-EXT Z MOD switch.
(Bee figure 0-0.) The NORMAL INTERNAL-EXT Z
MOD switch permits the chop blanking of the CRT to
be controlled either internally, from the chop MV,
or externally from an outside source. In the EXT Z
MOD position, the external source is supplied through
input connectors J8 and J9 to, respectively, the high
and reference sides of the input.
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4-47. OPERATION INSTRUCTIONS,

4-46. CONTROLS, INDICATORS, AND CONNEC-
TORS, All operating controls, indicators, and con-
sectors on the front panel of the AN/C8M398 are
described in table 4 -1 and shown in figure 4-4.
Controls and connectors on the rear panel are de-
scribed in table 4-2 and shown in figure 4-6.

NOTE

The red-capped knobs on all con-
centric controls are to be read
against the red panel marking
informatics.

Channel 2 controls which are dupli-
cates of channel I controls are not
listed in table 4-1.

4-49. PREOPERATIONAL ADJUSTMENTS. To
place the AN/WM-396 into operation, perform the
procedures given in the following paragraphs.

Figure 4,4. AN/USM-398 Front Panel Controls, Indicators, and Connectors

4-9
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Table 4-1, AWUSM -39$ Front Panel Controls, Indicators, and Connectors

FIG.
4-4

CONTROL/INDICATOR/
CONNECTOR

SCHEMATIC
DESIGNATION FUNCTION

1 SCALE ILLUM R37 Adjusts brightness of CRT graticule back-
ground illumination. Turns power off in
POWER OFF detest.

2 CATHODE RAY TUBE VI Visually displays signals applied to vertical
and horizontal amplifiers.

3 FOCUS R39 Adjusts sharpness of display.

4 ASTIO R38 Adjusts roundness of trace spot.

5 INTENSITY R41 Controls brightness of display.

6 INCA L D8100 Lights when TIME/CM VARIABLE control
(7) is not in CAL position.

.

7 TIME/CM (outer knob) $6 Selects horizontal sweep speed. Determines
time required to sweep horizontal one grat-
icule division. By pulling PULL X10 MAO
knob (8), display can be expanded by 16, in-
creasing fastest sweep to 50 its/cm.

When it to EXT X selects horizontal con-
trol by external signal applied to EXT X BNC
input jack (11).

When set to X-Y selects horizontal control
by external signal applied to channel 1 BNC
input jack (marked X) (22).

7 VARIABLE (inner Imob) R28 Provides continuous and overlapping adjust-
ment of sweep speed between calibrated po-
glib**, of TIME /CM outer knob. Calibrated
to TIME /CM position when set fully clock-
wise to CAL detest position. Turned
counterclockwise, sweep speed decreases;
however, TIME /CM readings are uncalibrated.

8 4i o iter knob) R27 Provides coarse adjustment of horizontal
position of display.

e (inner R28 Provides fine adjustment of horizontal po-
eitiOn of display.

4.p knob)

e PULL X10 MAO (inner knob) 59 In pulled-out position, causes magnification
of horizontal sweep or EXT X signal by
factor of 10

9 CAL 1V .17 Test point provides 1-kHz square wave at 1
volt p-p amplitude. Maybe used for vertical
sensitivity calibration and divider probe
compensation.

4-10
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Table 4-1. AN/USM-390 Front Panel Controls, Indicators, and Connectors (Cont)

FIG.
4-4

CONTROL/INDICATOR/
CONNECTOR

SCHEMATIC
DESIGNATION FUNCTION

10 BEAM FINDER S51 Reduces gain of deflection amplifiers, thus
limiting beam deflection to within the CRT
'reticule. Also operates on blanking ampii-
fier to release sweep retrace blanking.

NOTE
Make sure INTENSITY control
(5) la turned up high enough to
make beam visible when using
BEAM FINDER.

II EXT X J5 Connector for an external horizontal input.

12 TRIG SELECT (outer knob) 55 Se lecte source of Wattlese trigger signal
as follows:

LINE - Pickett from ac line voltage,
positive or negative slope.

CH1 - Plckoff from CH1 vertical
amplifier signal, positive or
negative slope.

CHI & 2 - Pic kali from the displayed com -
posite vertical deflection signal,
positive or negative slope. (Not to
housed in CHOP mode.) Use with
ACF and DC trigger coupling.

EXT - Pickoff from external. trigger
applied to EXT TRIG jack
(13), positive or negative
slope.

FREE RUN Sweep recurs at maximum
repetition rate and with speed
set by the TIME /CM switch.

12 LEVEL (inner knob) R17, Re Selects point on amplitude of trigger signal
that starts sweep. In AUTO position, sweep
synchronizing triggers are produced auto-
matically when signal exceeds 40-11z rep-
etition rate and exceeds minimum level. In
absence of trigger signals, sweep runs free
to produce bright line.

13 EXT TRIG Connector for external trigger signal.
14 CHOP-ALT switch S98 Selecte display switching mode for dual trace

vertical deflection.

ALT - CH1 and C712 alternate with
each sweep. Used for nor-
mal dual trace displays.

4-11
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Table 4-1. AN/USM-398 Front Panel Controls, Indicators, and Connectors (Cont)

FIG.
4-4

14(Cont)

15

16

17

18

19

20

20

21

22

23

CONTROL/IND1CATOW
CONNECTOR

SCHEMATIC
DESIGNATION N FUNCTION

AC-ACF-DC (Trigger
Coupling)

PULL TO INVERT CH2

SEPARATE - CHI & CH2

Y (CH2 input)

UNCAL

CHI VOLTS/CM
(outer knob)

CHI VARIABLE (Inner knob)

CHI AC-GND-DC
anput Coupling)

X (CHI input)

CHI

57

S15

S25

J2

DS101

52 (CHI)
S4 (CH2)

508 (CHI) R11
$97 (012) R12

Si (CHI)
S3 (CH2)

J1

S13, R13
(CHI)

S14, R14
(CH2)

CHOP - CHI and CH2 alternate at
400 kHz. Used only when
comparing signals on long
time bases (slower than
1 ms/cm). Never used with
CHI & 2 trigger selection.
Never used with timebase
sweeps faster than 1 ms/cm.

Selects capacitive or direct coupling of
trigger signal. Direct coupling (DC) is
normally used for slow or erratic sync
signals. Capacitive coupling (AC) blocks
dc component but attenuates signals below
50 Hz. Fast capacitive coupling (ACT)
attenuates signals below 50 kHz and is used
to block unwanted low frequency components
of the trigger signals.

Selects polarity for C112 display, In pulled
out position inverts CH2 polarity.'

Selects mode for display of vertical deflection
channels, separate or added.

Connector for CH2 vertical Input signal.

Lights when either VOLTS/CM VARIABLE
control (20) Is not In CAL position.

Selects channel 1 vertical deflection factor
for calibrated measurements.

Provides continuous uncalibrated adjustments
between calibrated positions of outer knob.
Calibrated to VOLTS/CM positions when set
fully clockwise to CAL detent position.

Selects capacitive (AC) or direct (DC)
coupling of Input signal; or grounds (GND)
the amplifier stages and disconnects the
Input to establish display reference of
ground on the CRT graticute.

Connector for CHI vertical Input signal and
for horizontal input signal when TIME /CM
switch (7) is set to X-Y position.

Adjusts vertical position of C111 display.
Switches C111 off when in on, detent.

4-12
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Table 4-1, AN/USM-398 Front Panel Controls, Indicators, and Connectors (Cont)

FIG.
4-4

CONTROL/INDICATOR/
CONNECTOR

SCHEMATIC
DESIGNATION FUNCTION

24 BAL R5, RIO Adjusts to minimize vertical position change
when rotating volts/cm switch.

25 C112 OUT .15

.

Connector for output of 012 vertical sunpli-
tier signal.

26 Y CAL R470 Provides adjustment of vertical sensitivity
for both channels.

27 Power . D31 Lights when operating line power Is applied.

Probe trimmer screw
adjustment (not shown)

C32 Adjusts frequency compensation of attenuator
probe.

t .

Table 4-3. AN/USM-398 Rear Panel Controls and Connectors

, .
...

FIG.
4-5

.

CONTROL/CONNECTOR
SCHEMATIC

DESIGNATION FUNCTION.

1 IA (fuse)

.

Fl Prodam soscilloscope power line from over-
load

XF1 Holds fuse.

2 NORMAL INTERNAL S11 Selects source of Z modulation signals for
- EXT Z MOD CRT. In NORMAL INTERNAL position,

chop MV circuits of oscilloscope provide
chop blanking pulses. In EXT Z MOD
position, an external source provides
brightness modulation pulses via EXT Z
MOD connector (3).

3 EXT Z MOD .18, .19 Connectors for input of external blanking
information to the CRT. Used when NORMAL
INTERNAL - EXT Z MOD switch (2) is in
EXT Z MOD position.

4 TRACE ROTATION R633 Permits angular adjustment of CRT trace
with respect to the coordinate axes of the
internal grattcule.

5 115V-230V 512 Matches power transformer primary of
AN /USM$98 power supply to available line
voltage.

is

4-13
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Figure 4-5, AN/USM-398 Rear Panel Controls and Connectors

4-50. Power Connection. The power requirement
for the AN/USM-398 is 115/230 volts ac *10%, 48 to
420 Hz, single phase. To connect power, proceed
as follows:

CAUTION

The AN/USM-398 relies on convection cooling
and must always be operated with reasonable
air circulation.

1. Determine the line voltage and net the recess-
ed 115V-230V slide switch on rear panel (using small
screwdriver) as follows:

Line Voltage Switch

CAUTION

Check to be certain that the 115/230 volt
switch is set for the appropriate input volt-
age. Incorrect setting causes malfunction
or damage to the instrument.

NOTE

Although the AN/USM -398 is normally wired
with the primary of power transformer T1 set
to receive a line voltage of 115/330 V, the
wiring may be changed to permit the use of
lower or higher line voltages (103400 and
123/246 *10 percent). This is accomplished
as outlined in paragraph 5-122.

104 to 128 volts an 115 2. Turn the trout panel SCALE ILLUM control
208 to 252 volts ac 230 counterclockwise to the POWER OFF detest position.

4-14- 131



3. Connect power cable of AN/COM-39B to source
of power.

4.51. Initial Settings. Before turning on power,
perform the following procedure:

1. let support/carrying handle to the required
operating position. The handle is released by pulling
both handle slides outward, and it can then be turned
to lock in any one of five positions.

2. Set INTENSITY control fully counterclockwise.

3. Set CH1 vertical position control to mid -range
and CH2 vertical position control to OFF detent.

4. Set.CH I and CH2 VOLTS/CM switches to 20mV
with VARIABLE control at CAL detent.

5. Set CH1 and C112 AC-OND-DC switches to
GND.

6. Set SEPARATE .. CH1 & CH2 switch to
SEPARATE.

7. Set horizontal position control to mid-range.

6. Set TIME/CM switch to I mS.

9. Set TRIG SELECT switch to FREE RUN.

4.52. Turn-On Procedure. After performing init-
ial settings, turn on power and obtain a trace as
follows:

I. Turn the SCALE ILLUM control clockwise be-
yond the POWER OFF detent and observe that the
associated power indicator lights.

2. Adjust INTENSITY control to obtain display
of the required brightness.

NOTE

If visible display cannot be observed on
the CRT, momentarily turn INTENSITY
control fully clockwise and press BEAM
FINDER pushbutton. This will produce
a bright horizontal line near center of
screen. Any offset of this line from cen-
ter corresponds to an offset In the position
control settings.

3. Center the display by adjusting CHI and hor-
izontal position controls.

4. Adjust FOCUS control to obtain most sharply
defined trace after releasing BEAM FINDER and
setting proper trace intensity.

4-53. OPERATING PROCEDURES. The following
paragraphs describe the procedures to be followed
in operating the AN/USM.396.

T.O. 33A1-12.451-1

NOTE

Following initial receipt of the oscilloscope
and before use each day (or at an Interval
determined by personnel in charge), per-
form the operator checkout described in
paragraph 4.67.

4-54. Setting Up Vertical Channels. Set up the
vertical channels of the AN/COM-39B as follows:

I. Connect signals to be displayed to one or both
of the CHI and CH2 BNC input connectors.

NOTE

When using unshielded signal leads,
connect common ground lead to chassis
of oscilloscope and equipment under test.

2. Depending on type of signal, set applicableAC-
GND-DC switch to AC or DC position. Use the AC
position to observe the an component of signals with
a de component which is much larger than the an
component. Set switch for unused channel to GND.
Also use GND position to locate baseline of vertical
display.

3. Set applicable VOLTS/CM switch to destred
sensitivity. Check that associated VARIABLE (inner)
bob is at CAL detent unless vernier attenuation be-
tween fixed settings of VOLTS/CM switch is desired.

NOTE

The test probes supplied with oscilloscope
introduce attenuation of lOX before signal
appears at input to VOLTS/CM attenuators.

4. To obtain variation in sensitivity from the
fixed settings of VOLTS/CM switch, turn VARIABLE
counterclockwise out of CAL detent. UNCAL In-
dicator goes on to indicate that AN/USM-396 ie
operating in an uncallbrated mods.

NOTE

The range of the VARIABLE control is
approximately 3:1 so that its full adjust-
ment overlaps the adjacent lower sensi-
tivity range. Except at the CAL setting,
the VARIABLE control is uncalibrated.
At the CAL setting, the calibration
corresponds to the setting of the VOLTS/
CM switch. The UNCAL indicator illum-
inates when either the CH1 or CR2 VARI-
ABLE control is out of the CAL position.

5. For vertical shift of the trace, adjust the yarn-
c aiposition controls (identified with vertic al arrows).

6. When no input signal's applied and trace move-
ment le detected when the setting of the VOLTS/CM

4-15
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switch is altered, readjust the DAL screwdriver con.
trot for the respective input channel,

NOTE

The SAL control will only need adjust
ment at infrequent intervals. Before
adjusting the DAL control set the AC.
OND.DC slide switch to OND and rotate
the VARIABLE control on the VOLTS/
CM switch to CAL. Always have the
instrument fully warmed up and opera
ting for a half hour before maidng SAL
adjustments.

7. if C112 is being used, check that PULL TO IN.
VERT CH2 switch is pushed in, unless polarity in.
version of C112 display is desired.

4-55. Use of Voltage Divider Probe at Vertical
Channel Inputs. AnX10 voltagedivider probe maybe
used to extend the voltage range and increase the in
put impedance of the vertical deflection input ampli.
tiers. The input reeistance of each vertical deflec-
tion channel is 1 II 0 shunted by approximately 28
pF. The effective capacity of the input lead must be
added to this and the resultant impedance can often
Load the signal source. Therefore, it is advisable to
use the voltage divider probe supplied with the AN/
USM-398, The use of this 5 foot probe reduces the
input capacity to approximately 15 Or and increases
the input resistance to 10 M 0 , at the expense of the
sensitivity. The probe contains a shunt RC network
in series with the input and forms an atteauator with
the input RC of the vertical channel. The trimmer
capacitor (C32) in the probe termination is used to
adjust probe frequency compensation by normalizing
the probe to the scope. The internal 1-kHz cali-
bration output, provided at the 1V f-AL output jack,
has a sufficiently fast rise time and is flat-topped
enough to permit probe compensation without ad.
&done! equipment. (See figure 4-6.)

4.56. Single Channel Operation. For single trace
operation, turn the vertical position control for the
desired chasmelciockwise out of the OFFposition and
turn the corresponding control for the other channel
counterclockwise to the OFF position.

4-57. Cascade Operation. To obtain a high sensi-
tivity (1 mV/cm) single trace condition with a band-
width of dc to 5 MHz, operate CH1 and CH2 in series
(cascade), using the output from the CH2 OUT con-
nector. Proceed as follows:

1. Set both AC-ONO-DC switches to DC.

2. Set both VOLTS/CM switches to 5 mV.

NOTE

The output signal from the CH2 OUT con-
nector is limited to 250 mV and has a gain
of 5 with respect to the CH2 input. Con-
sequently, the CH1 VOLTS/CM switch
should always be set to 5 mV. 10 mV or
20 mV to avoid on-screen distortion
during cascade operation.

e

Over Compensated

Figure 4-6. Probe Compensation Waveforms

3. Turn CH1 vertical position control clockwise
out of OFF position.

4. Turn CH2 vertical position control counter-
clockwise to OFI detent.

5. Connect CH2 OUT connector J5 to CH1 input
BNC .11 connector by means of a short BNC coaxial
cable.

6. Connect signal to be displayed to C112 input
BNC connector 32.

7. Use CH1 vertical position control to adjust
vertical position of trace.

8. If ac component of signal being displayed is
small relative to dc component, set CH2 AC-OND-
DC switch to AC.

4-16 13 3
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6. The LEVEL control, concentric with the
TRIO SELECT switch, allows selection of the trig.
goring point on the trigger waveform anthence de
termination of the start of the horizontal trace.
When the LEVEL control is set to AUTO, the trigger
circuit automatically biases itself to the most sen.
salve trigger level condition, and AC couples the
trigger signal. In the absence of a trigger signal
(in auto mode) the timebase will free run and main-
tain a bright line sweep dieplay at the selected sweep
speed.

4-113. Horizontal Deflection, External Input. To
obtain horizontal deflection under control of a sig-
nal applied to the EXT X input connector, set the
TIME /CM switch to EXT X. The gain for this input
is fixed at an uncalibrated value of approximately
0.8 V/cm and may be increased to 0.08 V/cm by
using PULL X10 MAG switch.

4-64. X-Y Mode. The full range of eensitivity and
attenuators for a single trace display of both vertical
and horizontal deflection inputs may be utilized in the
X-Y mode. Phaee shift is nominally 3 degrees from
de to 500 kHz and the bandwidth is 1 1411z. To oper-
ate in the X-Y mode, proceed as follows:

1. Set TIME/CM switch to X-Y and both CH1 and
CH2 position controls to mid-range.

2. Connect the signal which is to control horizon-
tal deflection to X (CH1) input connector .11 and
connect the signal which is to control vertical deflec
Hon to Y (CH2) input connector .12. Use procedures
outlined in paragraph 4-54 to set coupling and
attenuation.

NOTE

In the X-Y mode (provided the SEPARATE -
CH1 Is CH2 switch isset to SEPARATE),
the CH1 poeition control is inoperative and
horizontal position is adjusted by the hor-
izontal position controls (marked with
horizontal arrows).

4-85. Z-Axis Input. If CRT intensity Is to be mod-
ulated by an external signal, connect signal to EXT
Z MOD connector on rear panel and switch the
NORMAL INTERNAL - EXT Z MOD switch to the
EXT Z MOD position. Typically, Z-axis modu-
lation can provide reference marks by using a
pulse input synchronous with the vertical display,
Alwaye return the NORMAL INTERNAL - EXT Z
MOD switch to NORMAL INTERNAL when not using
external Z modulation.

4 -88. Turn-Off Procedure. To turn off the AN/USM-
396, rotate SCALE ILLUM ewitch counterelockwisq
to POWER OFF detent.

4-91. OPERATOR CHECKOUT. Following initial
receipt of the AN/USM-398, and prior to first usage
of the instrument each day thereafter (or at an
interval determined by personnel in charge), the
operator should perform the following checkout
procedure after a 20-minute warm-up period. The
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operator checkout establishes minimum performance
standards for the AN/USM.306. All of the checks
included in this procedure can be performed with the
equipment covers in place. During this checkout,
the oscilloscope should be operated in accordance
with the preceding operating procedures, exercising
the various control functions as required to obtain
the indications in the following paragraphs.

4-66, Power -On Indications. Power indicator and
CRT graticule background must light when power is
turned on by rotating the SCALE 1LLUM control
clockwise from its POWER OFF detent position.
The graticule must increase in brightness as rotation
of the SCALE ILLUM control is continued.

4.89. Service Function Cheats. With the oscillo-
scope operating in the sweep mode (TORE /CM to

mS, CH1 and C112 VOLTS/CM to .5V, TRIG
SELECT LEVEL to AUTO and AC-OND-DC to DC1
and wltb the 1-volt, 1 -kHz square wave calibrator
output, supplied from the CAL 1V output connector
on the front panel applied to both the CH1 and CH2
inputs, an independent representation of the 1-kHz
square wave must appear for each channel when the
associated CH1 or CH2 vertical position control is
rotated clockwise from its OFF position. The trace
for each channel must move up or down, independently
of the trace for the other channel, as the correspond-
ing CH1 or CH2 vertical position control le adjusted
in its setting. The outer horizontal position control
must be capable of adjusting the coarse positioning
and the inner horizontal position control must be
capable of adjusting the fine positioning of both
traces along the X axle. Both tracer -oust vary
appropriately in brightness and reset" . -ion as the
INTENSITY and FOCUS controls, respectively, are
adjusted. With BEAM FINDER pushbutton pressed,
displ %y must be defocussed and reduced in deflec-
tion to a small rectangle at the center of the screen.

4-70. X-Y Mode. With the TIME/CIA switch
*witched to the X-Y position, the display should
be a *Ingle straight-line trace, aligned at a 45-
degree angle with the horizontal graticule lines.

4-91. Trigger Control. With a common eine wave
input (derived from the line power) applied to both
CH1 and C112 inputs, and with the TIME/CM switch
set to 10 mS, the sweep must trigger on either the
positive- or negative-going zero crossing of the
displayed waveforms, depending on whether the
TRIG SELECT switch is in the CHI. or CH1-
position. The trigger point of the sweep must
be adjuetable, varying according to the setting
of the TRIG SELECT LEVEL control within
its manual range. With the TRIG SELECT
switch in the CH1+ position, the LEVEL control
must be capable of placing the sweep t.-igger
at any positive slope point between the negative
and positive peaks of the displayed waveform.
With the TRIG SELECT switch in the CH1-
position, the LEVEL control must be capable
of placing the sweep trigger at Any negative slope
point between the positive and negative peaks of
the displayed waveform.
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4.58. Dual Channel Operation, To obtain dual chan-
nel operation, connect Inputs to both vertical deflec-
tion channels and turn both CHI and CH2 vertloal
position controls clockwise out of the OFF position,
Then select either the separate or added mode of
displaying the two signals, as Indicated in the follow-
ing paragraph'.

4.50. To obtain two separate traces, set SEPARATE
- CH1 & CH2 switch to SEPARATE. Select alternate
or chopped mode using ALT - CHOP switch. During
dual trace operation using the Internal timebase, the
operating guide lines listed below should be followed.
(For complete details on use of the internal time-
base, refer to paragraph 442.)

1. Try to use a trigger source selected by either
the CHI, LINE or EXT position of the TRIG SELECT
switch.

2. Avoid selecting the CH1 & 2 internal trigger
source. However, If use of this position is unavoid-
able, set the AC-ACF-DC switch as follows:

C. When both input signals have significant
frequency components above 50 kHz, use ACF
position of AC-ACF-DC switch.

NOTE

The ACF position of the AC-ACF-DC
switch uses a high pass filter, which
rejects and attenuates low frequencies.

b. V the ACF position is not appropriate, use
the DC position and carefully manipulate each ver-
tical positioning control as well as the TIME/CM
VARIABLE control until a stable display is achieved.

3. Never use chop mode when using the CH1 & 2
position of the TRIG SELECT switch. Use chop
mode only:

a. In the CHI, LINE and EXT positions of the
TRIG SELECT switch.

b. To avoid display blinking that would make
measurements difficult on sweep speed ranges slow
er than 1 ms/cm.

c. At sweep speeds slower than 1 ms/cm.

d. With NORMAL INTERNAL - EXT Z MOD
switch on rear panel set to NORMAL INTERNAL to
blank switching transients in the CRT display.

4-60. To obtain a single trace representing the al-
gebraic sum of the two inputs, let SEPARATE -
CH1 & CH2 switch to CH1 & CH2 and position the
added sum of the input signals on the CRT.

4-81. To obtain a single trace representing the
algebraic difference* of the twoinputs, setSEPAR.
ATE - CH1 & CH2 switch to CH1 & CH2 and pull
out PULL TO INVERT CR2. This function permits
the comparison of two signals, by subtracting one
from the other, and also permits common mode

T.O. 33A1.13-451.1

rejection between two related signals. Common
mode rejection can be maximized by careful adjust-
ment of either CH1 or CR2 VARIABLE control to
exactly equalize channel sensitivities.

4-82. Horizontal Deflection, Internal Time Base
Operation. To obtain horizontal deflection under
control of the internally generated timebatie, pro.
teed as follows:

1. Set TIME/CM switch to any time scale posi-
'km.

2, V a time scale between calibrated TIME/CM
positions is desired, turn VARIABLE control coun-
terclockwise out of CAL detest.

NOTE

The range of the VARIABLE control is
approximately 3:1. Except at the CAL
setting, the VARIABLE control is un-
calibrated.. At the CAL setting, the
calibration corresponds to the setting
of the TIME/CM switch. The UNCAL
lamp illuminates to alert the operator
when the VARIABLE control is not in
CAL position.

3. V close examination of any portion of the trace
is required, operate the PULL X10 MAG knob. The
resulting expansion effectively increases the sweep
length from 10 cm to 100 cm and Increases the
sweep speed by a factor of ten, while retaining the
same sweep period.

4. For horizontal shift of the trace, adjust the
horizontal position controls (identified by horizon-
tal arrows). The outer knob provides coarse posi-
tion control while the smaller, inner knob provide*
fine positioning. The fine control is especially use-
ful in adjusting the display with the X10 magnification
function active. Pulling the small knob (PULL X10
MAO) activates the X10 magnification function.

5. The timebase may be operated either in a
free run condition or may be triggered from the
positive or negative slope of a signal as determined
by the setting of the TRIG SELECT switch. The
triggering sources selected by the TRIG SELECT
switch in its various positions are as follows:

a. LINE - the line input frequency derived
from the transformer in the power supply section.

b. CH1 - the CHI trigger amplifier.

c. CHI & CH2 - the buffer amplifier (irrespec-
tive of which beam is displayed).

d. EXT - an external triggering source, con-
nected to the EXT TRIG BNC connector.

4-17

e. FREE RUN - no trigger used.
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4-72. Timebase Calibration. As an approximate
check of the Umsbus calibration, count the number
of cycles of line powerbvoltage displayed on the CRT.
Five cycle, of a 50-Hz line power input or six cycles
of It 40-Hs line power input should be displayed
across the I0 cm of grafted" width for both CHI and
CH2. The number of cycle, must vary in accordance
with the setting of the TIME/CM switch as the TIME/
CM switch is adjusted. Pulling out the inner Imob
(PULL XI0 MAO) must expand both traces along the
X axle by a factor of IO,

4-73. Vertical Calibration. With both the CHI and
CH2 VOLTS/CM switches sat to .5 V, apply a I-volt
square wave from the internal calibrator to CHI and
CH2 inputs. Each of the two displayed waveforms must
have a 2-cm vertical amplitude. With each waveform
in succession centered vertically on the gratieule, the
amplitude must vary in accordance with the setting of
the associated' VOLTS/CM switch as the switch la
varied. During these adjustments, there should be no
appreciable vertical depositioning of the waveform as
the VOLTS/CM switches vary the attenuation. If
traces shift appreciably, check HAL adjustment for
the respective channel after 30-minute warmup.

T.O. HAS-45W

4-74. Channel Switching Modes. With both channels
active, check that channel switching take" place
reliably with NORMAL INTERNAL EXT Z MOD
switch in the NORMAL INTERNAL position and with
CHOP-ALT switch set in succession to both the
CHOP and ALT positions. Vary setting of the TIME/
CM switch as required to makes each type of channel
switching clearly visible. While checking the chop
mode, note whether chop tramline'. in the display
are blanked.

NOTE

Do not attempt to use chop mode operation
with CHI & 2 trigger.

4-75. Inverting and Channel Summing Modes. When
the PULL TO DIVERT CH2 control in pulled out, the
CII2 trace must invert. When the SEPARATE - CHI
& CII2 switch Is set to CIII & CW4, and with both
VOLTS/CM switches at a common setting, the CHI
and CH2 traces must add, producing a single trace
of double amplitude, or subtract, producing a single
straight-line trace, depending on the setting of the
PULL TO DIVERT CII2 switch.

445/(4-20 blank)
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ABBREVIATIONS or FREQUENTLY USED TERMS

AC alternating current h hecto
A ampere H henry
amp amplifier - ampere Hz hertz
AM amplitude modulation Z impedance
ant antenna incr increment
AF audio frequency XL inductive reactance
AFC automatic frequency control fif intermediate frequency (IF)
ANL automatic noise limiter ICW interrupted continuous wave
calbr calibration k kilo
C capacitance .. coulomb kHz kilohertz
CRT cathode-ray tube LA- kilohm
c coati kV kilovolt

chrg charge kW kilowatt

cir circuit L inductance (self)
coax 0;0431 LO local oscillator
comm communications L F low frequency

CW continuous wave H magnetic field strength
xtal crystal mo master oscillator
d deci MOPA master-oscillator power amplifier
dB decibel M mega

dBm decibel with 1 m.illiwatt reference MHz megahertz

diam diameter MW megawatts

DC direct current m meter
DSH double-sideband A micro
elec electrical isA microampere

EMF electromotive force p r microfarad
elct electronics A If microhenry

elem element mic microphone

E energy - voltage A a microsecond

F farad tt V microvolt
F/F flip-flop m milli

f frequency mA milliampere
FM frequency modulation mil millihenry

G glga mV millivolt

: '

140

1

...



.

mW milliwatt f
A

pulse repetition frequency (PRF)

MCW modulated continuous wave PRT pulse recurrence time

MTI moving target indicator PW pulse width

11 nano radar radio detection and ranging

nog negative BF radio frequency

NPN negative - positive - negative

IL ohm

osc oscillator

PIV peak inverse voltage

PP peak to peak

pent pentode

pm permanent magnet

PM phase modulation

I) pico

PNP positive-negative-positive

Put potentiometer

P power

FA power factor (PF)

prim primary

-Pc pulsating current

PAM pulse amplitude modulation

PCM pulse code modulation

t
A

pulse duration (PD)

PDM pulse duration modulation

PFM pulse frequency modulation

P-M pulse modulation

2

X reactance

R resistance

AMR root mean square

s second

kg signal

SNR signal-to-noise ratio

SSD single-sideband

std standard

ewr standing-wave ratio

T tera

t time

T. time constant (TC)

trans _transformer

TWT traveling-wave tube

VTVM vacuum-tube voltmeter

V volt

VOM volt-ohm-millbunmeter

W watt

Wh watthour

X wavelength

WW wire wound
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DEFINITIONS

ABSOLUTE SYSTEM System of units in
which numbers of units are chosen as funda-
mental and all other units are derived from
them.

ABSORPTION - Loss of energy, due to con-
version into heat or other forms, in the
transmission of waves over radio or wire
paths.

ABSORPTION WAVEMETER - Instrument
used for measuring the wavelength and/or
frequency of a given source by means of a
calibrated resonant circuit, loosely coupled
to the source, indicating resonant as maxi-
mum current in the calibrated circuit.

ACCELERATING ANODE OR ELECTRODE -
(1) Used in cathode-ray and other electron
tubes to increase the velocity of the electrons
in a beam. It is operated at a high positive
potential with respect to the cathode. (2) Used
for drawing electrons away from a light-
sensitive cathode of a Farnsworth image
dissector tube for a television camera.

ACCEPTOR - An impurity added to a crystal
during manufacture to create a semiconduc-
tor. An impurity acceptor creates a hole in
the valence band.

ACCESS TIME Time interval which is
characteristic of a storage unit in an elec-
tronic computer and is essentially a measure
of the time required to communicate with
that unit.

ACCUMULATOR - Device in an electronic
computer which stores a number and which,
on receipt of another number, adds it to
the number already stored, and stores the
sum.

AC GENERATOR - (I) Rotating electrical
machine, generally known as an alternator,
that converts mechanical power into alter-
nating current. (2) Oscillator, or any other
device, designed for the purpose of producing
alternating current.

ACORN TUBE - Button or acorn - shaped
vacuum tube, with no base , for UHF
applications.

ACTIVE DEVICE - One through which largo
amounts of power can be controlled with
smaller amounts of power; e.g., transistor,
vacuum tube, or relay.

ACTIVE OR ACTUAL POWER - Average
of values of instantaneous power taken over
1 cycle.

ACTUATING DEVICE - Manually- or
automatically-operated mechanical or elec-
trical device which operates electrical con-
tacts to effect signal transmission.

ADAPTER - Fitting which is 'designed to
adapt a Jack, plug, or receptacle so as to
make possible electrical connection by means
other than those originally intended.

ADDER - Device in an electronic computer
which can form the sum of two or more
numbers of quantities impressed upon it.

ADJUSTABLE VOLTAGE DIVIDER - Wire-
wound resistor having one or more movable
terminals. Terminals can be moved along
the length of the exposed resistance wire
until the desired voltage values are obtained.

ADMITTANCE - Lack of opposition to the
flow of alternating current in a circuit (the
reciprocal of impedance), usually expressed
in mhos.

AIR CAPACITOR - Capacitor using air as
the dielectric material between its plates.

AIR-CORE COIL - Coil without metal in its
magnetic circuit.

AIR-CORE TRANSFORMER - Transformer
(usually RF) having a nonmetallic core.
Transformers wound on a solid insulating
substance, such as isolantite, are assumed
to hay^ an air core.
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ALLOY - Mixture or combination of two or
more metals.

ALNICO - Alloy consisting chiefly of alumi-
num, nickel, and cobalt, with high magnetic
retentivity; it is used to make small, power-
ful permanent magnets.

ALPHA - Forward current transfer ratio
for a common-base configuration.

ALTERNATING CURRENT (AC) - Current
that is reversing in polarity.

ALTERNATING-CURRENT PULSE -
Alternating - current wave of brief duration.

ALTERNATING-CURRENT RESISTANCE -
Total resistance offered by a device in an
AC circuit.

ALTERNATING GRID VOLTAGE - The AC
component of grid voltage.

ALTERNATING - CURRENT COMPONENT OF
CURRENT - That portion of a pulsating
current represented by the changing rate
and/or direction of electron flow; that is,
in the absence of the DC component, the
average electron displacement is zero.

ALTERNATING - CURRENT COMPONENT OF
VOLTAGE - That portion of a pulsating volt-
age which is responsible for the nonuniform
electron flow in a conductor to which the
pulsation voltage is applied; if the pulsating
voltage reverses its polarity, the AC com-
ponent is responsible for the reversals of
the direction of electron flow as well as for
the change in the rate of flow.

ALTERNATION - Variation, either positive
or negative, of a waveform from zero to
maximum and back to zero (equals one-half
of a cycle).

ALTERNATOR - Rotating machine which
generates alternating current.

AMMETER Instrument used for measuring
the amount of current in amperes.

AMORPHOUS - Devoid of regular structure,
especially of crystaline structure.

4

AMPERE Practical unit of current. One
ampere will flow through a resistance
of 1 ohm when a difference of potpntial of
1 volt is applied across terminals.

AMPERE-HOUR Quantity of electricity
that passes through a circuit in 1 hour when
the rate of flow 18 1 ampere.

AMPERE-TURNS Product obtained by mul-
tiplying the number of turns in a coil by
the current in amperes flowing through the
coil.

AMPLIFICATION Increase in magnitude
in transmission from one point to another,
or the process causing this increase. It
may be expressed as a ratio, or by exten-
sion of the term, in decibels.

AMPLIFIER Device for increasing the
power associated with a phenomenon with-
out appreciably altering its quality, through
control by the amplifier input of a larger
amount of power supplied by a local source
to the amplifier output.

AMPLITUDE - (1) Maximum displacement
from the zero position of an alternating cur-
rent or any other periodic phenomenon.
(2) Amplitude is commonly used, in a gen-
eral sense, to indicate the size or magnitude
of a wave or current.

AMPLITUDE DISTORTION - Changing of a
wave shape in amplitude so that it is no
longer proportional to its original ampli-
tude. This occurs in an amplifier or other
device when the amplitude of the output is
not exactly a linear function of the input
amplitude.

AMPLITUDE MODULATION Modulation
in which the amplitude of a carrier is the
characteristic varied.

ANALOG COMPUTER (1) A computing
machine that works on the principle of
measuring, as distinguished from counting,
in which the measurement obtained, as volt-
ages, resistance, etc., are translated into
desired data.
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AND-GATE - Oat. whose output is energized
when and only when every input is in its
prescribed Mate. AA AND-gate performs the
function of the logical HAND." Also called
AND-circuit.

ANGLE MODULATION Modulation in
which the angle of a. sinewave is varied.

NOTE: Phase and FM are forms of
angle modulation.

ANGLE OF INCIDENCE - Angle between the
perpendicular to a reflecting surface at the
point at which an electromagnetic wave
strikes a surface and the direction from
which the wave approaches the surface. A
wave perpendicular to the surface has a
zero angle of incidence.

ANGLE OF LAG - Angle by which one
alternating electrical quantity lags another
of the same cyclic period.

ANGLE OF LEAD - The time or angle by
which one alternating electrical quantity
leads another of the same cyclic period.

ANGLE OF RADIATION - Angle between
the surface of the earth and the center of
the beam of energy radiated upward into
the sky from a transmitting antenna.

ANODE - (l) Positive electrode; the collec-
tor of a solid-state diode; the plate of a
vacuum tube; the positive pole of a tube
toward which the electrons move. (2) Positive
electrode of an electrochemical device (such
as a primary or secondary electric cell)
toward which the negative ions are drawn.

ANODE VOLTAGE - Voltage between the
anode and cathode.

ANTENNA - Any structure or device used
to detect or radiate electromagnetic waves;
specifically that part of a radar or of a
radio-sending' or radio-receiving set that
contains, or itself consists of, that apparatus
that radiates waves or receives them.

ANTENNA ARRAY - Arrangement of antenna
elements, usually dipoles, which results in
desirable directional characteristics.

ANTENNA CURRENT - An RE current that
flows in an antenna.

)34t

ANTENNA MATCHING Process of adjust -
tug impedances so that the impedance of an
antenna equals the characteristic impedance
of its transmission line.

ANTIRESONANT FREQUENCY - Frequency
of a crystal unit for a particular mode of
vibration at which neglecting dissipation,
the effective impedance of the crystal unit
is infinite,

144

APPARENT POWER - The power value
obtained in an AC Circuit by multiplying the
effective values of voltage and current -
the result is expressed in volt-amperes.

AQUADAG - Colloidal suspension'of graphite
deposited on the inner side walls of cathode-
ray tubes to serve as an electrostatic shield
or an accelerating anode.

ARC - A discharge of electricity through
a gas, normally characterized by a volt-
age drop approximately equal to the ioniza-
tion potential of the gas.

ARMATURE The revolting part of a gen-
erator, motor, or other electromagnetic
device which has current induced in it by
motion. (The motion may be relative only;
i.e., the armature itself may be stationary,
and the field rotate around it.)

ARMATURE CORE - Assembly of lamina-
tions forming the magnetic circuit of the
armature.

ARMSTRONG OSCILLATOR - Inductive feed-
back oscillator, that consists of a tuned-
base (grid) circuit and untuned-tickler
coil in the collector (plate) circuit. Con-
trol of feedback is accomplished by vary-
ing the coupling between ,the tickler and
the base (grid) circuit.

ARTIFICIAL LINE - Circuit made up of
lumped constants, which is used to simulate
various characteristics of a transmission
line.
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ASTIGMATISM - In an electron-beam tube,
a focus defect in which electrons in dif-
ferent axial planes come to focus at different
points.

ATOM - Smallest particle into which matter
can be divided.

ATOMIC NUMBER - In chemistry, a number
representing the relative position of an ele-
ment in the periodic table Is which the ele-
ments are arranged in the order of either
their atomic weights or their nuclear charges;
number representing the positive charge or
number of protons in the nucleus of the atom
of an element.

ATTENUATOR - Device for reducing the
amplitude of a current. Attenuators are
most commonly combinations or networks of
resistance, either fixed or adjustable. In
its many different forms and applications,
the attenuator becomes Imam variously as
pad, gain control, level adjustor, volume
control, etc.

ATTRACTION - Force that tends to make
two objects approach each other. Attraction
exists between two unlike magnetic poles
(North and south) or between two unlike
static charges (plus and minus).

AUDIO FREQUENCY - Frequency which can
be detected as a sound by the human ear.
The range of audio frequencies extends ap-
proximately from 15 to 20,000 hertz.

AUDIO-FREQUENCY CHOICE Choke used
to impede the flow of audio-frequency cur-
rents; generally a coil wound on an iron
core.
AUDIO-FREQUENCY OSCILLATOR - Oscil-
lator unit or circuit producing oscillations
at audio frequencies; such as an oscillator
used with headphones and a telegraph key
for code practice.

AUDIO - FREQUENCY TRANSFORMER -
Transformer designed to transfer audio-
frequency signals from one circuit to another.
Commonly used to match two different cir-
cuit impedances and permit maximum power
transfer.

6

AUTOMATIC CIRCUIT BREAKER Device
that automatically opens a circuit, usually
by electromagnetic means, when the current
exceeds a safe value.

AUTOMATIC FREQUENCY CONTROL - An
arrangement whereby the frequency of an
oscillator is automatically maintained within
specified limits.

AUTOMATIC GAIN CONTROL' - Type of
circuit used to maintain the output volume
of a receiver constant, regardless of varia-
tions in the signal strength applied to the
receiver.

AUTOMATIC NOISE LIMITER - A circuit
that automatically cuts off all noise peaks
that are strInger than the highest peak in
the desired signal being received, thereby
preventing loud crashing noises due to strong
atmospheric or manmade interference.

AUTOTRANSFORMER - Transformer with
a single winding (electrically) in which the
whole winding acts as the primary winding,
and only part of the winding acts as the
secondary (stepdown); or part of the wind-
ing acts as the primary and the whole
winding acts as the secondary (stepup).

AVALANCHE BREAKDOWN - A breakdown
that is caused by the cumulative multipli-
cation of charge carriers through field-
induced impact ionization.

AVERAGE VALUE - Average of many in-
stantaneous amplitude values taken at equal
intervals of time during an alternation (half-
cycle) of alternating current. The average
value of one alternation of a pure sine
wave is 0.637 times its maximum or peak
amplitude value.

AXIS - Straight line, real or imaginary,
that passes through a body and about which
the body may, or actually does, revolve.

BACK BIAS - Degenerative or regenerative
voltage which is fed back to circuits before
its originating point. It is usually applied
to a control anode of a tube.
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BACK ELECTROMOTIVE FORCE The
counter EMT of any system is the effective
EMF within the system which opposes the
passage of current in a specified direction.

BACK-TO-FRONT RATIO - Ratio used in
connection with antennas, metal rectifiers,
or any device in which signal strength or
resistance in one direction is compared to
that in the opposite direction.

BALANCED CIRCUIT - A circuit, the two
sides of which are electrically alike and
symmetrical with respect to a common refer-
ence point, usually ground.

BALANCED TRANSMISSION UNE - Trans-
mission line having equal conductor resist-
ances per unit length and equal impedance
from each conductor to earth and to other
electrical circuits.

BALLAST RESISTOR - %methane of resis-
tor to compensate for fluctuations in AC
power line voltage. It is usually connected
in series with the power supply to a receiver
or amplifier. The resistance of a ballast
resistor increases rapidly with increases in
current through it, thereby tending to maintain
essentially constant current despite varia-
tions in line voltage.

BAND - Range of frequency spectrum between
two defined limits.

BANDPASS Expresses the frequencies which
will pass between the limits of a band at
the desired fraction (usually haliPnwer) of the
maximum output.

BANDWIDTH - Range within the limits of a
band. The width of a bandpass filter Is
generally taken as the limits between which
its attenuation is not more than 3.0 decibels
from the average attenuation throughout its
bandpass. Also used in connection with re-
calve selectivity, tranamittedfrequencyspee-
trim occupancy, etc.

BARRIER LAYER - Surface of contact be-
tween a metal and semiconductor. It acts
as a rectifier of alternating currents. Some
barrier layers when illuminated, generate a
voltage through photovoltaic action. The junc-
tion between copper and curous oxide in the
photoelectric cell is a barrier layer.

134'
BASIC - See TRANSISTOR BASE.

BATTERY - Device for converting chemical
energy into electrical energy.

BEAM FORMING PLATES Electron beam
foaming elements in power tetrodes and
in cathode-ray tubes.

BEAM POWER TUBE - An electron-beam
tube in which directed electron beams con-
tribute substantially to its power-handling
capability, and in which the control grid
and the screen grid are essentially aligned.

BEAT FREQUENCY One of the two addi-
tional frequencies generated when signals of
two different frequencies are combined. The
beat frequencies are equal to the sum and the
difference of the two original frequencies.

BETA - Forward current transfer ratio of a
common-emitter configuration.

B-11 CURVE Curve plotted to show suc-
cessive states during magnetization of a
ferromagnetic material. Anormalmagnetiaa-
ton curve is a portion of a symmetrical
hysteresis loop, while a virgin magnetization
curve shows what happens the first time
the material is magnetized.

BIAS - Average DC voltage or current used
to establish an operating point.

BIFILAR - Transformers, inductors, etc.,
are said to be bifilar wound, when, to achieve
a desired balance (similarity between wind-
ing), two conductors are wound simultaneously
side-by-side.

BIMETALLIC STRIP - Strip formed of two
dissimilar metals welded together. The
metals have different temperaure coeffi-
cients of expansion, causing the strip to bend
or curl when the temperature changes.

BINARY - (I) Characteristic or property in-
volving a choice or selection, using only two
symbols: such as 0 and I, on or oft, go or
stop. (2) A number system whose successive
digits are interpreted as coefficients of the
successive powers of the base two.
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BLEEDER RESISTOR Resistor which is
used to draw a fixed current. Also used,
as a safety measure, to discharge filter
capacitors after the circuit is deenergized.

BLOCK DIAGRAM - Diagram in which the
essential units of any system are drawn in
the form of blocks, and their relation to
each other indicated by appropriate con-
necting lines.

BLOCKING OSCILLATOR - An oscillator
operating intermittently with bias increasing
during oscillation to a point where oscilla-
tions stop, then decreasing until oscillation
is resumed.

BREADBOARD - In electronics or servo
work, an arrangement in which components
are fastened temporarily to a board or
chassis for experimental purposes.

BREAKDOWN OF A SEMICONDUCTOR
DIODE A change which takes place as
reverse bias is increased from a region of
high-dynamic resistance to a region of sub-
stantially lower dynamic resistance; a sharp
increase in reverse current for increasing
magnitude of bias.

BREAKDOWN VOLTAGE - (I) Voltage at
which an insulator or dielectric ruptures,
or at which ionization and conduction take
place in 'a gas or vapor. (2) Of a semi-
conductor diode, the voltage measured at a
specified current in the breakdown region.

BRIDGE CIRCUIT - Network which is so
arranged that when an electromotive force
is present in one branch, the response of a
suitable detecting device in another branch
may be made zero by a suitable adjustment
of the electrical constants of still other
branches.

BRIDGED T-NETWORK - Network with the
two series impedances of the T bridged by
a fourth impedance.

BRIDGE RECTIFIER - Full-wave rectifier
with four elements connected in a bridge
circuit so that direct voltage is obtained
from one pair of opposite junctions when
alternating voltage is appliedto the other pair.

8

BUFFER Circuit or component which
isolates one electrical circuit from another.
Usually refers to amplifiers used for this
purpose.

BUFFER DRUM In a computer, a mag-
netic drum designed to accept Information
from input or output circuits and retain
it until used.

BYPASS CAPACITOR - A capacitor for
providing an AC path of comparatively low
impedance around some circuit or element.

CALIBRATION - Process of comparing an
instrument or device with a standard to
determine its accuracy or to devise a cor-
rected scale.

CAPACITANCE - (I) Ability to store elec-
trical energy, measured in farad., micro-
farads, or picofarads, (2) Property of a
capacitor which determines the amount of
electrical energy which can be stored in it
by applying a given voltage. (3) Property of
two or more bodies which enables them to
store electrical energy in an electrostatic
field between them. (4) Ratio of the electric
charge transferred from one conductor to
another, the difference of potential between
the conductors. (5) Of a semiconductor diode,
the small-signal capacitance measured be-
tween the terminals of the diode under spec-
ified conditions of bias and frequency.

CAPACITIVE REACTANCE - The opposition
of a capacitor to a change in an applied
voltage, and dissipates no power, to al-
ternating current or pulsating direct current.
Measured in ohms, it is calculated as:
BC = If2irf C.

CAPACITOR - Device consisting essentially
of two conducting surfaces separated by
an insulating material or dielectric such
as air, paper, mica, glass, or oil. A capa-
citor stores electrical energy, blocks the
flow of direct current, and reacts when
applied voltage decreases to permit the
flow of alternating current, to a degree
dependent on the capacitance and the
frequency.
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CAPACITOR-INPUT FILTER a Filter which
;has a capacitor connected directly across
(in parallel with) its input.

CARRIER FREQUENCY a The frequency'
of the =modulated fundamental output of a
radio transmitter, normally measured in
hertz.

CATHODE - An electrode through which a
primary stream of electrons enters the
interelectrode space.

CATHODE BIAS - Method of biasing a vacuum
tube by placing the biasing resistor in the
common cathode-return circuit.

CATHODE CURRENT - The net current
from an electrode into the interelectrode
space.

CATHODE-RAY TUBE - Vacuum tube in which
the instantaneous position of asharply focused
electron beam, deflected by means of electro-
static and/or electromagnetic fields, is indi-
cated by a spot of light produced by the
impact of the electrons in aflourescent screen
at one end of the tube.

CAT WHISKER - Small, sharp-pointed wire
used to make contact with a sensitive point
of the surface of a semiconductor.

CAVITY RESONATOR (1) Hollow metallic
cavity in which electromagnetic oscillations
can exist when the cavity is properly excited.
(2) Space normally bounded by an electrically
conducting eurfaCe in which oscillating
electromagnetic energy is stored, and whose
resonant frequency is determined by the
geometry of the enclosure.

CHARACTERISTIC CURVE - Graph plotted
to show the relation of voltage and current
values. An example is a curve to show how
the plate current changes with variations in
the plate voltage, holding the grid voltage
constant.

CHARACTERISTIC IMPEDANCE - Impedance
of a transmission line which would be
measured if that line were uniform in all
respects throughout its length and of infinite
length. A line will appear to be infinitely
long if terminated in a load equal to its
characteristic impedance.

CHARGE a (1) Electrical energy stored
in a capacitor or battery or held on an
insulated object. (2) Quantity of electrical
energy held on an insulated object or in a
capacitor under static conditions.

CHARGED BODIES - Bodies with an excee
or deficiency of electrons.

CHARGE DENSITY - Charge per unit area
on a surface or charge per unit volume in
space.

CHARGING CURRENT - (1) Current that
charges an electrical storage unit.
(2) Current that restores energy to a
storage battery.

CHOKE - An inductor used to smooth the flow
of pulsating direct current or alternating
current by means of its self-inductance
without appreciable effect on the flow of DC.

CIRCUIT - Electronic path between two or
more points.

CIRCUIT DIAGRAM - Schematic drawing
of the electrical connections of an elec-
trordc device or equipment.

CLASS A AMPLIFIER Amplifier in which
the input bias and alternating input ampli-
tudes are such that output current flows
at all Ames. Operation in the linear portion
of its characteristic curve gives an output
amplified facsimile of the input.
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CLASS AB AMPLIFIER - Amplifier in which
the input bias and alternating input ampli-
tudes are such that output current flows
for appreciably more than half but less than

the entire input signal cycle (between class
A and class B operation).

CLASS B AMPLIFIER - Amplifier in which
the input bias is approximately equal to the
cutoff value, so that the output current
is approximately zero when no input sigma
Is applied and flows for approximately one-
half of each cycle when an alternating input
signal is applied.

9
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CLASS C AMPLIFIER Amplifier in which
the input bias is appreciably greater than the
cutoff value, so that the output current is
zero when no alternating input signal is
applied and flows for appreciably less than
one-half of each cycle when an alternating
input signal is applied.

CLOCK - Primary source of electronic
computer synchronizing signals.

CLOCK FREQUENCY In SAGE, the master
frequency of periodic pulses scheduling the
operation of the computer.

CLOSE COUPLING - Degree of coupling
greater than the critical coupling.

COAXIAL - Having one axis within another,
as a coaxial cable, with a single cylindrical
conductor suspended in the center of another
conductor.

COAXIAL CABLE - Cable, used as a trans-
mission line, consisting of one conductor,
usually a small copper tube or wire, within
and insulated from another conductor or
larger diameter, usually copper tubing or
copper braid. The outer conductor may or
may not be grounded. Radiation from this
type of line is practically zero.

COEFFICIENT OF COUPLING Numerical
indicator of the degree of coupling existing
between two circuits.

COIL - Turns of wire wound on an iron
core or on a coil form made of insulating
material so as to be self-supporting. A coil
offers considerable opposition to the passage
of alternating current but very little opposi-
tion to direct current.

COLD CATHODE A cathode whose opera-
tion does not depend on its temperature
being above the ambient temperature.

COLLECTOR - In a transistor, an electrode
through which a primary flow of carriers
leaves the interelectrode region.

10

COLLECTOR JUNCTION - Of a' transistor,
a Junction normally biased in the high re
sistance direction, through which the current
can be controlled by the introduction of
minority carriers.

COLPITTS OSCILLATOR » An LC oscilla-
tor in which a parallel-tuned tank circuit
is connected between base and collector
or grid and plate, with the tank capacitance
containing two voltage-dividing capacitors in
series and with their common connection
at emitter or cathode potential.

COMMUTATION Mechanical process of con-
verting the alternating current which flows
in the armature of DC generators into the
DC generator output.

COMMUTATOR Device used on electric
motors or generators to maintain an uni-
directional current.

COMPENSATED SEMICONDUCTOR -
semiconductor in which one type of impurity
or imperfection (e.g., donor) partially can-
cels the electrical effects of another type
of impurity or imperfection (e.g., acceptor).

COMPENSATED VOLUME CONTROL -
Device in a radio receiver that changes
the tonal balance of the loudspeaker out-
put for different output levels to compen-
sate for corresponding variations in the
response characteristics of the human ear.

COMPONENT A functional part of a sub-
system or equipment which is essential to
operational completeness of the subsystem
or equipment, and which may consist of a
combination of parts, assemblies, acces-
sories, and attachments. Examples are radio
transmitter unit, radio receiver unit, ampli-
fier unit, analyzer unit, computer unit, and
control box.

CONDUCTANCE Ability of a material to
conduct or carry an electric current. It is
the reciprocal of the resistance and is
expressed in mhos.

CONDUCTION BAND - A range of states
in the energy spectrum of a solid in which
electrons can move freely.
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CONDUCTION CURRENT Movement of
free charges composing an electric current.

CONDUCTION ELECTRONS - The electrons
In the conduction band of a solid, which are
free to move under the influence of an
electric field.

CONDUCTION FIELD - The energy sur-
rounding a conductor when an electric cur-
rent is paased through the conductor, which,
because of the difference in phase between
the electrical field and magnetic field set up
in the conductor, cannot be detached from the
conductor.

CONDUCTOR - Material which permits the
passage of an electric current.

CONDUIT - Tube of steel, tile, wood, or
other material through which cables or wires
can be passed.

CONE - Cone-shaped part of a loudspeaker
that actually moves the air.

CONSTANT - Anything invariable or not
subject to change.

CONTACT - Part of an equipment designed
to touch a similar contact to permit cur-
rent to flow, or designed to break this union
to cause current to cease.

CONTINUITY - The presence of a complete
path through which current can flow.

CONTINUOUS WAVES - Successive °genie-
tion.s of waves, identical under steady-state
conditions. Generally, radio wavea are of a
constant amplitude and constant frequency.

CONTROL ELECTRODE - An electrode used
to initiate or vary the current between
two or more electrodes.

CONTROL GRID - Grid electrode, originally
placed between the cathode and anode of
an electron tube, for use as a control electrode.

CONTROL GRID BIAS - Average DC volt-
age between the control grid and cathode
of a vacuum tube.
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CONTROL TRANSFORMER Synchro in
which the electrical output of the rotor is
dependent on both ,,the shaft Psalm and
the electrical input to the stator.

CONTROL UNIT - In computers, that part
which causes the arithmetic unit, storage,
and transfer of a computer to operate in
proper sequence.

CONTROL WINDING - Winding by means of
which a controlling magnetomotive force is
applied to a core.

CONVERSION GAIN - (1) Ratio of the IF
output voltage to the input signal voltage
of the first detector of a superheterodyne
receiver. (2) Ratio of the available IF power
output of a converter or mixer to the avail-
able RF power input.

CONVERTER - Section of a superheterodyne
radio receiver which converts the desired
incoming RF signal to a lower carrier fre-
quency known as the intermediate frequency.

CONVERTER TUBE - Mtdilelement vacuum
tube used both as a mixer and an oscillator
in a superheterodyne receiver. It creates a
local frequency and combines it with an
incoming signal to produce an intermediate
frequency.

COPPER-OXIDE RECTIFIER - A metallic
rectifier made' of alternate layers of one
or more discs or squares of copper on
copper oxide.

CORE - (1) Magnetic material placed with-
in a coil to change the Intensity of the
magnetic field. (2) Magnetic material inside
a relay or inductor coil winding.

CORNER - Abrupt change in the direction
of the axis of a waveguide.

CORONA - Luminious discharge due to ioni-
zation of the air surrounding a conductor
around which exists a voltage gradient ex-
ceeding a certain critical value.
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COULOMB Measure of the quantity of
electricity. One coulomb is equal to a our
rent of 1 ampere flowing for 1 second;
6.28 x 1016 electrons equal 1 coulomb.

COULOMB'S LAW Law of electrostatic
attraction. The force of attraction or repul-
sion between two charges of electricity con
centrated at two points in an isotropic medium
is proportional to the product of their Inapt»
tudes and is inversely proportional to the
square of the distance between them.

COUNTER - Circuit which counts input
pulses. One specific type is a circuit which
produces one output pulse each time it
receives some predetermined number of
input pulses. The same term may also be
applied to several such circuits connected in
cascade to provide digital counting.

COUNTER-ELECTROMOTIVE FORCE - The
effective electromotive force within the sys-
tem which opposes the passage of current
in a given direction.

COUNTERPOISE - A system of wires or
other conductors, eleyated above and in-
sulated from the ground, forming a lower
system of conductors of an antenna.

COUNTING CIRCUIT - Circuit which receives
uniform pulses representing units to be
counted and produces a voltage in proportion
to their frequency.

COUPLING - Association of two circuits
so that electrical energy may be transferred
from one to the other.

COUPLING CAPACITOR - Capacitor used to
couple two circuits together. Coupling is
accomplished by means of capacitive react-
ance common to both circuits.

COUPLING TRANSFORMER - Transformer
used to couple two circuits by means of
mutual inductance.

CRITICAL ANGLE - Maximum angle at which
a radio wave may be emitted from an antenna,
in respect to the plane of the earth, and still
be returned to the earth by refraction in the
ionosphere.

12
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CRITICAL. COUPLING Degree of coupling
between two circuits independently resonant
to the same frequency which results In nuud
mum transfer of energy at the resonant
frequency.

CROSS MODULATION - Cross modulation is
unwanted modulation produced by one fre-
quency altering, in some manner, another
frequency. Cross modulation usually results
from nonlinear circuits or overloading of
equipment and generally causes crosstalk,
either intelligible or unintelligible.

CROSSTALK - Unwanted sound reproduced
by a given transmission channel resulting
from cross coupling to another transmission
channel, or, by extension, the electric waves
in the disturbed channel which result in
sound.

CRYSTAL (1) Natural substance, such as
quartz or tourmaline, which is capable of pro-
ducing a voltage when under pressure or
stress, or producing pressure when under an
applied voltage. It has the property of respond-
ing only to a given frequency when cut to a
given thickness. It is therefore a valuable
medium to control the frequency of radio
transmitters. (2) Nonlinear element, such as
galena or silicon, in which case the piezo-
electric characteristic is not exhibited.

CRYSTAL CONTROLLED TRANSMITTER -
Radio transmitter whose carrier frequency
is directly controlled by a crystal oscillator.

CRYSTAL DETECTOR - Mineral or crystal-
line material which allows electrical cur-
rent to flow more easily in one direction
than In the opposite, thus converting alter-
nating current to pulsating current.

CRYSTAL OSCILLATOR - Oscillator circuit
in which a crystal is used to control the
freqUency and to reduce frequency insta-
bility.

CRYSTAL OVEN - Container, maintained
at a constant temperature, in which a crystal
and its bolder are enclosed in order to
reduce frequency drift.
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CRYSTAL RECTIFIER Electrically con -
ductive,ductive or semiconductive substance, natural
or synthetic, which has the property of
rectifying voltages.

CURRENT Drift of electrons past a refer-
ence point. The passage of electrons through
a conductor. Measured in amperes.

CURRENT AMPLIFICATION Ratio of out-
put to input currents of an amplifier, or
transducer.

CURRENT AMPLIFIER - Amplifier capable
of delivering considerable current at a low
voltage.

CURRENT SATURATION - Condition in which
the current of a device cannot be further
increased by increasing the voltage.

CUTOFF - Minimum value of bias which
cuts off, or stops, the flow of tube current.
In a transistor, when the output is no longer
a function of the input and current is minimum.

CUTOFF LIMITING - Limiting a signal
by driving an amplifier beyond cutoff.

CYCLE - (1) One complete positive and one
complete negative alternation of an alter-
nating current. (2) Complete setof any recur-
rent values.

CYCLE PER SECOND - The number of cycles
occurring in 1 second is called the frequency.
Frequency is expressed in hertz (Hz).

DAMPED OSCILLATION - Oscillation which,
because the driving force has been removed,
gradually dies out, each cycle being smaller
than the preceding, in smooth, regular decay.

DAMPED WAVE - A wave such that, at
every point, the amplitude of each sinusoidal
component is a decreasing function of the
time.

DAMPING - (I) Reduction of energy in a
mechanical or electrical system by absorp-
tion or radiation. (2) Act of reducing the
amplitude of the oscillations of an oscil-
latory system; hindering or preventing oscil-
lation or vibration; diminishing the sharpness
of resonance of the natural frequency of a
system.
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VAREONVAL MOVEMENT Meter move..
melt commonly Used in precision instru-
ments for DC measurements. It consists
essentially of a small, lightweight coil of
wire supported on jeweled hearings between
the poles of a permanent magnet. Spiral
springs provide Connections to the coil and
keep the coil and its attached pointer at
zero position on the meter scale. When
the direct current to be measured is sent
through the coil, its magnetic field inter-
acts with that of the permanent magnet and
causes rotation of the coil and pointer.

DATA - Plural term collectively used to
designate material serving as a basis for
discussion; material may or may not be
technical in nature. The singular of data is
datum.

DATA LINK - A communication link in which
intelligence is represented by digital data
rather than by literal means.

DATA PROCESSING - Operations performed
on information to modify it in accordance
with prescribed rules so it can be inter-
preted as required by a system.

DC AMPLIFIER - An amplifier capable of
amplifying direct voltages. It generally em-
ploys, between stages, either resistive cou-
pling alone, or resistive coupling combined
with other forms of coupling.

DC GENERATOR - Rotating electrical ma-
chine that converts mechanical power into
DC power.

DC PLATE RESISTANCE - Value or char-
acteristic used in vacuum-tube computations.
It is equal to the DC plate voltage divided
by the DC plate current and is given the
sign Rp.

DC RESISTANCE - Opposition offered by a
circuit or body to the flow of direct current.

DEAD SHORT - Short circuit having mini-
mum resistance.
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DECIBEL A dimensionless unit for express-
ing the ratio of two values, the number
of decibels being 10 times the logarithm to
the base 10 of a power ratio, or 20 times the
logarithm of the base 10 of a voltage or
current ratio. The abbreviation db is com-
monly used.

DECIBELS ABOVE OR BELOW 1 MILLI-
WATT - Unit used to describe the ratio of
the power at any point in a transmission sys-
tem to a referenced level of 1 milliwatt.
The ratio expresses decibels above or below
the reference level of 1 milliwatt.

DECOUPLING - Preventing transferor . feed-
back of energy from one circuit to another.

DE COUPLING. CIRCUIT - Circuit used to pre-
vent interaction of one circuit with another.

DECOUPLING NETWORK - (1) Networkwhich
is used to prevent the interaction of two
circuits. (2) Network of capacitors and chokes,
or resistors, placed in leads which are com-
mon to two or more circuits to prevent
unwanted and harmful interstage coupling.

DEENERGIZE - Stop the flow of current in
a circuit, or remove the voltage from a cir-
cuit, as by opening a switch.

DEFLECTING ELECTRODE - An electrode,
the potential of which provides an electric
field to produce deflection of an electron
beam.

DEFLECTION Movement of the electron
beam in a cathode-ray tube created by
electromagnetic or electrostatic field, which
are varied to cause the light spot to traverse
the face of the tube in a predetermined
pattern.

DEFLECTION COILS - Coils placed about
the yoke of a cathode-ray tube to cause
the displacement of the electron stream by
the magnetic field produced within the tube
as the result of current flowing through the
coils.
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DEFLECTION FACTOR Reciprocal of the
deflection sensitivity of a cathode -ray tube.
It is, therefore, the amount of change in
the deflecting field that will cause unit dis
Placement of the electron beam at the screen.
It may be expressed as volts per inch or
deflecting coil current per inch.

DEFLECTION PLATES - Two pairs of
parallel electrodes, the pairs set one forward
of the other and at right angles to each other,
parallel to the axis of the electron stream,
within an electrostatic cathode-ray tube. An
applied potential produces an electric field
between each pair which, by varying the
applied potential, may be varied to cause a
desired angular displacement of the electron
stream.

DEFLECTION SENSITIVITY OF CATHODE-
RAY TUBE - Quotient of the displacement
of the electron beam at the place of impact
to the change in the deflecting field. Usually

,expressed in millimeters per volt applied
between the deflection plates, or in milli-
meters per gauss of the deflecting magnetic
field.

DEFLECTION YOKE - Assembly of one or
more electromagnets to produce deflection
of one or more electron beams.

DEGASSING - Process of driving out and
exhausting any gases that are occluded in
the electrodes and other parts of a vacuum
tube and that would not be removed by evac-
uation alone.

DEGAUSSING - Demagnetizing

DEGENERATION - Process whereby a part
of the output power of an amplifying device
is returned to its input circuit in such a
manner that it tends to cancel the input.

DELAYED AUTOMATIC VOLUME CON-
TROL - Automatic volume control circuit that
acts only on signals above a certain strength.
It thus permits reception of weak signals
even though they may be fading, whereas
normal automatic volume control would make
the weak signals weaker. The delayed action
is obtained by introducing a bias voltage
that is in series with, and in opposition to
the automatic volume control voltage.

153



r

''....."

DELAYED SWEEP - Sweep of the electron
beam of a cathode-ray tube in which the
beginning of the sweep is delayed for a
time after the pulse which initiates the
sweep.

DELAY LINE - Any device for producing a
time delay of a signal.

DELTA MATCHING TRANSFORMER - An
impedance device used to match the imped-
ance of an open wire transmission line to
an antenna. The two ends of the transmission
line are fanned out so that the impedance of
the line gradually increases. The ends of
the transmission line are attached to the
antenna at points of equal impedance, sym-
metrically located with respect to the center
of the antenna.

DEMODULATION DETECTION - (I) A pro-
cess wherein a wave resulting from previous
modulation is employed to derive a wave
having substantially the characteristics of the
original modulating wave. (2) Process of
extracting the signal intelligence from a
modulated carrier wave.

DEMODULATOR - Device which operates
on a carrier wave so as to recover the
wave with which the carrier was originally
modulated.

DEPLETION LAYER - In a semiconductor,
a region in which the mobile-carrier charge
density is insufficient to neutralize the net
fixed charge density of donors andacceptors.

DETECTION - Process by which a wave cor-
responding to the modulating wave is ob-
tained in response to a modulated wave.

DETECTOR - (I) Rectifier tube, crystal,
or dry disc by which a modulation envelope
on a carrier, or the simple on-off state of
a carrier, may be made to drive a lower-
frequency device. (2) Stage or circuit in a
radio set that demodulates the RF signal
into its audio or video component. (3) Re-
ceiver circuit which derives the desired
sound from the modulated carrier wave.

IS
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DETENT - Stop or checking device, as a
Pin or lever on a ratchet wheel or similar
device.

DETUNE - To adjust a circuit so that it
is not resonant to an applied frequency.

DEVIATION - Term used in frequency modu-
lation to indicate the amount by which the
carrier or resting frequency increases or
decreases when modulated.

DIAMAGNETIC -Magnetic permeability less
than one and hence less than that of a
vacuum. Examples are bismuthand antimony.

DIELECTRIC - Term applied to the insulating
material between the plates of :. capacitor.
Air, paper, mica, and oil are dielectrics.

DIELECTRIC CONSTANT - measure of that
property of dielectric material that deter-
mines how much electrostatic energy can be
stored per unit volume when voltage is
applied, In effect, it is the ratio of the
capacitance of a capacitor with a given
dielectric to that of the same capacitor
having a vacuum dielectric.

DIELECTRIC LOSS - Time rate at which
electric energy is transformed into heat in
a dielectric when it is subjected to achanging
electric field.

DIFFERENTIATING CIRCUIT - Circuit which
produces an output voltage substantially in
proportion to the rate of change of the
input voltage or current. Differentiating cir-
cuit employs time constants that are short
compared to the duration of the pulse applied,
thus differentiating the input pulse.

DIFFUSE - In all directions, not in any
sharply defined path. Applicable to reflec-
tion, refraction, or transmission of light
and other waves.

DIFFUSED JUNCTION - In a semiconductor
device, a junction which has been formed
by the diffusion of an impurity within a
semiconductor crystal.
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DIFFUSION CAPACITANCE Of a semi-
conductor junction, the rate of change of
stored minority-carrier charge with the volt
age across the junction.

DIGITAL COMPUTER - A computer in which
quantities are represehted numerically and
which can be used to solve complex problems.
Electronic computer. use either a decimal
or 'binary system of notations.

DIGITAL DATA - Information expressed in
numerical values based upon some particular
base numbering system.

DIODE - A 2-electrode active device con-
taining an anode and a cathode.

DIODE CLIPPER - See diode limiter.

DIODE DETECTOR - Diode used in a demodu-
lation circuit.

DIODE LIMITER - Peak limiting circuit
employing a diode that becomes conductive
when signal peaks exceed a predetermined
value.

DIODE MIXER - Diode in an RF line which
mixes incoming radio frequency and local
oscillator signals to produce an intermediate
frequency.

DIODE RECTIFICATION - Half-wave recti
fication by means of a diode which depends
on the fact that a diode passes current in
one direction only.

DIODE SEMICONDUCTOR A 2-electrode
semiconductor device having an asymmetric al
voltage-current characteristic.

DIPOLE ANTENNA - Straight radiator, usu-
ally fed at the center, producing a maximum
of radiation in the plane normal to its
axis. The length specified is the overall
length. NOTE: Common usage in microwave
antennas considers a dipole to be a metal
radiating structure which supports a line
current distribution similar to that of a
thin, straight wire, a half wavelength long,
so energized that the.engrent has two nods.1
one at each of the far ends.
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DIRECT CURRENT Unidirectional current
which has an essentially constant average
value.

DIRECTIONAL ANTENNA - Antenna which
radiates or receives radio waves more ef-
fectively in some directions than others.
The term is usually applied to antennas
whose directivity is larger than that of a
half-wave dipole.

DIRECTOR, ANTENNA - A parasitic antenna
element of a directional array located in
the general direction of the major lobe of
radiation.

DISCHARGE - (1) Release of stored-up elec
tricity. (2) In a storage battery, the con-
version of the chemical energy of the battery
into electric energy.

DISCHARGE TUBE - Any tube containing
gas or vapor which is capable of being
discharged by ionization.

DISCHARGING CURRENT - Current obtained
by discharging a capacitor.

DISCRIMINATOR - (1) Device in which amp-
litude variations are derived in response to
frequency or phase variations. (2) Part of a
receiver circuit which removes the desired
signal from an incoming FM carrier wave
by changing modulations in terms of fre-
quency variations into amplitude variation.
(3) Circuit, the output voltage of which
varies as a defector in an FM receiver.

DISTORTION - Undesired change in wave-
form.

DISTRIBUTED CAPACITANCE - Capacitance
that exists between the turns in a coil or
choke, or between adjacent conductors or
circuits, as distinguished from the capacit-
ance which is concentrated in a capacitor.

DISTRIBUTED INDUCTANCE - Inductance
thaeixists along the entire length of a
conductor, as distinguished from the induct-
ance which is concentrated in an inductor.
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DLATER The lowest ionospheric layer.
Its intensity is proportional to the height
of the sun and is greatest at noon. Waves

..... below approximately 3 MHz are absorbed
by the Delayer when it is present. High
angle radiation may penetrate the D-layer
and be reflected by the E-layer.

DONOR - An impurity added to a crystal dur-
ing manufacture to create a semiconductor.
The donor transfers an electron to the
conduction band.

DOPING - In a semiconductor device, a
process of adding impurities to achieve
desired characteristics.

DOPPLER EFFECT - (1) Phenomenon evi-
denced by the change in the observed fre-
quency of a wave in a transmission system
caused by a time rate of change in the
effective length of the path of travel between
the source and the point of observation.
(2) Change, or apparent change, in a wave-
length of sound, light, or other radiation
when the source and the observer are in
motion relative to one another.

DOPPLER SHIFT - Magnitude, in hertz, of
the change in the observed frequency of a
wave caused by the Doppler effect.

DOSIMETER - Instrument used to measure
the radiation absorbed during a period of
time.

DOUBLE DIODE - Vacuum tube (or semi-
conductor) having two diodes in the same
envelope.

DOUBLE-DIODE LIMITER - Type of limiter
which is used to remove all positive signals
from a combination of positive and negative
pulses, or to remove all the negative sig.-
anls from such a combination of positive
and negative pulses.

DOUBLER - Electronic circuit in which the
output is tuned to twice the frequency of the
input. ... ,...._.. _
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DOUBLE -SIDE BAND TRANSMISSION - Meth-
od of communication in which the frequencies
produced by the process of modulation are
symmetrically spaced both above and below
the carrier frequency and are all transmitted.

DO UBLE - SUPERHETERODYNE RECEP-
TION Method of reception in which two
frequency converters are employed before
final detection.

DOUBLE-TUNED AMPLIFIER - Amplifier
of one or more stages in which each stage
utilizes coupled circuits having two tuned
circuits.

DRIVEN-ELEMENT ANTENNA - Antenna
array element that receives power directly
from the transmitter.

DRIVER - (1) Electronic circuit which sup-
plies input to another electronic circuit.
(2) Stage of amplification which precedes
the power output stage.

DROPOUT VOLTAGE OR CURRENT - Of
a magnetically operated device, the voltage
(or current) at which the device will re-
lease to its deenergized posttion.

DROPPING RESISTOR - Resistor used to
decrease a given voltage to a louer value.

DRY CELL - A cell in which the electrolyte
exists in the form of a Jelly, or is absorbed
in a porous medium, or is otherwise re-
strained from flowing from its intended
position. Such a cell is completely portable
and the electrolyte is nonspillable.

DRY-ELECTROLYTIC CAPACITOR - Elec-
trolytic capacitor in which the electrolyte
is in paste, rather than liquid form.

DUMMY ANTENNA - A device which has
the necessary impedance characteristics of
an antenna and the necessary power-handling
capabilities, but which does not radiate or
receive radio waves. NOTE; In receiver
practice, that portion of the impedance not
included in the signal generator is often
called dummy antenna.
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DUTY CYCLE (1) Cycle of starting, runs
ning, and stopping operations that a motor
or other equipment of intermittent duty per*
forms. (2) Ratio of pulse duration time to
pulse repetition time, which is the same as
the ratio of average power to peak power in a
pulse.

DYNAMIC CHARACTERISTICS Relation
between the instantaneous plate voltage and
plate current of a vacuum tube as the voltage
applied to the grid is increasedor decreased.

DYNAMIC LOUDSPEAKER Loudspeaker in
which the coil carrying the AF current is
attached to the moving diaphragm or core.

DYNAMIC PLATE RESISTANCE - Opposition
that the plate circuit of a vacuum tube offers
to a small increment of plate voltage. It is
the ratio of a small change in plate voltage
to the resulting change in the plate current,
other tube voltages remaining constant. Dy-
namic plate resistance is usually designated
by rp and is expressed in ohms.

DYNAMO - Machine for converting mechani-
cal energy into electrical energy generally
called a generator. The term dynamo more
often applies to a DC generator, while alter-
nator applies to an AC generator.

DYNAMO'COR - Combination electric motor
and DC generator having two or more sep-
arate armature windings and a common
set of field, poles. One armature winding
receiving direct current operates as a motor
producing rotation, while the others operate
as a dynamo or generator, generating volt-
age. More simply a rotating device usedlo
change on DC voltage to a different DC voltage.

DYNATRON - Four - electrode vacuum tube
so designed that secondary emission of elec-
trons from the plate causes the plate current
to decrease as plate voltage is increased
giving a negative resistance characteristic.
Used in oscillator circuits.

DYNODE - One of the reflecting electron
mirrors in a multiplier-type phototube. It
is coated with a material capable of high
second emission.

18

ECHO - Wave which has been reflected or
otherwise returned with sufficient magnitude
and delay to be perceived, in some man-
ner, as a wave distinct from the directly
transmitted.

EDDY CURRENT - Currents induced in the
body of a conducting mass by a variation
of magnetic flux.

EFFECTIVE VALUE - Alternating-current
value that will produce the same amount of
heat in a resistance as the corresponding
direct-current value. The effective value is
also called the F.MS (root mean square)
value. It is 0.707 times the peak value for
a sine wave.

EFFICIENCY - Total output power divided
by total input power.

E-LAYER One of the regular ionospheric
layers with an average height of about 100
kilometers. This layer occurs during day-
light hours and its ionization is dependent
on the sun's angle. The principal layer cor-
responds roughly to what was formerly called
the Kennelly- Heaviside layer. In addition,
areas of abnormally intense ionization fre-
quently occur which are called "sporadiiE."

ELECTRICAL CHARGE - Symbol Q, q. The
quantity of electricity on (or in) a body is
the excess of one kind of electricity over
the other kind. A plus sign indicates that
the positive electricity is in excess, a minus
sign indicates that the negative electricity
is in excess.

ELECTRICAL LENGTH - Length expressed
in wavelengths. or angular units. When ex-
pressed in angular units, it is the distance
in wavelengths multiplied by rrr to give
radians or by 360° to give degrees.

ELECTRIC ANGLE - Means of specifying a
particular instant in an AC cycle. One cycle
is considered equal to 360 °, hence a half
cycle is 180° and a quarter cycle is 90°". If
one voltage reaches a peak value a quarter
of a cycle after, another, the electrical
angle between the voltages (the phase differ-
ence) is 00°.
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ELECTRIC BREAKDOWN Electric dis-
charge taking place through an insulating
material,

ELECTRIC FIELD - (1) Region around an
electrically-charged body wherein lines of
electric stress exist. (2) Space in which an
electric charge will experience a force
exerted upon it.

ELECTRICITY - Property of certain par-
ticles to possess a force field which is
neither gravitational nor nuclear. The type
of field force associated with electrons is
defined as negative and that associated with
protons and positrons as positive. The funda-
mental unit is the charge of an electron:
1.60203 x 10-19 coulomb. Electricity can be
further classified as static electricity or
dynamic electricity. Static electricity in its
strictist sense refers to charges at rest
as opposed to dynamic electricity, or charges
in motion.

ELECTRODE - (1) Terminal at which elec-
tricity passes from one medium into another.
(2) Of a semiconductor device, an element
that performs one or more of the functions
of emitting or collecting electrons or holes,
or of controlling their movements by an
electric field. (3) In a vacuum tube, the con-
ducting element that performs one or more
of the functions of emitting, collecting, or
controlling electrons.

ELECTRODE VOLTAGE OR POTENTIAL -
Voltage between an electrode and the cathode.

ELECTROLYTE - Any substance whose solu-
tions have the property of conducting electric
current.

ELRCTROLYTIC CAPACITOR - Capacitor
which is comprised of two plates separated
by electrolyte. Under the action of the applied
DC voltage, a film of hydrogen gas is formed
on one plate, and it is this film which acts
as the dielectric. This type of construction
makes it possible to concentrate large values
of capacitance in a relatively small space.
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ELECTROMAGNET An electrically excited
magnet capable of exerting mechanical force,
or of performing mechanical work.

ELECTROMAGNETIC COUPLING Coupling
that exists between circuits when they are
mutually affected by the same electromag-
netic field,

ELECTROMAGNETIC DEFLECTION - Beam
control of the electron beam in a cathode-
ray tube by magnetic circuit. Pairs of coils
are mounted on the neck of the tube outside
of the glass envelope and excited by volt-
ages applied in such a manner that a saw-
tooth wave of current flows through the coils.
The varying magnetic field deflects thebeam.

ELECTROMAGNETIC ENERGY - Forms of
radiant energy, such as radio waves, heat
waves, light waves, X-rays, gamma rays, and
cosmic rays.

ELECTROMAGNETIC FIELD - (1) Field of
influence which an electric current produces
around the conductor through which it flows.
(2) Rapidly moving electric field and its
associated magnetic field located at right
angles to both electric lines of force and to
their direction of motion. (3) Magnetic field
resulting from the flow of electrons.

ELECTROMAGNETIC FOCUSING - The use
of magnetic coils in a CRT to direct a
magnetic or magnetostatic focusing field on
the electron beam.

ELECTROMAGNETIC INDUCTION- Produc-
tion of a voltage in a coil due to a change
in the number of magnetic lines of force
(flux linkages) passing through the coil.

ELECTROMAGNETIC RADIATION - Emis-
sion of energy in the form of electromagnetic
waves. The term is also used to describe
the radiated energy.

.ELECTROMAGNETIC WAVE - (1) Trans-
verse wave associated with the transmission
of electromagnetic energy. (2) Wave pro-
duced by the oscillation of an electricc.hsuge.
(3) Wave in which there are both electric
and magnetic displacements. (4) Electro-
magnetic waves are known as radio waves,
heat rays, light rays, X-rays, etc., depend-
ing on the frequency.
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ELECTROMOTIVE FORCE - Property which
tends to alter the motion of electricity or
to maintain its motion against resistance.
Difference of electrical potential or pres-
sure, measured in volts.

ELECTRON - Elementary negative charge
that revolves around the nucleus of an atom.

ELECTRON-COUPLED OSCILLATOR - An
oscillator employing a multigrid tube in
which the cathode and two grids operate in
a conventional manner as an oscillator
and in which the plate circuit load is coupled
to the oscillator through the electron stream.

ELECTRON DRIFT - Actual movement of
electrons in a definite direction through a
conductor during current flow, as contrasted
with transfer of energy from one electron
to another by collision.

ELECTRON EMISSION - Liberation of elec-
trons from the surface' of a body into space
under the influence of heat, light, im-
pact, chemical disintegration, or a potential
difference.

ELECTRON GUN - An electrode structure
which produces and may control focus, de-
flect, and converge one or more electron
beams.

ELECTRON EFFICIENCY - The ratio of the
power at the desired frequency, delivered
by the electron stream to the circuit in
an oscillator or amplifier, to the average
power supplied to the stream.

ELECTRONICS - Branch of science which
deals with the motion, conversion, and be-
havior of electrons.

ELECTRON TUBE - An electronic device
in which conduction takes place by electrons
moving through a vacuum or gaseous medium
with a gas-tight envelope.

ELECTROSTATIC - Pertaining to electricity
at rest, such as charges on an object (static
electricity).
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ELECTROSTATIC CHARGE - Electric charge
stored in a capacitor or on the surface of
an insulated object.

ELECTROSTATIC DE FLE CTION Deflecting
an electron beam by applying a voltage be-
tween plates mounted inside a cathode -ray
tube.

ELECTROSTATIC FIELD - Field of force
(influence) between two electrically charged
bodies.

ELECTROSTATIC FOCUS - Production of a
focused electron beam in a cathode-ray
tube by the application of an electric field.

ELECTROSTATIC SHIELD - Shield used to
prevent electrostatic coupling between cir-
cuits but which permits electromagnetic
coupling.

ELEMENT - (1) Substance, in chemistry,
that cannot be divided into simpler sub-
stances by any means ordinarily available.
(2) Radiator, active or parasitic, that helps
make up an antenna. (3) Element or finished
element is sometimes applied as a synonym
of oscillator plate. (4) Of a semiconductor
device, any integral part of the semiconductor
device that contributes to its operation.

EMISSION - (1) Radio waves radiated into
space by a radio transmitter. (2) Process
of ejecting electrons from the surface of
a material under the influence of heat, radia-
tion, or other causes.

EMITTER - Of a transistor, a region from
which charge carriers that are minority
carriers in the base are injected into the
base.

EMITTER JUNCTION - Of a transistor, a
junction normallyblased in the low-resistance
direction to inject minority carriers into
a base.

ENABLING PULSE - A pulse which prepares
a circuit for some subsequent action.
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END-TIRE ARRAY A driven antenna array
in which the elements are parallel and in
the same plane. The elements are excited
so that the currents are out of phase. Maxi-
mum radiation occurs along the plane of the
elements.

ENERGIZE - Supply power necessiat7 topro-
vide normal and effective operation (such
as with transmitters, receivers, relays, and
other equipment).

ENERGY GAP Of a semiconductor, the
energy range between the bottom of the
conduction band and the top of the valence
band.

ENVELOPE - (1) Glass or metal housing
of a vacuum tube. (2) Curve drawn to pass
through the peaks of a graph showing the
waveform of a modulated radio-frequency
carrier signal.

EQUIVALENT CIRCUIT - An electrical cir-
cuit, usually drawn, which is electrically
equivalent to another electrical circuit or
mechanical device. The equivalent circuit
is used for analysis of complex circuits.
In transistor design and study, the equivalent
circuit makes it possible to easily analyze
transistor action.

ERROR SIGNAL - Signal, in an automatic
control device, whose magnitude and sign
are used to correct the alignment between
the controlling and the controlled elements.

E-WAVE - Designation of transvelse mag-
netic waves. One of the two classes of electro-
magnetic waves that can be sent through
waveguides.

EXCESS ELECTRON - An electron intro-
duced into a semiconductor by a donor
impurity and available topromote conduction.
An excess electron is not required to com-
plete the bond structure den semiconductor.

EXCITATION - (1) Electrical energy which,
when applied to a device, causes that device
to produce an effect. (2) In electric or
electromagnetic equipment, supplying with
potential, a charge, or a magnetic field.
(3) The addition of energy to a system so
as to transfer it from its ground state to an
excited state.

I GO

1,5-10

EXCITER - (1) Part of a directral tram-
milting antenna system which s directly
connected to the source of power, as to the
transmitter, (2) Crystal oscillator or self-
excited oscillator that generates the carrier
frequency of a transmitter. (3) Small auxi-
liary generator that provides field currents
for generator.

EXCLUSIVE OR CIRCUIT Circuit that
produces an output signal when any one,
but not more than one, input is in its pre-
scribed state.

EXPONENTIAL - Pertaining to exponents or
to an expression having exponents. Aquantity
varying in an exponential manner is increas-
ing according to the square, or some other .
power, of a factor instead of linearly.

EXTERNAL RESISTANCE - Resistance that
is connected externally betweenthe terminals
of a battery or generator.

EXTINCTION POTENTIAL - Lowest value
to which the plate voltage of a gaseous tube
can be reduced from a higher value under
given conditions without stopping the flow of
plate current.

FACTOR - Elements, quantities, or symbols
which, when multiplied together, form a
product.

FARAD - Basic unit of capacitance. A capac-
itor has a capacitance of 1 farad when a
voltage change of 1 volt per second across
it produces a current of 1 ampere.

FARADAY SHIELD - Network of parallel
wires connected to a common conductor at
one end to provide electrostatic shielding
without affecting electromagnetic waves. The
common conductor is usually grounded.

FEEDBACK - Method of regeneration or
degeneration involving a coupling where a
signal is fed from a high level point in an
amplifier to a lower level point in the same
or a previous stage in such a manner as
either to increase or to decreasethe apparent
gain of the amplifier.
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FERROMAGNETIC MATERIAL- Highly mag-
netic material, such as iron, cobalt, nickel,
or alloys, make up these materials.

FERROMAGNETISM Magnetism exhibited
by ferrite. and similar substances wherein
neighboring ions in the presence of a magnetic
field align themselves antiparallel. Since
the magnetic momenta of neighboring ions
may be different in magnitude, the effective
magnetization can be quite large.

FIDELITY - Synonym for lack of waveform
distortion. Used to denote the accuracy with
which a waveform is duplicated after having
passed through a transmission system or
Portion thereof. Fidelity, however, as the
word is commonly used, is not affected by
waveform impairment due to the introduction
of interference.

FIELD COIL - A suitable insulated winding
to be mounted on a field pole to magnetize it.

FIELD DENSITY - In a particular cross-
sectional area of a magnetic or electric field,
the number of magnetic or electric lines of
force or the magnetic or electric fluxpassing
through it.

FIELD EFFECT TETRODE - Four-terminal
device consisting of two independently ter-
minated semiconducting channels so displaced
that the conductance of each is modulated
along its length by the voltage conditions in
the other.

FIELD EFFECT TRANSISTOR - Transistor
that uses charge carriers of only one polarity.
The input signal modulates a transverse
electric field to vary the effective cross-
sectional area of the semiconductor, thereby
varying the resistance that controls output
current.

FIELD EFFECT YARISTOR - Passive 2-
terminal nonlinear semiconductor device that
maintains constant current over a wide voltage
range.
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FIELD EMISSION .. The emisalbn of elec-
trons from unheated surfaces, produced by
sufficiently strong electric fields.

FIELD INTENSITY - Electric or magnetic
field intensity at a given location associated
with the passage of radio waves. It is com-
monly expressed in terms of electric Held
intensity, in microvolts, millivolts, or volts"
per meter. In the case of a sinusoidal wave,
the root-mean-square value is commonly
stated. Unless otherwise stated it is taken
in the direction of maximum field intensity.

FIELD OF FORCE - Term used to describe
the total force exerted by an action-at-a-
distance phenomenon such as gravity upon
matter, electric charges acting upon electric
charges, magnetic forces acting upon other
magnets or magnetic materials.

FILAMENT - A cathode of a thermionic
tube, usually in the form of a wire or
ribbon, to which heat may be supplied by
passing current through it.

FILTER - Network of resistors, inductors,
and capacitors, or any one or two of these,
which offers comparatively little opposition
to certain frequencies or to direct cur-
rent, while blocking the passage of other
frequencies.

FIRING - Of any gas or vapor filled tube,
it is the process of gas ionization and the
start of current flow.

FIRST DETECTOR - Circuit in a super-
heterodyne receiver in which the signal
being received and the local-oscillator sig-
nal are combined to produce the IF signal.

FIXED BIAS - Bias voltage of constant value.

FIXED CAPACITOR - Capacitor having a
definite capacitance value that . cannot be
adjusted.

FIXED RESISTOR - Resistor having a definite
resistance value that cannot be adjusted.

FLASHBACK VOLTAGE - The inverse peak
voltage at which ionization takes place in a
gas tube.
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FLIP-FLOP - (1) Device having two stable
states and two input terminals (or types of. input signals) each of which corresponds
with one of the two state.. The circuit
remains in either state until causedto change
to the other state by application of the

'device
signal. (3) A similar bistable

device with an input which allows it to act
as a single-stage binary counter.

FLOATING GRID - Vacuum-tube grid that is
not connected to any circuit. It assumes a
negative potential with respect to the cathode.

FLOW - Passage of electrons (a current)
through a conductor or through space be-
tween electrodes.

FLUORESCENT SCREEN - Coating of flu-
orescent material on the inner face of a
cathode-ray tube.

FLUX - (1) Material used to promote fusion
or joining of metal in soldering, welding,
or smelting. Rosin is widely used as a flux
in electric soldering. (2) In electrical or
electromagnetic devices, general term used
to designate collectively all the electric or
magnetic lines of force in a region.

FLUX DENSITY - Number of magnetic lines
of force passing through a given area.

FLYBACK - (I) The shorter of the two
time intervals comprising a sawtooth wave.
(2) As applied to a cathode-ray tube, the
return of the spot to its starting point
after having reached the end of its trace.
This portion of the wave is usually not seen
because of blanking circuits.

FLYWHEEL EFFECT - The ability of a
resonant circuit to operate continuously (be-
cause of energy storage) from short, con-
stant phase and frequency pulses.

FOCUS - To make appropriate electrical
adjustments in order to give a sharp image
of sweep line or signals on the face of a
cathode-ray tube.

,
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FOCUSING ANODE - One of the electrodes
in a cathode-ray tube, the potential of which
may be varied to focus the electron beam.
Varying the potential changes the electrio
field, and thereby alters the path of the
electrons to change the spot size.

FOCUSING ELECTRODE - Electrode to which
a potential is applied to control the cross-
sectional area of the electron beam in a
cathode-ray tube.

FOLDED DIPOLE ANTENNA - An antenna
composed of two parallel, closely spaced
dipole antennas, connected together at their
ends with one of the dipole antennas fed at
its center.

FORWARD BIAS - Bias applied to a semi-
condictor junction with polarity so that
relatively high current flows through the
junction.

FORWARD CURRENT - Current which flows
upon application of forward voltage.

FORWARD DIRECTION - Of asemiconductor
diode, the direction of lower resistance to
the flow of steady direct current.

FREE ELECTRONS - Electrons which are
not bound to a particular atom, and are free
to move under the influence of an electric
field.

FREE-RUNNING MULTIVIBRATOR - Multi-
vibrator so arranged that it does not need
a trigger pulse to start operation.

FREE-RUNNING SWEEP - Sweep triggered
continuously by an internal trigger generator.

FREE SPACE - Empty space with no free
electrons or ions present. It has approxi-
mately the electrical constants of air.

FREQUENCY - (1) Of a periodic quantity
in which time is the independent variable,
the number of periods occurring in unit
time. (2) Number of complete cycles existing
in the form of a wave motion, such as
alternating current or sound waves, per
unit of time. When the time unit is I second,
frequency is expressed in hertz.

1 C 2
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FREQUENCY BAND Continuous range of
frequencies extending between two limiting
frequenCiel .

FREQUENCY DISCRIMINATOR A device
in which amplitude variations are derived
in response to frequency variations. If the
device responds to variations in phase, it
is known as a phase discriminator.

FREQUENCY DISTORTION - (1) Distortion
which occurs as a result of failure 'to amplify
or attenuate equally all frequencies present
in a complex wave. (2) Impairment of fidelity
introduced by a transducer as a result of
the unequal transfer of frequencies (e.g.,
unequal amplification of frequencies within
the passband of an amplifier).

FREQUENCY DOUBLER - A device whose
output circuitry is resonant to the second
harmonic of the input signal making the
output frequency double that of the input.

FREQUENCY MODULATION - (1) The term
"frequency modulation" means a system of
modulation where the instantaneous ampli-
tude of the modulating signal and the instan-
taneous radio frequency is independent of
the frequency of the modulating signal.
(2) Angle modulation in which the instan-
taneous frequency of a sine wave carrier is
caused to depart from the carrier frequency
by an amount proportional to the instantaneous
value of the modulating wave. NOTE: Com-
bination of phase and frequency modulation
is commonly referred to as frequency
modulation.

FREQUENCY MULTIPLIER - (1) Device for
delivering an output wave whose frequency is
a multiple of the input frequency. Frequency
doublers and triplers are special cases of
frequency multipliers. (2) An amplifier cir-
cuit which amplifies a harmonic. Its output
frequency is some multiple of the original
frequency.

FREQUENCY PULLING - Frequency pulling
of an oscillator is the change of the gen-
erated frequency caused by a change of load
impedance.
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FREQUENCY RANGE Of a device, the ire..
quenty band over which the device is designed
to operate.

FREQUENCY RESPONSE Measure of effec-
tiveness with which a Circuit or device
transmits the different frequencies applied
to it.

FREQUENCY SHIFT KEYING That form
of frequency modulation in which the modus
lating wave shifts the output frequency be-
tween predetermined values, and the output
wave has no phase discontinuity.

FREQUENCY TRIPLER - An amplifier, the
output circuit of which is resonant to the
third harmonic of the input signal. The output
frequency is three times that of the input.

FRONT-TO-BACK RATIO - (1) Ratio of the
resistance of a crystal to current flowing
the normal direction to the resistance to
current flowing in the opposite direction. A
term used in connection with checking crystals
used as mixers in microwave receivers.
(2) Power ratio of a directional antenna be-
tween the front and rear ratio. (3) Ratio of
signal strength transmitted in a forward
direction to that transmitted in a backward
direction. For receiving antennas, refers to
the ratio of received signal strength when
the signal source is in the front of the
antenna to the received signal strength when
the antenna is rotated 180°.

FULL-WAVE RECTIFIER - Rectifier ar-
ranged so that current is allowed to pass
in the same direction to the load circuit
during each half cycle of the alternating
current supply.

FUNDAMENTAL FREQUENCY - Of a perio-
odic quantity, the frequency of a sinusoidal
quantity which has the same period as the
periodic quantity.

FUSE - Protective device, used in an electric
Circuit, containing a wire, bar, or strip of
fulsible 'metal. When the current increases
beyond the rated strength of the fuse, the
metal melts and the circuit is broken.
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FUSED JUNCTION In a semiconductor,
a lunation formed by a reelistalliZation on
a base crystal front a liquid phase of one
or more components and the semiconductor.

GAIN - Ratio of output to input voltage,
current or power venally expressed in
decibels. Gain and transmission pin are
general terms Used to denote an increase
in signal power in transmission from one
point to another. Gain is usually expressed
in decibels and is widely used to denote
transducer gain.

GAIN CONTROL Control connected so that
it can change the overall gaincdanampliffer.

GALVANOMETER - An instrument for indi-
cating or measuring a small electric cur-
rent, or a function of the current, by means
of a mechanical motiondarivedfrom electro-
magnetic or electrodynamic forceswhich are
set up as a result of the current.
GAMMA Forward current transfer ratio
for a common collector configuration.

GANG - Couple mechanically two or more
variable components (capacitors, switches,
and potentiometers) to facilitate operation
from a single control knob.

GAS CURRENT - Current flowing to an
electrode and composed of positive ions
which have been produced as a result of
gas ionization by an electron current flow-
ing between other electrodes.

GASSINESS - The presence of unwanted gas
in a vacuum tube, usually in relatively small
amounts, caused by the leakage from out-
side or evolution from the inside walls or
elements of the tube.

GAS TUBE - An electron tube in which the
contained gas or vapor performs the primary
role in the operation of the tube.

GATE - (I) Circuit in which a signal (gen-
erally a square wave) switches =lathe r signal
on or off. (2) Circuit having an output and
one or more inputs so designed that the out-
put is energized when and only when certain
input conditions are met. (3) One of the
electrodes in a field effect transistor. (4) To
control the passage of pulse or signal.
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GAUSS The electromagnetic unit of map
netic induction. One puss represents one
line of flint per square centimeter.

GENERATOR (1) Rotating mediae which
converts mechanical energy into electrical
energy. (2) Radio device which develops an
AC voltage at a desired frequency and of a
desired shape when energindwithDC power.
(3) Any device which generates electricity.

GERMANIUM DIODE Rectifier or detector
using metallic germanium crystal.

GETTER Alkali metal introduced into a
vacuum tube during manufacture and tired
after the tube has been evacuated to react
chemically with any gases which may have
been left in manufacturer. The silvery deposit
on the inside of the glass envelope of a tube,
usually near the tube base, is the result of
getter firing.

GIGA - A prefix indicating that the unit is
raised to the ninth power of 10. Thus I Sign-
hertz is I billion hertz.

GILBERT - Unit of magnetomotive force in
the centimeter-gram-second electromagne-
tic system. The value of the magnetomotive
force in gilberts in any magnetic circuit
is equal to the line integral around the cir-
cuit of the magnetic intensity when the
magnetic intensity is expressed in oersteds
with length being in centimeters. One gilbert
is equivalent to 0.7956 ampere turns.

GLOW-DISCHARGE VOLTAGE REGU-
LATOR - Gas tube that varies in resistance,
depending on the value of the appliedvoltage.
It is used for voltage regulation.

GLOW LAMP - One in which light is pro-
duced by a glow discharge between two
electrodes in an evacuated envelope into
which a small quantity of gas or vapor has
been introduced. It does not provide rectifi-
cation. Neon gives a reddish-orange glow,
mercury vapor gives a blue glow, and argon
gives a purple glow.

GRAPH - Pictorial presentation of the rela-
tion between two or more variable quantities,
such as between an applied voltage and the
current it produces in a circuit.
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GRID BIAS Direct - current voltage between
the grid and the cathode of an electron tube.

GRID BLOCKING Blocking of capacitance-
couple stages in an amplifier caused by
the accumulation of Charge on the coupling
condensers due to grid current passed dur-
ing the reception of large signals.

GRID CAPACITOR - Capacitor which is con-
nected in series with the grid lead of an
electron tube.

GRID CIRCUIT - Circuit connected between
the grid and cathode of a vacuum tube,
forming the input circuit of the tube.

GRID EMISSION - Electron or ion emission
from a grid of an electron tube.

GRID LEAK - A high resistance connected
siert*s the grid-input capacitor or between
the grid and the cathode to provide a DC
path from grid to cathode njul to limit the
accumulation of charge on thel grid.

GRID-LEAK DETECTOR - Triode or multi-
electrode tube in which rectification occurs
because of electron current to the grid. The
voltage associated with this flow through a
high resistance in the grid circuit appears
in amplified form in the plate circuit.

GRID LIMITING - A limiter circuit which
operates by limiting positive grid voltages
by means of a large ohmic value resistor.
As the exciting signal moves in a positive
direction with respect to the cathode, cur-
rent through the resistor causes an IR
drop which holds the grid voltage essentially
at cathode potential. During negative exCur-
alone, no current flows in the grid circuit;
so no voltage drops occurs across the
resistor.

GRID RESISTOR - General term used to
denote any resistor in the grid circuit.

GRID SUPPRESSOR A resistor of low
ohmic value (50 to 100 ohme), sometimes
inserted in the grid circuit of an RP ampli-
fier to prevent parasitic oscillations.
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GRID SWING Total variation in irld-cathode
voltage from the positive peak to the nega
tive peak of the applied signal voltage.

GRID VOLTAGE Voltage between a grid
and the cathode measured at the electron
tube terminals.

GROUNDED - Connected to earth or to some
conducting body which serves in place of
earth.

GROUNDED -GRID AMPLIFIER- An
electron.ttube amplifier circuit in which the
control grid is at ground potential at the
operating frequency, with input applied be-
tween. cathode and ground, and the output
load connected between plate and ground.
The gridtoplate impedance of the tube is
in parallel with the load instead of acting
as a feedback path.

GROUND POTENTIAL - Zero potential with
respect to the ground or earth.

GROUND WAVE Radio wave that is pro-
pagated over the earth. A gromd wave in-
cludes all components of a radio wave over
the earth except ionospheric andtropospheric
waves.

GROWN SEMICONDUCTOR - A Junctionpro-
duced during growth of the crystal during a
melt.

HALF-WAVE ANTENNA - An antenna whose
length is lapprcuisnately equal to one-half
the wavelength being transmitted or received.

HALF-WAVE RECTIFIER A nonlinear
device used to rectify alternating current
into direct current. Only one-half of the
input cycle is rectified, the output wave
being a pulsating direct current.

HARD TUBE - IlIgh.vacuuni electronic tube.

HARMONIC - Integral multiple of a funda-
mental frequency; e.g., harmonics of 60 hertz
are 120 hertz, 180 hertz, 240 hertz, etc.

HARMONIC CONTENT - Degree of distortion
in the output signal of an =OW r.
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HARMONIC DISTORTION Production of
harmonic frequencies at the output by the
nonlinearity of a transducer when a sinus-
oidal voltage is applied to the input. Ampli-
tude of distortion is usually a function of
the amplitude of the input signal.

HARMONIC GENERATOR Vacuum tube or
other generator operated under conditions
in which it generates RF current having
strong harmonics.

HARTLEY OSCILLATOR - An oscillator in
which a parallel-tuned tank circuit is con-
nected between grid and plate or base and
collector, the inductive element of the tank
having an intermediate tap at cathode or
emitter potential.

HEATER - An electric heating element for
supplying heat to anindirectly heatedcathode.

HEAT SINK - Mass of metal that is added
to a device, such as a power transistor
to absorb or dissipate heat.

HEAVISIDE LAYERS - Layers of ionized
gas, existing in the region between 50 and
400 miles above the surface of the earth,
which bend some frequencies of radio waves
back to earth under certain conditions.

HENRY - Centimeter-gram-second electro-
magnetic unit of inductance or mutual induct-
ance. The inductance of a circuit is 1 henry
when a current variation of I ampere per
second induces 1 volt. It is the basic unit
of inductance. In radio smaller units are
used, such as the millihenry (mh), which
is one-thousandth of a hear/ On, and the
microhenry (ph), which is one-millionth of
a henry.

HEPTODE - Seven-electrode vacuum tube
containing an anode, a cathode, a control
electrode, and four additional electrodes,
usually grids.

HERTZ - Unit of frequency equal to 1 cycle
per second..
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HETERODYNE (1) Process of combining
two signal frequencies in a nonlinear device,
with the result that frequencies equal to
the sum and difference of the combining
frequencies are produced. (2) To beat or
mix two frequencies in a nonlinear com-
ponent in order to produce different fre-
quencies from those introduced.

HETERODYNE DETECTION Detection (or
conversion) by MONO of the heterodyne
principle; used in the generation of the
intermediate frequency of a superheterodyne
receiver and in making CW signals audible.

HETERODYNE DETECTOR - Detector, in-
corporating a local oscillator (called a beat-
frequency oscillator), used to convert an
incoming RF signal to an audible tone by
the heterodyne process.

HEXODE - Six-electrode vacuum tube con-
taining an anode, a cathode, a control elec-
trode, and three additional electrodes, usu-
ally grids.

HIGH FIDELITY - Term applied to an audio
component, amplifier, or system. Ideally., it
is the ability to reproduce faithfully; that
is with a minimum of distortion, the full
audio range of frequencies. While no uni-
versal standard has been set up, this range
is generally agreed to be approximately 20
to 20,000 hertz. However, the term is often
loosely applied to units whose range falls
abort of these limits.

HIGH-LEVEL MODULATION - Modulation
produced at a point in a system where the
power level approximates that at the out-
put of the system; it is also called plate
modulation.

HIGH-MU TUBES - Thbes having a very
high amplification factor.

HIGH-PASS FILTER - Selective transducer
which efficiently passes waves of all fre-
quencies down to a certain frequency (cut-
off frequency) and effectively bars waves
having frequencies lower than the cutoff
frequency.
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HIGH Q - High ratio of reactance to effec-
tive resistance. It is an expression of coil
efficiency.

HIGH RESISTANCE VOLTMETER - Volt-
meter having a resistance considerably
higher than 1000 ohms per volt, so that it
draws very little current from the circuit
in which a measurement is made.

HIGH-VACUUM RECTIFIER - Vacuum-tube
rectifier in which conduction is entirely by
electrons emitted from the cathode.

HIGH - VACUUM TUBE - Electron tube eva-
cuated to such a degree that its electrical
characteristics are essentially unaffected
by gaseous ionization.

HOLE - A mobile vacancy in the electronic
valence structure of a semiconductor which
acts as a positive electronic charge with a
mass.

HOLE CURRENT - The current in a semi-
conductor associated with apparent positive
charges designated as holes.

HOOD - Shield used with a cathode-ray
tube to eliminate extraneous light and thus
make the image on the screen appear clear.

HORIZONTAL - (I) Perpendicular to the
direction of gravity. (2) In the direction of,
or parallel to, the horizon. (3) On a level.

HORIZONTALLY POLARIZED WA VES - Lin-
early polarized electromagnetic wave whose
direction of polarization is horizontal. A
horizontally polarized wave is one in which
the electric intensity is parallel to the
earth.

HORN - (I) Tube of varying cross-sectional
area for radiating or receiving acoustic
waves. (2) Primary element consisting of a
part of a metal vraveguide in which one or
both cross-sectional dimensions increase
toward the open end.

HORN MOUTH - End of the horn with the
larger cross - sectional area.
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HORN THROAT End of the horn with the
smaller oross-sectional area.

HORSESHOE MAGNET Permanent magnet
or electromagnet bent into the shape of a
horseshoe or having a U -shape to bring the
two poles near each other.

HOT (1) Connected, alive, energized; per-
tains to terminal or any ungrounded con-
ductor. (2) Not grounded.

HOT-WIRE AMMETER - Instrument in Which
current is measured by sending it through
a fine wire, which is thereby heated. The
resulting expansion or sag of the wire is
used to deflect the meter pointer. It can
be used to measure either alternating cur-
rent or direct current, since both have the
same heating effect, but is used chiefly at
radio frequencies.

HUM - In audio-frequency systems, a low-
pitched droning noise, usually composed of
several harmonically related frequencies,
resulting from an AC power supply, from
ripple from a DC power supply, or from
induction due to exposure to a powersystem.
By extension, the term is applied in visual
systems to interference resulting from
similar sources.

HUNTING - (1) Servos and radar: mechanical
oscillation in a aervosystem due toimproper
adjustment of control voltage, servoamplifie r,
or feedback. (2) Motors: synchronous motor
is said to hunt when it tends to drive ahead
of a synchronous speed, then fall back nev-
e ral times a second (for small motors). The
average speed of the motor is not affected
unless the hunting causes the motor to fall
out of synchronism.

11-WAVE - Mode in which electromagnetic
energy can be transmitted in a wavegulde.
An H-wave has an electric field which is
e ntirely transverse (perpendicular to the
length of the vraveguide) and a magnetic field
which has a longitudinal component in addi-
tion to its transverse component.
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HYSTERESIS The phenomenon exhibited
by a system or device whose state depends
on its previous history. The term is gen-

s..... orally used to refer to magnetic hysteresis,
as hysteresis may generate excessive beat.
Electric hysteresis occurs in dielectrics,
and elastic hysteresis in solids.

HYSTERESIS LOOP - Hysteresis loop for
a magnetic material in a cyclicly magnetized
condition is a curve (usually with rectsuigu
lar coordinates) showing two values of the
magnetic induction for each value of the
magnetizing force, one when the magnetizing
force is increasing, the other when it is
decreasing.

HYSTERESIS Lass - Power loss in an iron-
core transformer or other alternating-
current device due to a magnetic hysteresis.

IDEAL DIELECTRIC - Dielectric in which
all the energy required to establish an
electric field in the dielectric is returned
to the source when the field is removed.
A perfect dielectric must have zero con-
ductivity. Also, all absorption phenomena
must be lacking. A vacuum is the only known
perfect dielectric.

IDEAL TRANSFORMER Imaginary trans-
former which neither stores nor dissipates
energy. It is a transformer having self- and
mutual impedances which are pure induct-
ances of infinitely great values and one
which has a unit coefficient of coupling.

IF - (See INTERMEDIATE FREQUENCY.)

IMAGE FREQUENCY (1) In heterodyne
frequency converters in which one of the
two sidebands produced by beating is selected,
the image frequency is an undesired input
frequency capable of producing the selected
frequency by the same process. The word
image implies the mirrorlike symmetry of
signal and image frequencies about the beat-
ing oscillator frequency or the intermediate
frequency, whichever is higher. (2) Carrier
frequency of an undesired signal which is
capable of combining with the frequency of
the local oscillator in a superheterodyne,
thus forming the intermediate frequency,

and eventually being reproduced toptherwith
the desired signal. For example, if the
intermediate frequency is 500 kilohertz,
locally generated signal of 5,500 kilohertz
combined with signal's of either
5000 kilohertz or 6000 kilohertz would result
in the proper intermediate frequency. (3)14
superheterodyne reception the image !roil
quency is a radio frequency which is as far
removed on one side from the intermediate,
frequency as the desired signal is on the
other side.
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IMAGE RESPONSE Response of a super-
heterodyne receiver to the image frequency,
as compared to the response to the desired
frequency, usually expressed in decibels.

IMPEDANCE Total opposition offered to
the flow of an alternating current. It may
consist of any combination of resistance,
inductive reactance, and capacitive react-
ance; its symbol is Z.

IMPEDANCE COUPLING - A method of cou-
pling using an impedance as the coupling
device, common to both the primary and
secondary circuits. This type of coupling is
usually limited to audio systems, where high
gain and limited bandpass are required.

IMPEDANCE MATCHING Method of con-
necting a network or generator to a load
so that the re is a maximum transfer of power,
or a minimum reflection. The two require-
ments are identical only when the impedance
of the network to be matched is entirely
resistive. When minimum, or zero reflec-
tion is desired, the load impedance is made
equal to the network impedance; i.e., the
load impedance is made the image of the
network impedance with magnitude and phase
angles equal, and the phase angles of the
same sign as those of the generator network.
For maximum power transfer, the load
impedance must be conjugate of the network
impedance; i.e., the magnitude and phase
angle are equal but the phase angle is of
the opposite sign to the network phase angle.

IMPEDANCE - MATCHING TRANSFORMER -
Transformer used to obtain an impedance
match between a source and load.
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IMPURITY Substance that, when diffused
into semiconductor material in small amounts,
either provides free electrons to the material

be accepts electrons from it. Impurities that
provide ire electrons are called donors and
cause the material to be 14»type. Impurities
that accept electrons and make "holes"
are called acceptors and cause the material
to be NtYPe.

INCREMENT - Change in the value of a
variable.

INDICATOR - (I) That component of a set,
such as a radar set, by which the data
obtained by the set is presented for visual
observation. Type of presentation is nor-
mally a cathode-ray indicator. (2) Lamps,
switch positions, and other devices used
to indicate a particular situation. (3) A part
of a message. (4) A specific action which
might signify the existence of a situation
or condition.

INDIRECTLY HEATED CATHODE - A cath-
ode of a thermionic tube to which heat is
applied by an independent heater element.

INDUCED - Produced as a result of expo-
sure of the influence or variation of an
electric or magnetic field.

INDUCED CHARGE - Electrostatic charge
produced on an object by the electric field
that surrounds a nearby object.

INDUCED CURRENT Current due to an
induced voltage.

INDUCED ELECTROMOTIVE FORCE - The
electromotive force induced in a conductor
due to the relative motion between the
conductor and a magnetic field.

INDUCTANCE - The property of an elec-
trical circuit whereby changes in the current
flowing in the circuit causes changes in
the magnetic field associated with the circuit
au that a counter Miff is set up, either
in the circuit itself or in neighboring cir-
cuits. If the counter EMF is set up in the
same circuit, it is self-inductance; if in a
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neighboring circuit, it is mutual inductance.
The unit of inductance is the henry. The
henry is the inductance which will induce
a counter EMF of 1 volt when the inducing
current is changed at a rate of I ampere
per second. The henry is a large unit, and
in radio work the henry is divided into
smaller units, the millihenry (one»thousandth
part) andthe rnicrohenry (onemillionth part).

INDUCTANCE, DISTRIBUTED - The induct-
ance in a circuit which is not designed into
the circuit but exists because of current
flow. It is inherent in any circuit where
current is flowing.

INDUCTION (I) The establishment of an
electric charge or a magnetic field in a
substance by the proximity of an electrified
source, a magnet, or a magnetic field.
(2) The setup of an EMF and current flow
in a conductor by variation of the magnetic
field affecting. the conductor.

INDUCTION FIELD - That portion of the
electromagnetic field of a transmitting
antenna which acts as if it were permanently
associated with the antenna. The field near
an antenna into which energy is alternately
stored and removed. Energy of this type is
not permanently lost to the antenna. (The
radiation field leaves the transmitting an-
tenna and travels through space as radio
waves.)

aw

INDUCTIVE CIRCUIT - Circuit containing a
higher value of inductive reactance than
capacitive reactance.

INDUCTIVE FEEDBACK - (I) Transfer of
energy from the plate circuit to the grid
circuit of a vacuum tube by means of induc-
tion. (2) Transfer of energy from the output
circuit to the input circuit of an amplifying
device through an inductor, or by means of
inductive coupling.

INDUCTIVE LOAD - A reactive load that
is predominantly inductive, so that the load
current lags behind the load voltage.
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INDUCTIVE REACTANCE 0 (1) Reactance
which is caused by the inductance of a cir-
cuit. It is expressed in ohms and is equal

.... to 211' times the product of the frequency in
hertz and the inductance in henrys. (2)Oppo-
sition to the flow of alternating or pulsating
current due to the inductance of a circuit.
It dissipates no power, and its symbol is XL.

..,

..,
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INDUCTOR - (1) Device for introducing
inductance into an electric circuit. (2) Coil
having inductance.

INERTIA - Tendency for matter to remain
at rest or if moving, to keep moving in
the same direction.

INFINITE LINE - Transwisnion line having
characteristics corresponding to those which
would be obtained with an ordinary line that
is infinitely long.

INHIBIT-GATE - Gate circuit whose output
is energized only when certain signals are
present and other signals are not present
at the inputs.

INITIATING - Causing an action to et.k..i. A
qualify 'g term applied to a device whose
operat a must precede that of other devices
involved in an operating sequence.

INJECTION GRID - Grid introduced into a
vacuum tube in such a way that it exercises
control over the electron stream without
causing interaction between the screen grid
and control grid. The injection grid is used
as .a means of introducing the oscillator
signal into the mixer stage in some super-
heterodyne receivers.

IN-PRASE - Condition that exists when two
waves of the same frequency pass through
their maximum and minimum values of like
polarity at the same Instant.

INPUT - (1) Current, voltage, power, or
driving force applied to a circuit or device.
(2) Terminals or other p1 aces where current,
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1 6 0
voltage, power, or driving force may be
applied to a circuit or device.

INPUT CAPACITANCE Sum of the inter-
electrode capacitances between the input
electrode and all other electrodes except
the output electrode.

NOTE: This is not di* effective
$ Npacitance, which is a function of
the impedance of the associated
circuit.

INPUT IMPEDANCE - Impedance presented
by a device to the source.

INPUT TRANSFORMER - Transformer used
to transfer energy from a voltage source
to the input of a circuit or device,

INSTANTANEOUS VALUE - Magnitude at any
particular instant of a value that is con-
tinually varying with respect to time.

INSTRUMENT LANDING SYSTEM - (ILS) A
radio navigation system which provides air-
craft with horizontal and vertical guidance
Just before and during landing and, at cer-
tain fixed points, indicates the distance to
the reference point of landing.

INSULATED WIRE - Conductor covered with
a nonconducting material..

INSULATION - (1) Nonconducting material
used to prevent the leakage of electricity
from a conductor and to provide mechanical
spacing or support to protect against acci-
dental contact. (2) Use of material in which
current flow is negligible to surround or
separate a. conductor to prevent loss of
current. -- -

INSULATOR - (I) Material of such low con-
ductivity that the flow of current through it
can usually be neglected. (2) Device having
high-electric resistance, used for supporting
or separating conductors so as to prevent
undesired flow of current from the con-
ductors to other objects.
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INTEGRATOR CIRCUIT A circuit whose
output waveform is subetantially the time
integral of its input waveform. NOTE: Such
a circuit preceding a phase modulator makes
the combination a frequency modulator; or,
following a frequency detector, makes the
combination a phase detector. Its ratio of
output amplitude to input amplitude is in-
versely proportional to frequency, and its
output phase lags its input phase by 00'.

INTELLIGENCE SIGNAL - Signal that con-
veys information.

INTENSITY - (I) Strength or amplitude of

a quantity. (2) Relative strength of electric,
magnetic, or vibrational energy. (3) The
brilliance of an image on the screen of a
cathode-ray tube.

INTENSITY MODULATION - Technique of
applying a signal to the grid of a cathode -
ray tube, so that the brightness of various
portions of the pattern will be varied.

INTERCOMMUNICATIONS SYSTEM - Audio-
frequency amplifier system that provides
2-way voice communications between two or
more locations.

INTERELECTRODE CAPACITANCE - Capa-
citance existing between electrodes of a
device.

IN'TERELEC TRODE TRANSMIT TIME - Time
required for an electron to traverse the
distance between two electrodes.

INTERFERENCE - (I) Electrical disturb-
ance which causes undesirable responses in
electronic equipment. (2) Disturbance in
radio reception caused by undesired signals,
stray currents from electrical apparatus,
etc. A current from a foreign source or a
second communication line which in some
way produces derogatory performance. Inter-
ference is sometimes spoken of as the cur-
rent or power which causes noise in the
telephone. (3) Ina signal transmission slystem
either extraneous power which tendstolinter-
fere with the reception of the deeiredakinls,
or the disturbance of signals which results.
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INTERLOCK SWITCH - Safety switch which
deenergizes high voltage when doors, access
covers, or other openings are opened.

INTERMEDIATE FREQUENCY - (I) Fixed
frequency to which all carrier waves are
converted in a superheterodyne receiver.
(2) Carrier frequency used in a stage of
modulation intervening between the original
signal and the final modulated carrier.
(3) Frequency to which a signaling wave
is shifted locally as an intermediate step
transmission or reception. (4) Frequency
resulting from the combination of the re-
ceived signal and that of the local oscil-
lator in a superheterodyne receiver.

INTERMEDIATE-F 11E4 VE NC Y AMPLI-
FIER - Section of a superheterodyne receiver
which amplifies intermediate frequency sig-
nals with high efficiency.

INTERMITTENT DEFECT - Defect that de-
pends on varying conditions in a circuit
and hence is not continuously present.

INTERNAL RESISTANCE - Resistance with-
in a cell or battery to the flow of an electric
current.

INTERROGATION SIGNAL - Signal sent out
by an interrogator to a ship or aircraft
whose identity is unknown.

INTERRUPTED CONTINUOUS WAVE - Con-
tinuous waves that are interrupted at a
constant audio-frequency rate.

INTERSTAGE - Between stages.

INTRINSIC PROPERTIES - Of a semiconduc-
tor, the properties of a semiconductor that
are characteristic of the ideal crystal.

INTRINSIC TEMPERATURE RANGE - In a
semiconductor, the temperature range in
which the electrical properties of a semi-
conductor are essentially not modiftedby im-
purities or imperfections within the crystal.

1!I
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INVERSE PEAK VOLTAGE (1) Peak value
of the instantaneous voltage across a recti-
fier during the hall of the cycle that it is
not conducting. (2) The maximum voltage be-
tween cathode and plate of a vacuum tube
when it is not conducting.

INVERSE SQUARE LAW - Law of optics
which states that the intensity of light varies
inversely as the square of the distance from
the source of light. This is equally true of
the intensity of a radio wave.

INVERSE VOLTAGE The voltage ims
pressed across a diode during the half cycle
the anode is negative.

INVERTER - (1) Device for converting direct
current into alternating current. (2) Circuit
which takes in a positive pulse and puts
out a negative one, or takes in a negative
pulse and puts out a positive one.

IONIZATION CURRENT - Electric current
resulting from the movement of electric
charges in an ionized medium, under the
influence of an applied electric field.

IONIZATION POTENTIAL - Potential at
which ionization begins within a gas-filled
tube. This potential is slightly lower than
the firing or striking potential at which
complete ionization takes place.

IONIZE - To make an atom or molecule of
an element lose an electron, as by X-ray
bombardment, and thus be converted into a
positive ion. The freed electron may attach
itself to a neutral atom or molecule to form
a negative ion.

IONOSPHERE - An outer belt of the earth's
atmosphere in which radiations from the sun
or interstellar space ionize, or excite elec-
trically, the atoms and molecules of the
atmospheric gases. The height of the iono-
sphere varies with the time of day and the
season, but its lower limit is generally con-
sidered to lie between 25 and 50 miles. It
is divided into several layers with respect
to radiation and reflective properties. A
characteristic phenomenon is its reflection of
certain radio waves.

ION TRAP A method or device in manu-
facturing and operating oathode-ray tubes
to prevent ions from bombarding the phosphor
coating of the tubes and causing blemishes.
The ions may be cathode-generated or gen-
erated by secondary emission of grid and
cathode; they are heavier than electrons and
are not deflected by the electron magnetic
deflection circuits. The trap may be a
bent-gun type, or straight-gun type, but an
external magnetic field for control of the
ions is required; i.e,, external to the mag-
netic deflection circuits. An aluminized tube
does not require an ion trap, nor does an
electrostatically-focused and deflected tube
require such a trap.

IR DROP - Voltage drop produced across
resistance R by the flow of current I through
the resistor.

I2R LOSS - Power loss in transformers,
generators, connecting wires, and othe r parts
of a circuit due to the flow of current I
through resistance R of the conductors.

IRON-CORE COIL - Coil in whichiron forms
part or all of the magnetic core linking its
windings.

IRON-CORE TRANSFORMER - Transformer
in which iron forms part or all of the mag-
netic core linking the transformer windings.

IRON LOSS - Power loss occurring in iron
cores of electric machines, coils, trans-
formers, etc., due to hysteresis and eddy
currents.
JACK - A connecting device to which a
wire or wires of a circuit may be attached
and which is arranged for the insertion of
a plug.

JUNCTION - (1) Connection between two or
more conductors or two or more sections of
transmission lines. (2) Contact between two
dissimilar metals or materials, as in a
rectifier or thermocouple. (3) Meeting of two
Polo lines. (4) Point where the continuity of
a pole line changes, as where a branch
takes off. (5) Of a semiconductor, a transi-
tion region between semiconducting regions
having different electrical properties, or
between a metal and a semiconductor.
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JUNCTION TRANSISTOR a. A transistor haV
ing a base electrode and two or more Junc-
tion electrode..

KEYER (I) device which changes the
output of a transmitter from one condition
to another in accordance with the intelli-
gence to be transmitted. (2) Name oftengiven
to a radar modulator.

KILOHERTZ Frequency of 1,000 hertz.

KINETIC ENERGY - Energy which a body
pompon's by virtue of it, motion.

KIRCHOFF'S LAWS (1) The algebraic sum
of the current, flowing toward any point in
an electric network is zero. (2) The algebraic
gum of the products of the current and re-
eistance in each of the conductors in any
doped path in a network is equal to the
algebraic .um of the electromotive force,
in the path. These laws apply to the instan-
taneous value, of currents and electromotive
forcee, but may be extended to the effective
values of sinusoidal currents and electro-
motive force, by replacing algebraic sum by
vector sum and by replacing resistance by
impedance.

KLYSTRON - A. special type of electron
tube used as an oscillator or amplifier at
UHF and SEP bands. A signal voltage on
the grid varies the velocity of an electron
stream rather than intensity as in a normal
vacuum tube. Electrons emitted by a cathode
are focused into a stream and directed into
resonant cavities through gridlike apertures..
An RF electric field set up between the
apertures and parallel to the electron stream
bunches the electrons by alternatelyincreas-
ing and decreasing their velocity. The res-
onant frequency may be varied by changing
the electrode voltage., or by mechanical
adjustment of the size and/or shape of the
cavities.

LAG - Displacement in time, expressed in
electrical degrees, between two waves of
the same frequency, when the reference
wave reaches its maximum value before the
continued wave.
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LAGGING CURRENT a. Current flowing in a
circuit which lags the voltage in the circuit.

LAGGING LOAD « A circuit load which
causes the current to lag; predominately
inductive rather than resistive or capacitive.

LAMBDA - Greek letter lambda (X), gen-
erally used to designate wavelength.

LAMINATED Made of thin layers.

LAMINATED CORE Iron core for a coil,
transformer, armature, etc., built up from
laminations stamped from idlest iron or
steel. The laminations are more or less
insulated from each other by surface oxide,
and sometimes also by application of varnieb.
Laminated construction is used to minimize
the effect of eddy currents.

LANDLINE - A communication cable on or
under the earth's surface, in contrast to a
submarine cable.

LASER. - See LIGHT AMPLIFICATION BY
STIMULATED EMISSION OF RAIAATION.

LATTICE -WOUND COIL - Coil wound in a
crisscross manner to reduce distributed
capacitance.

LAW OF ELECTRIC CHARGES - Like
charges repel; unlike charges attract.

LAW OF ELECTROMAGNETIC INDUCTION
(Faraday's law) - Electromotive force in-
duced in a circuit is proportional to the
time rate of change of the flux of magnetic
induction linked with the circuit. When the
change In flux linkage is caused by the
motion, relative to a magnetic field, of a
conductor forming a part of an electric cir-
cuit, the electromotive force induced in the
circuit is proportional to the rate at which
the conductor cuts the flux of magnetic
induction.

LAW OF ELECTROSTATIC ATTRACTION
(Coulomb's law) - Force of attraction or
repulsion between two charges of electri-
city concentrated at two points in an iso-
tropic medium is proportional to the product
of their magnitudes and is inversely pro-
portional to the square of the distance be-
tween them. The force betweentmlike chargee
is an attraction; between like charge, a
repulsion.

173

3



LAW OF MAGNETISM Like poles repel;
unlike poles attract.

LAWS OF ELECTRIC NETWORKS See
KIRCImorrs LAWS.
LC RATIO Ratio of L to C; equal to in-
ductance in henrys divided by capacitance in
farads.

LEAD (1) Wire to or from a circuit or
element. (2) Opposite of lag; to proceed.

LEAD-ACID CELL - Cell in an ordinary
storage battery, in which electrodes are
grids of lead containing an active material
consisting of certain lead oxides that change
in composition during charginganddischarg-
ing. The electrodes or plates are immersed
in an electrolyte of diluted sulfuric acid.

LEADING CURRENT - Current that reaches
its maximum value before the voltage that
produces it.

LEADING LOAD - Load that is predomi-
nately capacitive, so that its current leads
the voltage applied to the load.

LEAKAGE - (1) Electrical loss resulting
from poor insulation. (2) Undesired flow
of electricity over or through insulators
that are used to support or separate the
conductors of a circuit. (3) That portion of
a magnetic field which is not utilized most
effectively.

LEAKAGE CURRENT - Stray current of
relatively small value which flows through or
across the surface of solid or liquid insula-
tion when a voltage is impressed across the
insulation. In transistors, flow of minority
carriers caused by heat.

LEAKAGE FLUX - Magnetic lines of force
that do not encircle all the turns in a coil
or transformer and hence do not contribute
to inductance or to the transfer of energy
from one coil to another.

LEAKY - Condition in which the leakage
resistance has dropped so much below its
normal value that excessive leakage current
flows. Usually applied to a capacitor.

LEFT-HAND RULE (I) For a current
carrying wire, if the fingers of the left hand
are closed around the wire so that the thumb
points in, the direction of electron flow, the
fingers Will be pointing in the direction of
the magnetic field. (2) For generators; lithe
thumb, first, and second fingers of the lett
hand are extended at right angles to one
another, with the thumb representing the
direction of motion, the first finger repre..
senting the direction of the magnetic lines
of force, the second finger points in
the direction of flow. (For motors, use
the right hand.)

LENZ'S LAW Current induced in a circuit
as a result of its motion in a magnetic
field is in such a direction as to exert a
mechanical force opposing the motion.

LEVEL - Difference of a quantity considered
in relation to an arbitrarily specified refer-
once value. Level may be stated in the units
in which the quantity itself is measured (1.11.,
volts, ohms, etc.) or in units (e.g., db)
expressing the ratio to a reference value.
LIGHT AMPLIFICATION BY STIMULATED
EMISSION OF RADIATION (LASER) An
active electronic device that converts input
power into a very narrow, intense beam of
coherent visible or invisible light.

LIGHT-SENSITIVE - Exhibiting a photo-
electric effect when irradiated, such as
photoelectric emission, photoconductivity, or
photovoltaic action.

LIMITER - (1) Device in which some charac-
teristic of the output is automatically pre-
vented from exc eeding a predetermined value;
a transducer in which the output amplitude ix
substantially linear witli regard to the input
up to a predetermined value andsubstantially
constant thereafter. (2) Stage or circuit cont-
manly used in FM receivers that limits the
amplitude of the signals to some predeter-
mined maximum. In so doing, it limits into

noise by removing excessive ampli-
tude variations from signals. Limiters are
also used in television and industrial elec-
tronic apparatus. NOTE: A limiter may be
used to remove amplitude modulation while
transmitting angle modulation.
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LINEAR Having an output which varies
in direct prOportion to the input.

LINEAR AMPLIFICATION .. Amplification
in which changes in output are directly pro-
portional to changes in input.

LINE OF FORCE Line used to represent
an electric or magnetic field coinciding in
direction with the field intensity at each
point. When used as a unit of magnetic
flux, a line of force is sometimes called
a 1111130/011.

LINE OF SIGHT - (1) Distance to the hori-
zon from an elevated point including the

' effects of atmospheric refraction. (2) Line
of vision. (3) Straight line between an ob.
server or radar antenna and a target. (4)Un-
obstructed or optical pathbetweentwo points.

LINE VOLTAGE - Voltage level of main
power supply to equipment.

LINK COUPLING - A modification of induc-
tive coupling where the circuits are physi-
cally separated so there Is no mutualinduct-
ance. A pair of coils furnishes the coupling.

LISSAJOUS FIGURES - Patterns produced
on the screen of a cathode-ray tube by a
combination of sine wave signal voltages of
various amplitude and phase relations on
horizontal and vertical deflection plates.

LOAD - (1) Power consumed by a device
or circuit in performing its function. (2) Re-
sistor or other impedance that can replace
some circuit element that is to be temporar-
ily or permanently removed. (3) To put data
into a register or storage. (4) To place a
magnetic tape reel on a tape drive, or to
Place cards into the card hopper of a card
reader.

LOAD IMPEDANCE - Impedance presented
by the load to the load circuit.

LOAD LINE - Straight line drawn across
a family of characteristic% curves to show
how current will change with bias when a
specified load resistance is used.
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LOBE - (1) With referent, to radiation
patterns of antennas, a portion of the direc-
tional pattern bounded by one or two cones
of nulls. (2) In connection with the radar
coverage indicator, it is the pivoted plastic
overlay representing the radiation pattern of
the radar antenna.

LOCAL OSCILLATOR A radio frequency
oscillator within a superheterodyne i, radio
receiver which generates a signal to hetero-
odyne with the incoming signal to produce
the intermediate frequency. The output of the
local oscillator is fed to the mixer, and the
121 output from the mixer may be either
the sum or the difference of the incoming
and local oscillator frequencies.

LOGICAL DIAGRAM A diagram represent-
ing the logical elements and their inter-
connections without necessarily expressing
construction details.

LOGICAL ELEMENT - In a computer or
data-processing system, the smallest build-
ing blocks which can be represented by
operators in an appropriate system of sym-
bolic logic. Typical logical elements are
the AND-gate and the flip-flop, which can
be represented as operators in a suitable
symbolic logic.

LOGICAL SYMBOL - In computers, agraph-
teal symbol used to represent a logical
element.

LOOP ANTENNA - Antenna consisting atone
or more complete turns of a conductor,
designed for directional transmission or
reception.

LOOSE COUPLING - Degree of coupling less
than the critical coupling.

LOGS - (1) Amount of electrical attenua-
tion in a circuit, or the power consumed in
a circuit component. (2) Energy dissipated
in accomplishing useful work; usually ex-
pressed in db.

LOWER SIDEBAND - Lower of two fre-
quencies or two groups of frequencies pro-
duced by an amplitude-modulation process.
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LOW-LEVEL MODULATION - Modulation
produced at a point in a system where the
power level is low compared with the power
level at the output of the system.

LOW-PASS vulva (1) FUter network
which passes all frequencies below a spec-
ified frequency, with little or no loss, but
which discriminates Strongly against (atten-
uates) higher frequencies. (2) Wave filter
having a single transmission band extending
from zero frequency up to )nime critical
or cutoff frequency, not infinite.

LUMPED CONSTANT Single constant that
is electrically equivalent to the total of that
type of distributed constant existing in a coil
or circuit.

MAGNET Device or material which is the
source of a magnetic field. Magnets may be
artificial or natural. Artificial magnets may
be electromagnets or permanent magnets.

MAGNETIC AMPLIFIER - Device using one
or more saturable reactors, either alone or
in combination with other circuit elements,
to secure power gain.

MAGNETIC CORE - A form of computer
storage using amagneticaUy permeable core.

MAGNETIC DEFLECTION - System using
electromagnetic fields for the deflection of
electron beams, as in cathode-ray tubes.

MAGNETIC DRUM - In SAGE, in a com-
puter, a rapidly rotating cylinder with a
ferromagnetic coating on which information
is stored in the form of sequences of small
spots corresponding to binary zero and one.

MAGNETIC FIELD - (1) Region in which
the magnetic forces created by a permanent
magnet or by a current-carrying conductor
or coil Can be detected. (2) A vector field
of magnetizing force.

MAGNETIC FLUX DENSITY - Magnetic field
intensity measured in gauss.
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MAGNETIC LINES OF FORCE - Imaginary
lines used for convenience to designate the
direction in which magnetic forces are act-
ing as a result of' magnetomotive foie*.

MAGNETIC SATURATION is Condition in an
iron core in which further increases in
magnetizing force produce little or no in-
crease in flux density of the core.

MAGNETIC SHIELD Sheet or core of iron,
enclosing instruments or radio parts to pro-
tect them from stray magnetic fields by
providing a convenient path for the magnetic
lines of force.

MAGNETISM - Property possessed by cer-
tain materials by which these materials
can exert mechanical force on neighboring
muses of magnetic materials; and can
cause currents to be induced in conducting
bodies moving relative to the magnetized
bodies.

MAGNETIZATION CURVE - Curve plotted
on a graph to show successive states during
magnetization of a ferromagnetic material.
A normal magnetization curve is a portion
of a symmetrical hysteresis loop, while a
virgin magnetization curve shows what
happens the first time the material is
magnetized.

MAGNETOMOTIVE FORCE - Force that is
the cause of magnetic induction. It is the
total magnetizing force acting around a
closed magnetic circuit. If it results from
the flow of current in a coil, it is pro-
portional to the ampere-turn. The CGS unit
of magnetomotive force is the gilbert (equal
to about 0.8 ampere-turn).

MAGNETOSTRICTION - Expansion and con-
traction of a magnetic material under the
influence of a varying rnrinetic field. Cer-
tain metals, notably nickel and some of its
salvo, undergo dimensional changes when
subjected to the influence of a magnetic
field. These changes are minuteon the order
of 1 part per million.
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MAGNETCEITRIC1IVE FILTER - A flitor
notWork which uses the mapetostrictive
phenomena to form highepass, lowepass,
bandpass, or band-elimination filters. The
impedance characteristic is the inverse of
that of a crystal.

MAGNETRON An electron tube, character-
ized by the interaction of electrons with
the electric field of a circuit element in
crossed steady electric and magnetic fields
to produce AC power output. It is used to
generate high power output in the UHF and
SHP bands.

MAJORITY CARRIER - In semiconductors
the type of carrier constituting more than
half the total number of carriers. The
majority carriers may be either holes or
electrons, depending on the construction of
the semiconductor.

MANMADE INTERFERENCE - Any electro-
magnetic interference due to the operation
of electrical or electronic equipment, but
particularly harmonic or spurious signals
from RF devices, as opposed to noise.

MARCONI ANTENNA - Antenna system of
which the ground is an essential part, as
distinguished from a Hertz antenna.

MARKER BEACON - A transmitter in the
aeronautical radio navigation service which
radiates vertically a distinctive pattern for
providing position information to aircraft.

MASER - See MICROWAVE AMPLIFICA-
TION BY STIMULATED EMISSION OF
RADIATION.

MASTER OSCILLATOR - (1)0scillator which
provides or controls modulator-drive fre-
quencies for a number of channels or groups
of channels. (2) Oscillator so arranged as
to establish the carrier frequency of the out-
put of an amplifier.

MASTER-OSCILLATOR POWER AMPLI-
FIER - Transmitter using an oscillator
followed by one or more stages of RF
amplification.
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MATCHED IMPEDANCE - A load impede
ance placed across a network or source of
energy so that there is either a maximum
transfer of power or there are no reflece
tions from the load.

MATCHING STUB Device placed on a
radio - frequency transmission line which
varies the impedance of the line. The impede
ante of the line can be adjusted in this
manner.

MATCHING TRANSFORMER - Transforme r
used for matching purposes.

MATRIX - In electronic computers: Any
logical network whose configuration is a
rectangular array of intersections of its
input-output leads, with elements connected
at some of these intersections. The net-
work usually functions as an encoder or
decoder; loosely, any encoder, decoder, or
translator.

MATTER - Any physical entity which pos-
sesses mass.

MAXWELL-Centimeter-gram-second
electromagnetic unit of magnetic flux. It is
equal to I gauss per square centimeter, or
to one magnetic line of force.

MEDIUM - Means for transmission of intel-
ligence media; e.g., radio, wire, or cable,
tropospheric scatter, microwave.

MEG - A prefix meaning 1 million, used in
place of "mega" when preceding a vowel;
e.g., "megohm."

MEGA - Other form of "meg." A prefix
adopted by the National Bureau of Stand-
ards meaning 1 million or 106.

MEMORY - See STORAGE.

MERCURY CELLS - Electrolytic cells hav-
ing mercury cathodes with which the depos-
ited alkali metal forms an amalgam.
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MERCURY-VAPOR RECTIFIER A recti-
fier tube which has had mercury added to
the envelope. When heated by the filament
current, the mercury vaporizes, and this
vapor is ionized by the positive plate volt-
age. Mercury vapor rectifiers have a low
internal voltage drop, which is constant
and not dependent on the current passed by
the tube.

METER - (1) Unit of length in the metric
system of measurement. One meter is equal
to 39.37 inches, 3.281 feet, or 1.094 yards
in English units of length. (2) Term used
to designate any type of measuring device
including all types of electrical measuring
instruments.

MHO - Unit of conductance or admittance;
the reciprocal of the ohm.

MICRO Prefix adopted by the National
Bureau of Standards meaning 0.000,001 or
10-6; symbol g.

MICROPHONE - An electroacoustic trans-
ducer that responds to sound waves and de-
livers essentially equivalent electric waves.

MICROPEONICS - Production of noise as a
result of magnetic shock or vibration in a
system or component.

MICROWAVE - Term loosely appliedto radio
waves in the frequency range l000megabertz
and upwards. It generally defines operations
in the region where distributed-constant
circuits enclosed by conducting boundaries
are used instead of conventional lumped-
constant circuit components.

MICROWAVE AMPLIFICATION BY STIM-
ULATED EMISSION OF RADIATION -
(MASER) A low-noise radio-frequencyampli-
fier. Emission of energy stored in a molecu-
lar or atomic system by a microwave power
supply be stimulated by the input signal.

MICROWAVE OSCILLATOR - An nr oscil-
lator used to generate waves in the micro-
wave regions. Circuit elements are usually
of the distributed-constant type, such as
cavity resonators. Because of transmit time
in the frequencyof interest, ordinary lumped-
constant elements cannot be used.
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MILLER EFFECT - Increase in the effec-
tive grid-cathode capacitance of a vacuum
tube due to the charge induced electro-
statically on the grid by the plate through
the grid-plate capacitance.

MILLI - Prefix adopted by the National
Bureau of Standards meaning 0.001 or 10"3.

MINORITY CARRIER - In semiconductors,
the type of carrier constituting less than
half of the total number of carriers.

MIXER - (I) Device ordinarily consisting
of one or more potentiometers for com-
bining the audio-frequency output signals
of two or more microphones, or other
audio-frequency signal sources in any de
sired proportion at the input of a main
audio-frequency amplifier. (2) Stage in a
heterodyne receiver in which the incoming
signal is modulated with the signal from the
local oscillator to produce the intermediate
frequency signal. (3) Detector in a super-
heterodyne receiver in which there is intro-
duced a heterodyne frequency.

MODE - (I) One of several types of electro-
magnetic wave oscillation that may be sus-
tained in a given resonant system. Each
type of vibration is designed as a particular
mode, and has its own particular electric
and magnetic field configurations. (3) One
of several methods of exciting a resonant
system. The term has also been used to
describe the existence of a number of dif-
ferent input voltages which allow operation
of a klystron at the same frequency.

MODE OF VIBRATION - Mode of vibration
of a vibratory body such as a piezoelectric
crystal unit, is a pattern of motion of the

individual particles due to stresses applied
to the body, its properties, and the bound-
ary conditions. Three common modes of
vibration are flexural, extensional, andshear.

MODULATION - The process in which the

amplitude, frequency, or phase of a carrier
wave is varied with time in accordance with
the wave form of superimposed intelligence.

39



MODULATION ENVELOPE Curve drawn
through the peaks of a graph showing the
waveform of a modulated carrier represent..
ing the waveform of the intelligence carried
by the signal. The modulation envelope is
the intelligence waveform.

MODULATION FACTOR - The ratio of the
peak variation actually used to the maxi-
mum design variation in a given type of
modulation. NOTE: In con ventional ampli-
tude modulation the maximum design varia-
tion is considered that for which the instan-
taneous sunplitue4 of the modulated wave
reaches zero.

MOLECULAR THEORY OF MAGNETISM -
Assumption that each molecule of matter is
a separate magnet and that in ferromagnetic
materials these molecules all line up with
their magnetic poles pointing in the same
direction when the material is magnetized.

MON00TABLE - Term used to describe a
circuit with one stable state and one quasi-
stable state. The circuit :equines an ex-
ternal trigger to perform one cycle.

MOTORBOATING - Oscillation in a system
or component, usually manifested by a suc-
cession of pulses occurring at a low-audio
frequency.

MOVING TARGET INDICATOR - A device
which limits the display of radar informa-
tion primarily to moving targets.

MU (14) - Permeability, amplification fac-
tor, prefix micro.

MU FACTOR - Ratio of the change In OM
electrode voltage to the change N another
electrode voltage under the col:mak:on that
a specified current remains unchanged and
that all other electrode voltages are main-
tained constant. It is a measure of the rela-
tive effect of the voltages on two electrodes
upon the current in the circuit of any spec-
ified electrode.

MULTIMETER - Single test instrument hav-
ing a number of different ranges for meas-
uring voltage, current, and resistance. Also
called VOLT-OHM-MILLIMETER.
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MULTIELECTRODE TUBE An electron
tube containing more than three electrodes
associated with a single electron stream.

MULTIPLEX - Equipment Or technique of
combining multiple independent channels,
voice or teletype, into a complex signal
which in turn is transmitted to a companion
terminal and restored to individual channels.

MULTIPLIER - (1) Resistance usedinseries
with a voltmeter to permit measurements
of higher voltages than are indicated on
the meter scale. (3) Device which has two
or more inputs and whose output is a repre-
sentation of the product of the signed magni-
tudes represented by input signals.

MULTIUNIT TUBE - Electron tube con-
tabling within one glass or metal envelope
two or more groups of electrodes, each
associated with separate electron streams.

MULTIVD3RATOR - Form of relaxation os-
cillator which comprises two stages, so
coupled that the input of each one is derived
from the output of the other. A multivibra-
tor is termed "free-rwming" or "driven,"
according to whether its frequency is deter-
mined by its own circuit constants or by an
external synchronizing voltage.

MUTING CIRCUIT - (1) Circuit which cuts
off the output of a receiver when no RF car-
rier greater than a predetermined intensity
is reaching the first detector. (2) Circuit
for making a receiver insensitive during
operation of its associated transmitter.

MUTUAL CONDUCTANCE - The change in
Plate current of a vacuum tube divided by
the change in grid voltage that causes the
change in plate current, other tube element
parameters remaining constant. It is a fig-
ure of merit of the tube's effectiveness as
an amplifier. It is measured in mhos and
is also called transconductance.

MUTUAL INDUCTANCE - CoMmon property
of two associated electric circuits which
determines, for a given rate of change of
current in one of the circuits, the electro-
motive force induced in the other.
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NANDOATE Circuit which inverts the
normal Output of an ANDcircuit; a Not-
AND-circuit.

NANO - A prefix used with a basic unjt
of measure to indicate that the unit is 10".

NEGATIVE (1) Terminal or electrode
having more electrons than normal. Elec-
trons flow out of the negative terminal of
a voltage source. (Designation used to des-
cribe an opposite character to positive, as
in negative resistance, negative transmis-
sion, negative feedback, etc.

NEGATIVE FEEDBACK (1) Electron-tube
circuit in which a signal fed back from the
plate to the grid circuit is 1130. out of phase
with the input signal, resulting in a decrease
in amplification, but a reduction in dis-
tortion. (2) Feedback from a high-level point
to a low-level point of an amplifier so
phased as to reduce the net gain of the
amplifier.

NEGATIVE RESISTANCE - Term applied to
the characteristic of a circuit or device in
which current increases when the voltage
is decreased.

NEGATIVE TEMPERATURE COEFFI-
CIENT Temperature coefficient express-
ing the amount of reduction in the value of
a quantity, such as resistance for each
degree of increase in temperature.

NEUTRAL - In a normal condition, hence
neither positive rsor negative. A neutral
object has a normal number of electrons.

NEUTRALIZE - (1) To counteract any force
to attain a neutral condition. (2) Process of
nullifying the voltage fed back through the
interelectrode capacitance of an amplifier,
by providing an equal voltage of opposite
phase.

NEUTRALIZING CIRCUIT - Portion of an
amplifier circuit which provides an inten-
tional feedback to cancel the effects of re-
active feedback.
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NODES Points, line, or surfaces of a
stationary wave system which have a Ism
amplitude. NOTES There are different types
of nodes, such as pressure nodes or Mo
city. nodes, and hence, the type must be
specified.

NOISE - () Undesired sound. By extension,
any unwanted disturbance within a useful
frequency band such as undesired electric
waves in any transmission channel or device.
(2) Unintelligible signals in a communica-
tion system which tend to interfere with
proper perception of the desired signals or
speech. (3) Unwanted energy (or the voltage
produced), usually of random character, pre-
sent in a transmission system due to any
causes.

NOISE LIMITER - A circuit that cuts off
all noise peaks that are stronger than the
highest peak in the desired signal that is
being received, thereby preventing loud,
crashing noises due to strong atmospheric
Or manmade interference.

NONLINEAR - A response which is other
than directly or inversely proportional to a
given variable.

NONMESONANT LINE Transmission line
having no reflected waves and neither cur-
rent nor voltage standing waves.

NOR-GATE - Circuit which inverts the
normal output of an OR-gate; Not-OR-gate.

NPN SEMICONDUCTOR - A double junction
formed by sandwiching a thin slice of P-type
material between two layers of N-type mate-
rial of a semiconductor.

NPN TRANSISTOR - A transistor which
consists of a thin slice of P-type semi-
conductor material sandwiched between two
layers of N-type semiconductor material.

NPIN TRANSISTOR An NPN transistor
which has had a layer of high purity ger-
manium placed between the base and col-
lector to extend the frequency range,
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N -TYPE SEMICONDUCTOR An extrinsic
semiconductor in which the conduction elec
tron density exceed. the hole density. NOTE:
It is implied that the net ionized impurity
concentration is donor type.

NUCLEUS Central part of the atom which
makes up most of the weight of the atom.
An atomic nucleus is made up of two kinds
of fundamental particles, protons, and neu-
trons. It has a positive charge equal to the
number of proton. it contains.

NULL - Minimum or zero value of current
in an electrical circuit.

OCTAL BABE - Tube base having a central
aligning key and positioned for eight equally
spaced pins. Pins not needed for a particular
tube are omitted without changing the posi-
tion of the remaining pins.

OERSTED - Unit of magnetic field strength
(magnetic intensity, magnetizing force) H
in centimeter-gram-second electromagnetic
system. At any point in a vacuum, the value
of the magnetic intensity in °exiteds is
equal to the force in dynes exerted on a unit
magnetic pole placed at that point.

OHM - The unit of electrical resistance.
It is that value of electrical resistance
through which a constant potential difference
of I volt across the resistance will main-
tain a current flow of I ampere through
the resistance.

OHMIC VALUE - Resistance in ohms.

OHMMETER - Instrument for measuring
electric resistance.

OHMMETER ZERO ADJUSTMENT Poten-
tiometer or other means provided to com-
pensate for the reduction of battery voltage
with age in an ohmmeter.
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OHM'S LAW The current in an electric
circuit is directly proportional to the elec-
tromotive force in the circuit. It is the
fundamental law of electrical circuits and
is true of all metallic circuits and most
circuits containing an electrolyte resistance.
The most common form of the law is E IR,
where E is the electromotive force or volt-
age across the circuit, I is the current flow-
ing in the circuit, and R is the resistance
of the circuit.

OHMS PER VOLT Sensitivity rating for
measuring instruments, obtained by dividing
the resistance of the instrument in ohms at
a particular range by the lull -scale voltage
value at that range. The higher the ohms-
per-volt rating, the greater the sensitivity.

OPEN CIRCUIT - (I) Condition of an elec-
trical circuit caused by the breaking of
continuity of one or more conductors of
the circuit; usually an undesired condition.
(2) Arrangement of conductors and equip-
ment that depends upon lack of continuity
for operation; as open-circuit telegraphy.
(3) Circuit which does not provide a com-
plete path for the flow of current.

OPERATING POINT - The point on a family
of characteristic curves of a vacuum tube
or transistor where the coordinates of the
point represent the instantaneous values of
the electrode voltages and currents for
the operating conditions under study or
consideration.

OPTIMUM COUPLING - Degree of coupling
that provides maximum transfer of signal
energy at a given resonant frequency from
one radio-frequency circuit to another.

OR-CIRCUIT - In computers, a circuit or
device whose output is energized when one
or more of the inputs is in its prescribed
state. Also called OR -gate. An OR-circuit
performs the function of tte logical "OR."

ORIENT - Rotate or otherwise adjust with
respect to some reference.

181

/7/



OSCILLATOR - (1) Electronic device which
generates alternating-current power at a
frequency determined by the values of certain
constants in its circuits. An Oscillator may
be considered an amplifier with positive
feedback with circuit parameters that restrict
the oscillations of the device to a single
frequency. (2) Nbnrotating device which is
capable of setting up and maintaining oscil-
lations at a frequency determined by the
physical constants of the system, such as
a vacuum-tube, spark, or arc generator.
(3) Circuit generally using a transistor
capable of converting direct current into
alternating current of a frequency determined
by the inductive and capacitive constants of
the circuit. (4) Device used to generate and
repetitiously oscillate at radio frequencies.

OSCILLATORY CIRCUIT - Circuit contain-
ing inductance and/or capacitance, and re-
ststance, so connected that a voltage impulse
will produce an output current which peri-
odically reverses polarity.

OSCILLOSCOPE - Examined which makes
possible the visual inspection of the wave-
form of rapidly varying quantities. It con-
sists, in general, of three parts; an ampli-
fier, time-base generating circuits, and a
cathode-ray tube for translation of electri-
cal energy into light energy.

OUT-OF-PHASE - Having waveforms that
are of the same shape but donotpass through
corresponding values at the same instants.

OUTPUT - (1) Current, voltage, power, or
driving force delivered by a circuit or
device. (2) Terminals or other places where
current, voltage, power or driving force
may be delivered by a circuit or device.
(3) In computers, information transferred
f rom internal storage to external storage.

OUTPUT IMPEDANCE - Impedance pre-
sented by a device to the load.

OUTPUT METER - Alte rnating-current volt-
meter connected to the output of a receiver
or amplifier in order to measure output
signal strength.

OVERDRIVEN AMPLIFIER - Amplifier stage
which ts designed to distort the input signal
waveform by permitting the signal to drive
the stage beyond cutoff and/or saturation.

OVERLOAD 4. (1) In electronics, that quan-
tity of power from an amplifier or other
component or from a whole transmission
system which is sufficient to produce un-
wanted waveform distortion. (2) Load greater
than the rated load of an electric device.

OVERTONE One of the frequencies, in
addition to the lowest impanel, with which
a vibrating body or system can freely oscil-
late.

OVERTONE TYPE PIEZOELECTRIC CRYS-
TAL UNIT - Crystal unit designed to utilize
an overtone of the fundamental frequency of
resonance for a particular mode of vibration.

OXIDE - Element combined with oxygen.
Rust ts an oxide of iron.

PADDER CAPACITOR - Adjustable capaci-
tor used in conjunction with a main tuning
capacitor when ganged tuning of several
stages ts employed. Its purpose ts to permit
adjustments for proper tracking of a local
oscillator.

PARALLEL CIRCUIT - Two or more elec-
trical devices connected to the same pair of
terminals so separate currents Slow through
each; electrons have more than one path to
travel from the negative to the positive
terminal.

PARALLEL-RESONANT CIRCUIT - (i) Res-
onant circuit in which the applied voltage ts
connected across a parallel circuit formed
by a capacitor and an inductor. (2) Induc-
tor and capacitor connected in parallel to
furnish a high impedance at the frequency
to which the circuit ts resonant.

PARAMAGNETIC - Raving a magnetic per-
meability greater than that of a vacuum
and essentially independent of the magnetiz-
ing force. In ferromagnetic materials, the
Permeability varies with the magnetizing
force.
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PARAMETER - (I) One of the constants
entering into a functional equation, and coo..
responding to some characteristic property,
dimension, or degree of freedom. (2) One
of the resistance, inductance, mutual induct»
awe, or capacitance values involved in a
circuit or network.

PARAMETRIC AMPLIFIER - A solid state
amplifier used for amplification of radio
frequencies. A parametric amplifier uses
especially constructed semiconductor diodes
with a source of power supplied by a high -
frequency oscillator, rather than the normal
DC power source. The power source is called
a "pump" and must be extremely stable.
The pump is fixed in frequency and must
operate at a frequency at least twice as
high as the one to be amplified. Liquid
nitrogen is used as a coolant to reduce
thermal noise, and the spatial motion of
the electrons through the semiconductor
further reduces noise.

PARAPHASE AMPLIFIER - Amplifier
which converts a single input into two out-
puts, which are equal in magnitude and
opposite in polarity (or phase).

PARASITE - Current in a circuit, due to
some unintentional cause, such as inequali-
ties of temperature or of composition;
particularly troublesome in electrical
measurements.

PARASITIC OSCILLATION - (I) Undesired,
self-sustaining oscillations at a frequency
different from the operating frequency, oc-
curring chiefly in vacuum-tube circuits.
(2) Any unwanted oscillation in an oscil-
lator or amplifier stage.

PARASITIC SUPPRESSOR - A device con-
nected in a circuit for the purpose of
suppression of parasitic oscillations.

44

PART In electronics, a mechanical unit
which cannot readily be subdivided such as
a tube, a resistor, an fiT coil, etc. Assent»
bled parts make up a component.

PATCH CORD Cord, terminated on each
end with a plug, which is used in patching
between circuit terminated in Jacks.

PEAK - Maximum instantaneous value of an
alternating quantity.

PEAK ENVELOPE POWER OF A RADIO
TRANSMITTER - The average power sup-
plied to the antenna transmission line by
a transmitter during one radio frequency
cycle at the highest crest of the modulation
envelope, taken under conditions of normal
operation.

PEAKING NETWORK - Type of interatage
coupling network in which an inductance is
effectively in series (series-peaking net-
work), or in shunt (shunt-peaking network)
with the parasitic capacitance toincrease the
amplification at the upper end of the fre-
quency range.

PEAK INVERSE VOLTAGE - The maximum
instantaneous anode-to-cathode voltage in
the reverse direction which is actually ap-
plied to the diode in an operating circuit.
NOTE: This is an application term not to
be confused with breakdown voltage which
is a property of the device.

PEAK POWER OUTPUT - (I) In a modu-
lated carrier system, the output power,
averaged over a carrier cycle, at the maxi-
mum amplitude which can occur with any
combination of signals to be transmitted.
(2) Maximum value of the transmitted pulse
in a pulse radar system.

PEAK-TO-PEAK AMPLITUDE - Amplitude
of an alternating quantity measured from
positive peak to negative peak.

PELTIER EFFECT - When a current flows
across the junction of two dissimilar metals,
it causes either an absolptial or liberation
of heat, depending on the direction of the
current, at a rate proportional to the first
power of the current.
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PENTAGRID - Pentagrid tube used as a
converter in a Superheterodyne receiver.

PENTAGRID TUBE Tube having Ave grids.

PENTODE Five-electrode vacuum tube
containing an anode, a cathode, a control
grid, and two additional electrodes ordinarily
in the the nature of grids.

PENTODE TRANSISTOR A point - contact
transistor with four- point - contact electrodes.
The body serves as a base with three
emitters and one collector.

PERCENTAGE MODULATION - (1) In am-
Maude modulation, the ratio of half the dif-
ference between the maximum and minimum
amplitudes of an amplitude, expressed in
percent. (2) In frequency modulation, the
ratio of the actual frequency awing to the
frequency swing required for 100 percent
modulation, expressed in percentage. (3) The
modulation factor multiplied by 100 to ex-
press it as a percentage. (4) In FCC regula-
tions, the term "percentage modulation"
as applied to frequency modulation means
the ratio of the actual frequency swing to
the frequency swing defined as 100 percent
modulation, expressed in percentage. For
PM broadcast stations a frequency swing of
.75 kc is defined as 100 percent modulation.

PERMANENT MAGNET - Piece of hardened
steel or other magnetic material that has
been strongly magnetized and retains its
magnetism indefinitely.

PERMEABILITY - Measure of the ability of
a material to act as a path for magnetic
lines of force.

PERMEABILITY TUNING - Process of tun-
ing a resonant circuit by varying the per-
meability of an inductor, It isusually accom-
plished by varying the amount of magnetic
core material of the inductor by slug
movement.

PERSISTENCE - Measure of the length of
time during which phosphorescent light is
emitted from the screen of a cathode-ray
tube.

PBANTASTRON - An electronic circuit of
the multivibrator type which is normally
used in the =notable form. It is a stable
trigger generator irilhis connection, and is
used in radar systems for gating functions
and sweep delay functions.

PHASE - (1) Position of a wave relative to
the beginning of any electrical or mechani-
cal wave. Usually expressed in degrees of
an angle, the complete cycle being 360'.
(2) Phase of a periodic quantity, for a
particular value of the independent variable,
is the fractional part of a period through
which the independent variable has advanced,
measured from an arbitrary origin. In the
case of a simple sinusoidal quantity, the
origin is usually taken as the last previous
Passage through zero from the negative to
positive directton. The origin is generally
so chosen that the fraction is less than
unity.

PHASE ANGLE, CURRENT TRANSFORMER -
Of a current transformer angle between the
primary current vector and the secondary
current vector reversed. This angle is con-
veniently considered as positive when the
reversed secondary current vector leads
the primary current vector.

PHASE ANGLE , POTENTIAL TRANS-
FORMER - Of a voltage transformer, angle
between the primary voltage vector and
the secondary voltage vector reversed. This
angle is conveniently considered as posi-
tive when the reversed secondary voltage
vector leads the primary voltage vector.

PHASE DIFFERENCE - Time in electrical
degrees by which one wave leads or lags
another.

PHASE DISTORTION - (1) Lack of direct
proportionality of phase shift to frequency
over the frequency range required for trans-
mission; or the effect of such departure on
a transmitted signal. (2) Impalrmen of fidel-
ity due to nonlinear phase characteristics
which cause various frequencies of anapplied
waveform to be delayed ctleproportkonately.
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PHASE INVERSION - Phase difference of
180° between two sine waves of the same
frequency.

PHASE INVERTER - A stage in an ampli-
fier or other circuit whose chief function
is to change the phase of a sine wave
signal by 180°.

PHASE SHIFT - Change in the phase of a
sinusoidal wave. Expressed in degrees either
leading or lagging.

PHASE-SHIFT OSCILLATOR - Oscillator
produced by connecting, between the out-
put and the input of an amplifier, a network
having a phase shift of an odd multiple of
180° per amplifier stage at the frequency
of oscillation.

PHASE SPUTTER - (I) Device which pro-
duces, from a single input wave, two or
more output waves which differ in polarity
(phase) from one another. (2) In color tele-
vision, the stage which takes I and Q signals
from demodulators and produces four signals,
positive and negative I and Q.

PHOTOELECTRIC CELL - General term
applying to any cell whose electrical pro-
perties are affected by illumination, such as
p hotovoltaic or photoconductive cells.

PHOTOSENSITIVE - Capable of emitting
electrons when illuminated by light rays.

PICO - A prefix adopted by th2 National
Bureau of Standards meaning 10-3.

PIEZOELECTRIC EFFECT - (I) That pro-
perty of certain natural and synthetic crys-
tals by which they are mechanically deformed
under the influence of an electric field.
(2) Effect of producing a voltage by placing
a stress, either by compression, expansion,
or twisting, on a crystal and, conversely,
producing a stress in a crystal by applying
a voltage to it.

PI NETWORK - Network of three imped-
ances, two across the line and the third
inserted in one line between the first two.
Connected in a manner resembling the Greek
letter vt.
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PLATE (1) Principal anode in an elec-
tron tube. (2) One of the conductive elec-
trodes in a capacitor. (3) One of the elec-
trodes in a storage battery.

PLATE CHARACTERISTIC - Graph plotted
to show how the plate current of a vacuum
tube is affected by changes in plate voltage.

PLATE CIRCUIT - Complete external elec-
trical circuit connected between the plate
and the cathode of an electron tube.

PLATE CURRENT - Electron flow from
the cathode to the plate inside a vacuum
tube.

PLATE MODULATION - Modulation pro-
duced by application of modulating voltage
to the plate of any tube in which the car-
rier is present.

PLATE SATURATION - Condition in which
the plate current of a vacuum tube cannot
be further increased by increasing the plate
voltage.

PLATE VOLTAGE - Direct-current volt-
age that exists between the plate and cath-
ode of a vacuum tube.

PNIP TRANSISTOR - A PNP transistor
which will operate in high-frequency ranges.
A layer of high purity germanium is placed
between the base and collector to extend the
frequency range.

PNP TRANSISTOR - A junction transistor
formed by a slice of N-type semiconductor
between two layers of P-type semiconductor.
Amplification is by means of hole conduction.

POLARITY - (1) Condition in an electrical
circuit by which the direction of the flow
of current can be determined. Usually ap-
plied to batteries and other direct voltage
sources. (2) Two opposite charges, one
positive and one negative. (3) Quality of
having two opposite magnetic poles, one
north and the other south.
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POLARIZED PLUG - Plug which is so
constructed that it can be inserted into a
jack or receptacle in only one position.

POLE PIECE - Piece of ferromagnetic
material forming one end of a magnet and
shaped so as to control the distribution
of the magnetic flux in the adjacent medium.

POSITIVE - Terminal or electrode having
a deficiency of electrons or point to which
electrons are attracted.

POSITIVE CHARGE - Condition existing in
a body having fewer electrons than normal.

POSITIVE FEEDBACK - Process by Which
a part of the power in the output circuit
of an amplifying device reacts upon the
input circuit in such a manner as to rein-
force the initial power, thereby increasing
the amplification.

POSITIVE TEMPERATURE COEFFICIENT -
Characteristic of a device or substance in
which the resistance of asubatance increases
when temperature increases.

POTENTIAL - Difference in voltage between
two points of a circuit; frequently one is
assumed to be ground (zero potential). Gen-
erally expressed in volts.

POTENTIAL BARRIER - Region in which
the electrical potential is such that moving
electric charges attempting to pass through
it encounter opposition and may be turned
back.

POTENTIAL DIFFERENCE - (I) Algebraic
difference between the individual potentials
of two points. (2) Voltage existing between
two points.

POTENTIAL ENERGY - Of a body or of a
system of bodies in a given configuration,
the work required to bring the system from
an arbitrarily chosen reference coofigura-
tion to the given configuration without change
in the kinetic energy of the system.
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POTENTIOMETER - (I) An instrument for
measuring an unknown electromotive force
or potential difference by balancing it, wholly
or in part, by a known potential difference
produced by the flow of known currents in
a network of circuits of known electrical
constants. (2) A 3-terminal rheostat, or
a resistor with one or more sliding con-
tacts, which functions as an adjustable volt-
age divider.

POWDERED IRON CORE - Core consisting
of fine particles of magnetic material, mixed,
insulated from each other, and pressed into
shape.

POWER - (1) Time rate of doing work or
expending energy. In electrical systems, the
basic unit is the watt. (2) Lens power is a
measure of ability to bend or refract light.
(3) In a DC circuit, the power in watts
equals volts multiplied by amperes.

POWER AMPLIFICATION - Process of am-
plifying a signal to produce a gain In power
as distinguished from voltage amplification.
The gain is the ratio of the alternatingpower
output to the alternating power input of an
amplifier.

POWER FACTOR - Ratio of the true power
of an alternating or pulsating current, as
measured by a wattmeter, to the apparent
power, as indicated by ammete r and voltmeter
readings; the ratio of resistance to imped-
ance, and therefore, a measure of the loss
in an inductors capacitor, or insulator; andthe
eosins of the phase angle between a sinus-
oidal voltage to a load and the current pass-
ing through it. (Sometimes the cosine is
multiplied by 100 and expressed as a
Percentage.)

POWER GAIN - Ratio of output power of
a stage to input power. The gain is usually
expressed in decibels. The operating con-
ditions are specified and if either the input
or output has more than one component,
then the components and the weights as-
signed should be specified.

47



POWER SUPPLY - (1) Source of electrical
energy required for communication opera-
tions. (2) Source of current used to beat
the filament of an electron tube. (3) Power
supply that furnishes DC voltages required
by the electrodes of vacuum tubes. (4) Power
supply that furnishes the steady voltage
required by the electrodes of transistors.
POWER TRANSFORMER - Transformer used
to change a supply voltage to the various
higher and lower values required.

PRESE LECTOR - Device, placed ahead of a
frequency converter or other device, which
passes signals of desired frequencies and
reduces others.

PRESSURIZATION - Process of surrounding
the critical parts of equipment designed for
high-altitude operation with desiccated air
or an inert gas under elevated pressure
(about 5 pounds per square inch at sea level),
for the purpose of avoiding breakdowns which
might result from the impairment of the
insulating properties of air at reduced
pressure
PRIMARY - (1) Transformer winding which
receiverenorgy from a supply circuit (2)E1gh
voltage conductors of si power distribution
system.

PRIMARY CURRENT - Current flowing
through the primary winding of a transformer.

PRIMARY EMISSION - Emission of elec-
trons due to primary causes, such as heat-
ing of a cathode, and not tosecondary effects,
such as electron bombardment.

PRIMARY VOLTAGE - Voltage applied to
the terminals of the primary winding of a
transformer.

PRINTED CIRCUIT - A circuit formed by
depositing conducting material on the sur-
face of an insulated sheet. Circuit components
such as wiring, resistance, capacitances,
inductors, etc., are etched on the sheet
by various processes.

PROPAGATION - (1) In electrical practice,
the travel of waves through or along a
medium. (2) Traveling of a wave along a
transmission path. (3) Travel of electro-
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magnetic waves or sound wave's through a
medium. Propagation does not refer to the
flow of current in the ordinary sense.

PROTON Positive particle in an atom.
The smallest quantity of positive electricity
that can exist in a free state.

P-TYPE SEMICONDUCTOR - An extrinsic
semiconductor in which the mobile hole
concentration exceeds the conduction electron
concentration. It is Implied that the net
ionized impurity concentration is acceptor
OM
P+ TYPE SEMICONDUCTOR - A P-type
semiconductor in which the excess mobile
hole concentration is very large.

PULLING FREQUENCY - Tendency of any
load to change the frequency of an oscillator.

PULSATING CURRENT - Nonuniform or
varying electron flow, the variations of
which take place at regular periods of time
and may or may not include reversals of
the direction of electron flow. There is usu-
ally an electron drift' in one direction.
PULSATING VOLTAGE - Varying voltage,
the variations of which take place during
regular periods of time and may or may
not include reversal of polarity. When ap-
plied to a conductor, a pulsating voltage
causes an electron flow such that the average
electron displacement is not zero, and there
I. an average electron drift in one direction.

PULSE - (1) A brief excursion of a quantity
from normal. (2) Signal characterized by
the rise and decay in time of a quantity,
the value of which is normally constant
(3) In radio, surge of electrical energy of
short duration. (4) Voltage level of short
duration used in computers to represent a
bit. (5) Single disturbance characterized by
the rise and decay in time or space of a
quantity whose value Is normally constant.
(6) Single impulse of a telephone dial or
similar signal. (7) In relay operation, sud-
den change of brief duration produced in
the current or voltage of a circuit to actuate
or control a switch or relay. NOTE: In
these definitions, an RF carrier, amplitude-
modulated by a pulse, is not considered to
be a pulse.
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PULSE AMPLITUDE - Maximum instan-
taneous value of a pulse. NOTE: Spike.
and ripples superimposed on the pulse are
commonly considered to be separate tran-
sients and are ignored in considering dimen-
sions of the pulse itself.

PULSE DURATION - Time interval between
the first and last instants at which the
instantaneous amplitude reaches a stated
fraction of the peak pulse amplitude.

PULSE - DURATION MODULATION - Pulse-
time modulation in which the value of each
instantaneous sample of the modulating wave
is caused to modulate the duration of the
pulse. NOTE: (I) Pulse-length modulation
has been used to design this system of
modulation. (2) In pulse-duration modula-
tion, the modulating wave may vary the
time of occurrence of the leading edge, the
trailing edge, or both edges of the pulse.

PULSE - FORMING NETWORK OR CIRCUIT -
Network or circuit whch serves to produce
a pulse of the required waveform.

PULSE FREQUENCY MODULATION - Form
of pulse-time modulation in which the pulse
repetition frequency of the carrier is varied
in accordance with amplitude and frequency
of the modulating signal.

PULSE MODULATION - (I) Modulation of
a carrier by pulses. (2) Modulation of a
pulse carrier.

PULSE REPETITION FREQUENCY - The
frequency at which pulses are transmitted
by a pulse - modulated transmission system,
such as a radar set. It is usually given
in pulses per second. It is also called
pulse rate and pulse recurrence rate. It is
the reciprocal of thopuise recurrence period.

PULSE REPETITION RATE - See PULSE
REPETITION FREQUENCY.

PUMP OSCILLATOR - An AC generator
that supplies pumping energy for maser and
parametric amplifiers. Operates at twice or
some higher multiple of the signal frequency.
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PUSH -PULL CIRCUIT Circuit containing
two like elements which operate in 180.
phase relationship to produce additive output
components of the desired wave, with can-
cellation of certain unwanted products.

Q » Figure of merit of efficiency of a cir-
cuit or coil. Ratio of inductive reactance
to resistance in servos. Relationship be-
tween stored energy and rate of dissipa-
tion in certain types of electric elements,
structures, or materials.

QUARTER -WAVE ANTENNA - Antenna which
has an electrical length equal to one-fourth
the wavelength of the signal to be trans-
mitted or received. Its physical length will be
slightly shorter than one-fourth wavelength.

QUARTZ CRYSTAL - (I) Mother crystal of
quartz as found in nature, having a hexagonal
cross section coming to a point at one end
and a fractured base where it was broken
away from the rock formation in which it
grew. (2) Crystal unit in the form of a thin
slab or plate cut f-om the quartz crystal
and carefully ground to a thickness that
will make it vibrate at a specific frequency
when supplied with energy. It is used, among
other purposes, to control the fiequency of
an oscillator in a transmitter.

QUIESCENT STATE - Time during which
a tube or other element of an electric cir-
cuit is not performing its active function
in the circuit.

RADAR - See RADIO DETECTION AND
RANGING.

RADIATION - (I) Emission of energy In
the form of electromagnetic waves. The
term is also used to describe the radiated
energy. (2) Corpuscular emissions, as alpha
and beta radiation and emissions of mixed
or unknown type, such as cosmic radiation.

RADIATION FIELD - Electromagnetic energy
that breaks away from a transmitting antenna
and radiates outward into space as electro-
magnetic waves (radio waves).
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RADIO is (1) The use of electromagnetic
waves to transmit or receive electric im-
pulses or signals without a connecting wire;
the transmission or reception of such int»
pulses or signals. (2) Specifically, the use
of these waves to transmit electric pulses
excited by the voice or other sounds, or
by nonauditory instruments at frequencies
below those normally used in radar or
television. (3) Any aggregate of electric and
electronic equipment used for the wireless
transmission or reception of electromagnetic
waves, or both, especially for transmitting
and receiving sounds, activating remote.
control mechanisms, etc.; a radio set. (4) A
manner or technique of doing something by
means of, or with the aid of, radio (in sense
2), as communicating, navigating aircraft,
controlling, etc., as in the phrase "the
missile was guided by radio."

RADIO DETECTION AND RANGING - (radar)
(1) Any of certain methods or systems of
using beamed and reflected electromagnetic
energy for detecting and locating objects;
for measuring distance, velocity, or altitude;
or for certain other purposes such as navi-
gating, homing, bombing, missile tracking,
mapping, etc. (2) In FCC regulations, a radio
determination system based on the com-
parison of reference signals with radio sig-
nals reflected, or retransmitted, from the
position to be determined.

RADIO FIX - (1) The location of a friendly
or enemy radio transmitter, determined by
finding the direction of the radio trans-
mitter from two or more listening stations.
(2) The determination of a navigational posi-
tion by a ship or aircraft by ascertaining
the direction of radio signals received from
two or more sending stations, the locations
of which are unknown.

RADIO FREQUENCY - Frequency in which
radio transmission is useful for com-
munication purposes. The useful range is
from approximately 10 Idlohertz to 300,000
megahertz.

RADIO WAVE - Electromagnetic waves of
frequencies lower than 3,000 glgahertz, pro-
pagated in space without artificial guide.

RATE Measure of movement per unit of
time; e.g., climb, closure, descent, or turn.

RATED OUTPUT - Output power, voltage,
current, etc., at which a machine, device,
or apparatus is designed to operate under
specified normal conditions.

RATE GROWN SEMICONDUCTOR - A grown
junction produced by varying the rate of
crystal growth.

RATIO DETECTOR - Type of detector used
to convert FM signals to amplitude changes.

RC CONSTANT - Time constant of a resistor-
capacitor circuit; equal in seconds to the
resistance value in ohms multiplied by the
capacitance value in farads.

RC (RESISTIVE-CAPACITIVE) COUPLING -
Coupling between two or more circuits,
usually amplifier stages, by means of a com-
bination of resistive andcapacitive elements.

RC NETWORK - Circuit containing resist-
ances and capacitances arranged in a parti-
cular manner to perform a specific function.

RC OSCILLATOR - Oscillator in which the
frequency is determined by resistance and
capacitance elements.

REACTANCE - In electrical circuits, react-
ance is the imaginary component of imped-
ance. The symbol for reactance is X.

REACTANCE MODULATOR - Device, the
reactance of which may be varied in ac-
cordance with the instantaneous amplitude
of the modulating wave applied. Electron
tubes are widely used in this manner to
e ffect phase or frequency modulation.

REACTANCE TUBE - A vacinim tube oper-
ated in such a manner that itpresents almost
a pure reactance to the circuit.

REACTANCE LOAD - Load having react-
ance, such as a capacitive load or an induc-
tive load, rather than a resistive load.
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RECEIVING ANTENNA - Device for con-
verting received space propagated electro-
magnetic energy to electrical energy.

RECEIVING CIRCUIT - Apparatus and con-
nections used exclusively for the reception
of messages at a radio telephone or radio
telegraph station.

RECTIFICATION - Conversion of alternating
current into unidirectional Current by means
of a rectifier.
RECTIFIER - (I) A device having an asym-
metrical conduction characteristic, employed
in such a manner as to convert alternating
current into unidirectional current. In am-
plitude modulation detection, recovery of
original signals is frequently accomplished
by a rectifier. (2) Device that converts
alternating current into unidirectional cur-
rent by permitting appreciable current flow
in one direction only.

REFERENCE LEVEL - Level used as a
starting point when designating the value of
an alternating quantity or a change in the
quantity by means of decibel units. For
sound loudness, the reference level is usu-
ally the threshold of hearing. For communi-
cation receivers, the commonly used level
is GO microwatts. A common reference in
electronics is 1 milliwatt and power is
stated as decibels above or below 1

(dbm).

REFERENCE VOLTAGE - The AC voltage
in a sync.hro servosystcm used to determine
the in-phase or 18V-out-of-phase condition
in order to provide directional sense.

REFLECTED IMPEDANCE - (I) Impedance
value that appears to exist across the pri-
mary of a transformer due to current flow-
ing in the secondary. (2) Impedance which
appears at the input terminals as a result
of the characteristics of the impedance at
the output terminals.

REFLECTED WAVE - (1) Part of the indi-
dent wave reflected back into the first
medium. (2) Sky wave reflected from the
ionosphere layer back to earth. (3) Wave
reflected from the junction of two media
with different reflective indices.

REFLECTOR - (I) Device to redirect radia-
tion in a desired direction or directions.
(2) Rear portion (parasitic element) of a
directional antenna, not connected to the
transmitter or receiver, and so designed u
to increase the radiation effectiveness in
the forward direction. (3) Element in a re-
flex klystron tube which reflects the elec-
trons back toward the grid.

REFLEX ICLYSTRON - Xlystron which em-
ploys a reflector (repeller) electrode, in
place of a second resonant cavity, to redirect
the velocity-modulated electrons through the
resonant cavity which produced the modula-
tion. Such klystrons are well suited for use
as oscillators because the frequency is
easily controlled by varying the position of
the reflector.

REGENERATION - Process by which a part
of the power in the output circuit of an
amplifying device reacts upon the input
circuit in such a manner as to reinforce
the initial power, thereby increasing the
amplification. Synonym: positive feedback.

REGENERATIVE DETECTOR A detector
circuit in which BF energy is fed back in
such a way as to produce regeneration,
thereby greatly increasing the amplification
and sensitivity of the circuit.

REGULATED POWER SUPPLY - Power
supply device containing means for main-
taining constant voltage or constant current
under changing load conditions.

REGULATION - (1) Maintaining a constant
level of power, voltage, signal, etc., in a
circuit or system. (2) Ratio of the change
in voltage due to a load to the open-circuit
voltage, expressed in percent.

RELAY - ) Transmission forwarded through
an intermediate station. (2) Electrically oper-
ated switch, usually comprised of an electro-
magnet, an armature, and a number of
contact springs. (3) Device in which a small
current or power flow can be made to
control a larger current or power flow in a
secondary circuit openingorclosing contacts.
Usually contains an electromagnet and an
armature.
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RELAY CONTACTS - Contacts that are
closed or opened by the movement of the
armature of a relay.

RELUCTANCE - Property of a magnetio
circuit which determines the amount of
magnetic flux that will be produced as a
result of the application of a given magneto-
motive force.

REMOTE-CUTOFF TUBE Electron tube
which is designed no as to approach cutoff
very gradually as the negative grid potential
is increased.

REPULSION - Mechanical force tending to
separate bodies having like electrical charges
or like magnetic polarity, or in the ease of
adjacent conductors, having currents flow-
ing in opposite directions.

RESIDUAL CHARGE - Charge remaining
on the plates of a capacitor after an initial
discharge of the capacitor.

RESIDUAL IONIZATION - Ionization of air
or other gas in a closed chamber, not
accounted for by recognizable neighboring
agencies.

RESIDUAL MAGNETISM - Magnetism re-
maining in a substance after removal of
the magnetizing force.

RESISTANCE - (I) Property of a conductor
which determines the amount of current
that will flow as the result of the applica-
tion of a given electromotive force. All
conductors possess some resistance, but
when a device is made especially for the
purpose of limiting current flow, it is called
a resistor. A resistance of I ohm will allow
a current of I ampere to flow through it
when a potential of I volt is applied.
(2) Opposition which a device or material
offers to the flow of current. The effect
of resistance is to raise the temperature
of the material or devico carrying the current.
(3) Circuit element designed to offer a
predetermined resistance to current flow.

RESISTANCE BRIDGE - Common form of
Wheatstone bridge, employing resistance in
three arms.
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RESISTANCE WIRE - Wire made from a
metal or alloy having high resistance per
unit length, such a nichrome. Used in wire -
wound resistors, heating elements, etc.

RESISTOR Electrical component which
offers resistance to the flow of current. It
may bo a coil of fine wire or a composition
rod.

RESONANCE - Of electrical circuits, con-
dition in a circuit containing inductance
and capacitance where the inductive react-
ance is equal and opposite to the capacitive
reactance. This condition occurs at but one
frequency for a given fixed circuit and the
circuit is said to be in resonance. The
resonant frequency May be changed by vary-
ing either the capacity or inductance.

RESONANCE CURVE - Graphical repre-
sentation illustrating the manner in which
a tuned circuit responds to the various fre-
quencies in and near the resonant frequency.

RESONANT CAVITY - Form of resonant
circuit in which the current is distributed
on the inner surface of an enclosedchamber.
By making the chamber of the proper dimen-
sions, the circuit can be made to have a
high Q at UHF and SHF frequencies. The
resonant frequency of a cavity canbe changed
by the adjustment of screws which protrude
into the cavity, or by changing the shape
of the cavity.

RESONANT FREQUENCY - (I) Frequency,
of a crystal unit, for a particular mode of
vibration to which, discounting dissipation,
the effective impedance of the crystal unit
is zero. (2) That frequency, for a given
resonant circuit at which the inductive react-
ance is equal to the capacitive reactance.

RESONANT LINE - Transmission line hav-
ing values of distributed inductance and
distributed capacitance such as to make the
line resonant at the frequency it is handling.

RESONATE - To bring to resonance, as
by tuning.

RETENTIVITY Ability of a material to
retain its magnetism.
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REVERSE BIAS Bias applied to sem1
conductor junction with polarity, so little
or no current flows through the junction.

REVERSE CURRENT - Of a semiconductor
diode, the total current flowing through a
eemiconductor diode lathe reveres direction.

RF See RADIO FREQUENCY.

RF AMPLIFIER - An amplifier, stage, or
section used to increase the voltage or
power of radio frequency signals.

RF CHOICE - Coil having a high inductive
reactance for radio frequencies and used to
prevent radio-frequency currents from peas-
log from one circuit to another.

RF COMPONENT - Portion of a signal or
wave which consists of only the RF al-
ternationa, and does not include the audio
rate of change.

RF TRANSFORMER - Transformer designed
to transfer RF energy from one circuit to
another.

RHEOSTAT - (1) Resistor whose value can
be varied. (2) Variable resistor which is
used for the purpose of adjusting the cur-
rent in a circuit.

RHOMBIC ANTEls..o . Directional antenna
composed of long wtok. sliators comprising
the sides of a rhombus, the two halves of
the rhombus being fed equally in opposite
phase at an apex. The antenna is usually
terminated in an impedance.

RING TIME - Interval from trailing edge
of transmitted pulse until signal is lost
in receiver noise.

RIPPLE - Periodic fluctuation on a DC volt-
age which results from incomplete filtering
in a power rectifier set, or from the bars
of the commutator or a DC generating
machine. The magnitude of ripple is ex-
pressed as the ratio of its effective value,
to the average value of the total DC voltage,
in percent.
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ROOT MEAN SQUARE 4s The square root of
the average of the squares of the instant-
aneous values of a piriddic quantity taken
throughout one complete period. It is the
effective value of a periodic quantity.

ROOT MEAN SQUARE VALUE Of alter-
nating currents and voltages, the RMS value
is the effective value of current or voltage
applied. It is that alternating current or
voItade that produces the same heatingeffect
as an equal value of direct current or voltage.
It is equal to 0.707 times the maximum
value of a sine wave.

ROSIN CORE SOLDER Solder in tubular
form, the center filled with rosin, and,
therefore, self-fluxing.

ROSIN JOINT Connection of a conductor
to a piece of equipment or another con-
ductor supposedly securely soldered, but
actually held together by rosin flux. Same
as rosin connection.

ROTARY SWITCH - Bank and wiper switch
with wipers or brushes that move only on
the arc of a circle.

ROTOR PLATES Rotating plates of a vari-
able capacitor.

SATURABLE REACTOR - Magnetic core
reactor in which a low value of current
produces magnetic saturation of the core,
thereby reducing the effective inductance
and reactance above the saturation point.

SATURATION - (1) Maximum impregnation
of a solid or liquid substance. (2) Maxi-
mum possible density of a magnetic field
or the maximum possible vapor pressure of
substance in a given space. (3) Condition
in which maximum current is passing through
the device. (4) Condition which exists in a
circuit when an increase in the actuating
component produces no further increase in
the resultant effect.

SATURATION LIMITING - Limiting the out-
put of an amplifier circuit by operating in
the region of saturation.
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SCHEMATIC CIRCUIT DIAGRAM - Circuit
diagram in which component parts are re-
presented by simple, easily drawn symbols.
May be called schematic.

SCREEN - (1) Metal partition or shield
which isolates a device from external mag-
netic or electric fields. (2) Screen-grid
electrode of an electron tube. (3) Chemically
,coated inside surface of the large end of a
cathode-ray tube which becomes luminous
when struck by an electron beam.

SECONDARY ELECTRON - An electron
emitted as a result of bombardment of
a material by electrons or cathode rays,
or by collision of a charged particle against
a surface.

SECONDARY EMII1SION - The ejection of
electrons from a solid or liquid as a result
of charged-particle impact.

SECONDARY VOLTAGE - Voltage across
the secondary winding of a transformer.

SECOND DETECTOR That portion of a
superheterodyne receiver that separates the
audio component from the modulated inter-
mediate frequency.

SELECTIVITY - (1) That characteristic
which determines the extent to which it is
possible to differentiate between the desired
signal and disturbances of other frequencies.
(2) Ability of a receiver to reject trans-
missions other than the one to whch it is
tuned (usually expressed by a curve in
which the input signal voltage required to
produce a constant power output is plotted
against a frequency). (3) Degree to which
a radio receiver can accept the signals of
one station while rejecting those of all
other stations on adjacent channels.

SELENIUM RECTIFIER - Rectifier formed
of discs of iron in contact with a layer of
metallic selenium.

SELF-BIAS - Condition under which a device
sets its own bias.
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SELF - CONTROLLED OSCILLATOR - Oscil-
lator depending on its resonant circuits for
frequency determination; i.e., not crystal
controlled.

SELF-INDUCTION (1) Action in which a
counter electromotive force is produced in
a conductor when the conductor's own mag-
netic field collapses and expands with a
change in current flow. (2) Production of a
voltage in a circuit by a varying current
in that same circuit.

SELSYN - Single-phase, self-synchronous
machine which converts mechanical posi-
tion into electrical signal, or vice versa.
Selsyn is a trade name applied to this type
of synchro motor or generator.

SEMICONDUCTOR - A solid or liquid
electronic conductor, with resistivity be-
tween that of metals and that of insulators,
in which the electrical charge carrier
concentration increases with Increasing
temperature over some temperature range.
Over most of the practical temperature
range, the resistance has a negative tem-
perature coefficient. Certain semiconductors
possess two types of carriers; namely,
negative electrons and positive holes. The
electrical properties of semiconductors are
highly sensitive to the presence of impurities
and to previous treatment.

SEMICONDUCTOR DIODE - A semicon-
ductor device having two terminals and
exhibiting a nonlinear voltage current char-
acteristic; in more restricted usage, a
semiconductor device which has the asym-
metrical voltage-current characteristic ex-
emplified by a single PN junction.

SENSITIVITY - (1) Sensitivity of a radio
receiver or similar device is taken as the
minimum input signal required to produce
a specified output signal having a specified
signal-to-noise ratio. This signal input may
be expressed as power or as voltage, with
input network impedance stipulated. (2) Least
signal input capable of causing an output
signal having desired characteristics.
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SERIES CIRCUIT - Arrangement where two
or more electrical devices are connected
so that the current through one must flow
through the other; electrons have one path
to travel from the negative terminal to the
positive terminal.

SERIES EXCITATION - Obtaining field ex-
citation in a motor or generator by allowing
the armature current to flow through the
field winding.

SE RIES-PARALLEL CIRCUIT - One in which
two c$ more parallel or series combinations
are *series with each other.

SERIES RESONANCE - (1) Resonance ex-
hibited by a capacitor and inductor connected
in series, characterized by low series at-
tenuation at the resonant or tuned frequency
and high series attenuation of all others.
(2) Steady-state condition which exists in a
circuit comprising inductance and capacit-
ance connected in series when the current
in the circuit is in phase with the voltage
across the circuit. (3) Condition existing in
a circuit when the source of EMF is in
series with an inductance and capacitance
whose reactances cancel each other at the
applied frequency, reducing the impedance
to minimum.

SERIES WOUND - Motor or generator in
which the armature and field windings are
in series.

SERVOSYSTEM - (1) Complete electro-
mechanical system for amplifying and trans-
mitting accurate mechanical position from
one point to another by electrical means,
in a closed circuit loop. The purpose of a
servo is to reproduce a signal at a place,
power level, or form different from the
original signal, but under its control. The
servosignal is usually mechanical. The cir-
cuit elements are motors, gear, or thermo-
stats. (2) Electromechanical system which
is used for positioning one element of a
system in relation to another. The change
in position of one element of the system
results in the production of an error volt-
age which is used indirectly to cause a
motor to drive the other element of the
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System to the point where the error voltage
no longer exists.

SHELL ) Group of electrons which
form part of the outer structure of an
atom, and having a common energy level.
(2) Lamina of magnetic material in which
the lines of induction are in the direction
of its thickness. Its strength is the magnetic
moment per unit area.

SHIELD - ) Rousing of metal, usually
aluminum or copper, placed around a radio
circuit. The housing prevents interaction
between circuits by providing a low resist-
ance and reflecting path to ground for high
frequency radiations. (2) Sheet or core of
iron enclosing instruments or radio parts to
protect them from stray magnetic fields by
providing a convenient path for the magnetic
lines of force.

SHORT CIRCUIT - Low resistance connec-
tion between two points of different potential
in a circuit, usually accidental and usually
resulting in excessive current flow that
may cause damage.

SHORT WAVE - Refers to radio frequencies
above the commercial broadcasting band
used for sky wave communications; wave-
lengths less than 200 meters.

SHOT EFFECT - Noise voltages developed
as a result of the random nature of electron
travel within electron tubes. The effect
is characterized by the steady hiss in audio
reproduction, and by "snow" or "grass"
in video reproduction.

SHUNT - (1) Precision, low -value resistor
placed across the terminals of an ammeter
to increase its range. (2) Any part con-
nected, or the act of connecting any part,
in parallel with some other part. (3) Branch
of an electric circuit having its winding in
parallel with the external or line circuit.

SHUNT-WOUND - Windings so designed in
a motor or generator, that armature and
field windings are in parallel.
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SIDE13ANDS (1) Frequency bands on both
sides of the carrier frequency which contain
the frequencies of the waves produced by
the process of modulation. (2) Wave corn
portents lying within such bands. NOTE: In
the process of amplitude modulation with
a sine-wave carrier, the upper sideband
includes all sum (carrier plus modulating)
frequencies; the lower sideband includes
all difference (carrier minus modulating)
frequencies.

SIGNAL - (1) Any transmitted electrical
impulse. (2) Operationally, type of mes..
sage, the text of which consists of one or
more letters, words, characters, signal
flags, visual displays, or special sounds,
with prearranged meanings, and which is
conveyed or transmitted by visual, acousti-
cal, or electrical means. (3) A wave that
conveys desired intelligence. The signal
may consist of an electromagnetic wave in
space, the current in or voltage impressed
upon a circuit element, or the sound impinging
upon the ear from a loudspeaker or headset.
(4) Intelligence, message, or effect conveyed
in communications and' other electronic
applications.

SIGNAL GENERATOR - Instrument which
Produces voltages of known amplitude and
waveform for testing and measuring elec-
tronic apparatus.

SIGNAL-TO-NOISE - Ratio of the magnitude
of the signal to that of the noise; often
expressed in decibels. This ratio is ex-
pressed in many different ways; e.g., in
terms of peak values in the case of impulse
noise, and in terms of root-mean-square
values in the case of random noise, the
signal being assumed sinusoidal. In specific
cases other measures of signal and noise
may he used if clearly stated.

SILICON - Nonmetallic element which is
a semiconductor and used as transistor
material.

SINE WAVE' - Wave in which the amplitude
varies as the sine of the angle; the wave-
form of a normal alternating current or
voltage.
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SINGLE-END AMPLIFIER .. Amplifier stage
which normally employs only one tube or
semiconductor or, if more than one tube or
semiconductor is used, they are connected
in parallel so that operation is asymmetric
with respect to ground.

SINGLE»PHASE CIRCUIT - Either an
alternating-current circuit which has only
two points of entry, or one which, having
more than two points of entry, is intended
to be so energized that the potential differ-
ences between all pairs of points of entry
are either in phase or differ in phase by
180°. A single-phase circuit with only two
points of .entry is called a single-phase,
2-wire circuit.

SINGLE-SIDEBAND - Term used to describe
the process of single-sideband, suppressed
carrier communications operations, and the
equipment required for this type of opera-
tion. Within the transmitter of such a system
the carrier is suppressed, either partially
or completely and restored at the receiver.
In single-sideband operations, only one side-
band is transmitted.

SINUSOIDAL - Varying in proportion to the
sine of an angle or time function. Ordinary
alternating current is sinusoidal.

SKIN EFFECT - Tendency of currents at
high frequencies to flow near the surface
of a conductor thus being restricted to a
small part of the total sectional area and
producing the effect of increasing the
resistance.
SKIP DISTANCE - (1) Minimum distance at
which radio waves of a specified frequency
can be transmitted at a specified time be-
tween two points on the earth by reflection
from the regular ionized layers of the
ionosphere. Reflected waves are received
at smaller distances only by scattered or
zigzag reflections. (2) Minimum distance
between the transmitting station and the
point of return to the earth of the trans-
mitted wave reflected from the ionosphere.

SKY WAVE Radio wave that travels up-
ward in space from the antenna; may or may
not be returned to earth by reflection from
the ionosphere.
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SLIP - Difference in a motor's synchronous
speed and its operating speed. It may be
expressed in a percent of synchronous speed,4 as a decimal fraction of synchronous speed,
or directly in revolutions per minute (RPM).

`.._....

SLIP RING - Device for making electrical
connections between stationary* and rotating
contacts.

SLUG - (1) Heavy metal ring or short-
circuited winding which is used on the core
of a relay to introduce a time delay in its
operation. (2) Metallic core which is moved
along the axis of a coil for the purpose
of tuning.

507T TUBE - (1) High-vacuum tube which
has become defective because of the entry
of a small amount of gas. (2) An electronic
tube into which a small amount of gas has
purposely been put in order to obtain desired
characteristics. A gaseous tube.

SOLDER - Alloy of lead and tin that melts
at a fairly low temperature, used in making
electrical connections.

SOLDERING IRON - Tool used to apply heat
to a joint preparatory to soldering.

SOLDERLESS CONNECTOR - Device for
clamping two wires firmly together to pro-
vide a good connection without solder. A
common form is a cap with tapered internal
threads, twisted over the exposed ends of
the wires.

SOLENOID - (I) Electromagnet having an
energizing coil which is approximately
cylindrical in form, acting on an armature
positioned in the center of the coil (2) Elec-
tric conductor wound as a helix with a small
pitch, or as two or more coaxial helixes.
(3) Tubular coil of wire which, when trave reed
by an electric current, acts as a magnet
and tends to pull a movable iron core to a
central position.

SOURCE IMPEDANCE - Impedance pre-
sented by a source of energy to the input
terminals of a device.

.

SPACE ATTENUATION - Loss of energy,
expressed in decibels, of a signal in free
air; caused by such factors as absorption,
reflection, a c atte ringi' and dispersion.

SPACE CHARGE - Charge of electricity
distributed throughout a volume or space.
For example, negative charge due to the
cloud of electrons existing in the space
between the cathode and plate in a vacuum
tube, formed by the electrons emitted from
the cathode in excess of those immediately
attracted to the plate.

SPAGHETTI - Heavily varnished cloth tubing
or plastic, sometimes used to provide in-
sulation for circuit wiring.

SPARK Flash clue to an electric discharge
through air o r some othe rdielectric material,
taldng place between two or more electrodes.

SPARK SUPPRESSOR - Network, usually
consisting of a capacitance and resistance
in series, connected across a pair of con-
tact points to diminish sparking.

SPECTRUM ANALYZER - Teat instrument
used to show the distribution of energy
contained in the frequencies emitted by a
pulse magnetron; also used to measure the Q
of resonant cavities and line; and to measure
the cold impedance of a magnetron.

SPEECH AMPLIFIER - An AF voltage am-
plifier for amplifying signals from a
microphone.

SPEECH FREQUENCY - Audio frequency in
the space from about 100 to 3,000 hertz,
which includes all components considered
essential for intelligibility of speech.

SPLICE - Joint used for connecting in
series two lengths of conductor or cable,
so as to form a union with good bond and
high conductivity.

SPLIT-PHASE MOTOR - Single-phase in-
duction motor equipped with an auxiliary
winding displaced in magnetic position from,
and connected in parallel with the main
winding.
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SPURIOUS RADIATION - Emissions from
a radio transmitter at frequencies outside of
its assigned or intended emission frequency.

SQUARE WAVE - Periodic wave which al-
ternately for equal lengths of time assumes
one of two fixed values, the time of trans-
ition being negligible in comparison.

SQUELCH CIRCUIT - Circuit for preventing
a radio receiver from producing audio
frequency output in the absence of a signal
having predetermined characteristics. A
squelch circuit may be operated by signal
energy in the receiver passband, by noise
quieting, or by a combination of the two
(ratio squelch). It may also be operated by
a signal having special modulation charac-
teristics (selective squelch).

SQUIRREL -CAGE INDUCTION MOTOR -
Motor in which the secondary circuit con-
sists of a squirrel-cage winding suitably
placed in slots in the secondary core.

STABILITY - Freedom from undesired
variation.

STAGGER TUNING - Method of aligning
the IF stages of a superheterodyne receiver
to produce wide bandwidth. This is accom-
plished by peaking alternate IF transformers
at slightly different frequencies.

STANDARD - Exact value, or a concept
that has been established by authority. cus-
tom, or agreement, to serve as a model
or rule in the measurement of a quantity
or in the establishment of a practice or
procedure.

STANDING WAVE - (1) Distribution of cur-
rent and voltage on a transmission line
formed by two sets of waves traveling in
opposite directions, and characterized by
the presence of a number of points of suc-
cessive maxima and minima in the distri-
bution curves. Standing waves indicate that
power is being lost in transmission; there-
fore, efforts are made to keep standing
waves to a minimum. (2) Sinusoidal distri-
bution of current and voltage amplitudes
along a transmission line as a result of the
deflection of energy from a point where a
mismatch of impedance occurs.
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STANDING-WAVE RATIO - (1) Ratio of
current (or voltage) at a loop (maximum)
in a transmission line to the value at a
(minimum) node. It is equal to the ratio of
the characteristic impedance of the line
to the impedance of the load connected to
the ouput end of the line. (2) Ratio of the
amplitude of a standing wave at an antinode
to the amplitude at a node.

STATIC - (1) Interference caused by natural
electrical disturbances in the atmosphere,
or the electromagnetic phenomena capable
of causing such interference. (2) Noise heard
in a radio receiver caused by electrical
disturbances in the atmosphere, such as
lightning, northern light, etc. (3) Fixed,
nonvarying condition.

STATOR - (1) Portion of machine which
contains the stationary parts of the mag-
netic circuit with their associated windings.

. (2) Fixed or nonmoving part of a variable
capacitor.

STEP-UP TRANSFORMER - Transformer
in which the energy transfer is from a
low-voltage winding to a high-voltage wind-
ing or windings.

STORAGE - Ability to retain information;
part of the computer which holds data.

STRAY CAPACITANCE - Capacitance exist-
ing between adjacent conductors or wiring.
Coupling effects cause it to be detrimental
at high frequencies.

SUBATOMIC PARTICLES - Particles that
make up the atom; e.g., proton, electron,
neutron, etc.

SUBCARRIER - (1) Carrier that is modulated
and then applied as modulation on a second
carrier. (2) Carrier which is applied as a
modulating wave to modulate another car rie r.

SUBHARMONIC - Sinusoidal quantity having
a frequency which is an integral submuitiple
of the fundamental frequency of a periodic
quantity to which it is related; e.g., a wave,
the frequency of which is half the funda-
mental frequency of another wave, is called
the second subbarmonic of that wave.
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SUPERHETERODYNE RECEIVER Receiver
in which the incoming modulated RF signals
are amplified in a preamplifier (in some
cases, but not necessarily in all receivers
of this type), and then fed into a mixer (first
detector) for conversion into a fixed, lower
carrier (called the intermediate frequency
of the receiver), the modulated IF signals
undergo very high amplification in the IF
amplifier stages and are then fed into a
detector (second detector) for demodulation.
The resulting audio or video signals are
usually further amplified before use.

SUPPRESSED CARRIER - Term used to
designate that type of system which results
in the suppression of the carrier frequency
from the transmission medium. The intelli-
gence of a carrier wave after modulation is
contained in either sideband, and normally
only one sideband is transmitted; the other
sideband and carrier frequency are sup-
pressed. The intelligence is recovered atthe
receiving end by inserting a carrier fre-
quency from a local source which when
combined with the incoming signal, produces
the original frequencies withwhichthe trans-
mitting carrier was modulated.

SUPPRESSOR - Resistor used to reduce or
prevent oscillation or the generation of
unwanted RV signals.

SUPPRESSOR GRID - (1) Grid which is
interposed between two electrodes, both poet-
tive with respect to the cathode, to prevent
the passing of secondary electrons from
one to the other. Not to be confused with
grid suppressor. (2) Electrode used in an
electron tube to minimize the effects of
unwanted secondary-electron emission from
the plate or anode.

SWEEP GENERATOR - Circuit which ap-
plies voltage or current to the deflection
elements in a cathode-ray tube in such a
manner as to make the deflection for the
electron beam a known function of time,
against which other periodically occurring
electrical phenomena may be examined,
compared, or measured.

SWINGING CHOKE Choke in which the
effective inductance varies with the amount
of current passing through it. It is used
in some power supply filter drew/.

SWITCHING - Making, breaking, or changing
the connections in electrical circuit.

SYMBOL (1) In writing or printing, a
conventional sign such as a character, a
letter, or an abbreviation used instead
of a word or words. (2) Design, letter,
or abbreviation used on diagrams and maps,
in formulas, etc., to represent specific
characteristics, quantities, or objects. Radio
parts are often represented by schematic
symbols on circuit diagrams.

SYMMETRICAL - Balanced, therefore hav-
ing equal characteristics on each side of
a central line, position, or value.

SYNCHRO - A synchronous electric motor,
used. in pairs, or multiunit installations ,

to telemeter angular motion, both in speed
and total movement.

SYNCHRONISM - (1) Relationship between
two or more periodic quantities of
the same frequency when the phase dif-
ference between them is constant. (2)Applied
to the synchronous motor, the condition under
which the motor runs at a speed which is
directly related to the frequency of the power
applied to the motor and is not dependent
upon other variables.

SYNCEROSCOPE (1) Instrument used to
determine the phase difference or degree
of synchronism of two AC generators or
two AC quantities. (2) Oscilloscope on which
recurrent pulses or waveforms may be ob-
served, which incorporates a sweep gen-
erator that produces On sweep for each
pulse. The sweep usually is very fast to
permit display of short pulses.

TANK CIRCUIT - (1) Tuned circuit used
to store energy temporarily. (2) Parallel
resonant circuit.
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TAP Of a transformer, a connection
brought out of a winding at some point
between its extremities, usually to permit
changing the voltage ratio.

TAPPED RESISTOR Wire-mound, fixed
resistor having one or more additional
terminals along its length, generally for
voltage-divider applications.

TEMPERATURE-COMPENSATING CAPAC-
ITOR - Capacitor whose capacitance varies
with temperature in a known and predict-
able manner, used extensively in oscillator
circuits to compensate for changes in the
values of other parts with temperature
change.

TERMINAL - (1) Fitting to which electrical
connections are made. (2) Final station in
a radio relay system.

TERMINAL BOARD - Insulating baile or
slab, equipped with terminals for connecting
wiring.

TERTIARY WINDING - Winding added to a
transformer in addition to the conventional
primary and secondary windings such as for
suppressing third harmonics or for making ,

connections to a power-factor correcting
device.

TESLA COIL - An induction coil used to
develop a high frequency, high voltage
discharge.

TEST LEAD - Flexible insulated lead used
chiefly for connecting meters and test in-
struments to a circuit under test.

TEST PROD - Sharp metal point provided
with an insulated handle and means for
electrically connecting the point to a test
lead. It is used for making touch connection
to a circuit terminal.
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TEST SET Item of communications -
electronics equipment which is usedtolocnto
faults and troubles in circuits andequiprnent.,

TETRODE Four-electrode electron tube
containing an anode, a cathode, a control
electrode, and one additional electrode,
ordinarily in the nature of a grid.

THERMAL AGITATION - Movements of the
free electrons in a material, due to heat.
In a conductor, they produce minute pulses
of current. When these occur at the input
of a high-gain amplifier, the fluctuations are
amplified together with signal currents and
heard as noise.

THEFIMIONIC EMISSION (1) Liberation of
electrons due to the temperature rise of a
cathode alone, quite independent of any other
electrodes within the tube. (2) Electron
emission from a solid body as a result of
its elevated temperature.

THERMISTOR - An electronic device which
makes use of the change of resistivity of a
semiconductor' with changes in temperature.

THERMOCOUPLE - Device consisting of
two dissimilar metals in pbysical contact,
thereby forming a thermojunction across
which a voltage is developed when the
junction is heated. An instrument comprising
a thermocouple, or thermocouples, connected
to a meter calibrated in units of temperature
is one of many types of pyrometers (used
to measure high temperatures). A thermo-
couple heated by RP current and connected
to a DC meter serves as an RF ammeter
when the meter is calibrated in current, and
as an RF voltmeter when the meter is cali-
brated in volts.

THREE-PHASE CIRCUIT - Combination of
circuits energized by alternating electro-
motive forces which differ in phase by
one-third cycle or 120 electrical degrees.

INOTE: In practice, the phase may vary
several degrees from the specified angle.
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THRESHOLD - Point at which an effect is first
produced, observable or otherwise indicated.

THY RATRON » Hot»cathode gas - discharge
tube in which one or more electrodes are
employed to control electrostatically (with
grids) the starting of the unidirectional
current flow. Used as controlled iactifiers
for electronic switches that close a circuit.

THYRISTOR - Bistable semiconductor device
comprising three or more junctions. Atleast
one junction can switch between reverse and
forward polarity within a single quadrant of
the anode-to-cathode voltage-current char-
acteristics. Generically, the term includes
silicon controlled rectifiers, gate control
switches, and multi-layer two-terminal
devices.

THYRITE - Silicon carbide ceramic material
having nonlinear resistance characteristics.
Above a critical voltage, the resistance falls
considerably.

TICKLER COIL - Small coil connected in
series with the collector or plate circuit of
a transistor or tube, and inductively coupled
to a base Or grid-circuit coil in order to
establish feedback Or regeneration. Used
chiefly in regenerative detector circuits.

TIGHT COUPLING - (I) Degree of coupling
in which practically of of the magnetic lines
of force produced by one coil, link a second
coil. (2) More than enough coupling to give
maximum transfer of energy at the resonant
frequency. Greater than optimum Coupling.

TIME CONSTANT - Time required for an
exponential quantity to change by an amount
equal to 0.632 times the total change that will
occur. Ina capacitor-resistor circuit, it is the
number of seconds required for the capacitor
to reach 63.2 percent of its full charge after a
voltage is applied. In an inductor-resistor
circuit, it is the number of seconds required
for the current to reach 63.2 percent of its
final value. The time constant in seconds of an
inductor having an inductance L in henrys and
resistance R in ohms is L/R. The time con-
stant of a capacitor having a capacitance of C
in farads in series with a resistance R in
ohms is RC.

TIME-DELAY CIRCUIT Circuit that delays
the transmission of an impulse, signal, or
performance; a definite desired period of time.

TIMER » (I) Assembly of electric circuits
and associated equipment which provides the
following: :rigger pulses, sweep circuits,
intensifier pulses, gate voltages, blanking
voltages, and power supplies. An important
feature of a timer is that the various output
events are synchronized with respect to each
other. (2) Part of an electronic circuit which
starts pulse transmission and synchronizes it
with the beginning of indicator sweep, timing
of gates, range markers, etc.

TINNED WIRE - Copper wire that has been
coated during manufacture with a layer of
tin or solder to prevent corrosion and
simplify sollering of connections.

TOGGLE SWITCH - Two-position switch
which may be flipped from side -to -side
to open or close circuits.

TOLERANCE - (I) Maximum error or varia-
tion from the standard permissible in a
measuring instrument. (2) Maximum elec-
trical or mechanical variation from speci-
fications which can be tolerated without
impairing the operation of a device.

TOROID - An object having a shape similar
to a doughnut.

TOURMALINE - Strongly piezoelectric nat-
ural or synthetic crystal.

TRACE - (I) Pattern that appears on the
screen of a cathode-ray tube. (2) Visible
line or lines appearing on the screen of a
cathode-ray tube as a result of the deflection
of the electron stream.

TRACKING - (I) Process of keeping a radio
beam, or the cross hairs of an optical sys-
tem, set on a target and determining the
range of the target continuously. (2) Mainte-
nance of proper frequency relations in cir-
cuits designed to be simultaneously variedly
gang operations. (3) Condition in which all
tuned circuits in a receiver follow accurately,
throughout the tuning range, the frequency
indicated by the tuning dial.
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TRANSCONDUCTAME -, Of a field effect
transistor, the change in drain current caused
by a change in gate voltage divided by the
change in gate voltage, with drain-to-source
voltage constant. Of a vacuum tube, the
change in plate current divided by the change
in grid voltage that causes the change in
plate current, plate voltage held constant.
It is also called mutual conductance.

TRANSDUCER .. Device by means of which
energy can flow from one or more trans-
mission systems to one or more other
transmission systems. NOTE: Energy trans-
witted by these systems may be of any
form (e.g., it may be electrical, mechanical,
or acoustical), and it may be of the same
form or different forms in the various in-
put and output ,systems. Microphones or loud-
speakers which convert mechanical vibra-
tions or sound waves into electrical energy,
and vice versa, are samples of a transducer.

TRANSFORMER - An electric device, with-
out moving parts, which by electromagnetic
induction transforms electric energy from
one or more circuits to one or more other
circuits at the same frequency, usually with
changed values of voltage and current.

TRANSIENT - (1) Instantaneous' surge of
voltage or current which occurs as the result
of a change from one steady-state condition
to another. (2) Phenomenon which takes
place in a system owing to a sudden change
in conditions and which persists for a rela-
tively short time atter the change has oc-
curred. (3) Distinct line or series of.lines
perpendicular to the direction of scanning
produced in the recorded Cagy immediately
following a sudden change in density. (4) A
damped oscillatory quantity occurring in
the output of a system as a result of a sudden
change in input.

TRANSISTOR - An active semiconductor
device with three or more electrodes.

TRANSISTOR BASE - A region which lies
between an emitter and a collector of a
transistor, into which minority carriers
are injected.
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TRANSISTOR TESTER -. Test. instrument
to indicate condition of transistors used in
electronic equipment.

TRANSIT TIME - The time taken for a
charge carrier to transverse a given path.

TRANSMISSION - (1) Transfer of electric
power from one location to another over
conductors. (2) Dispatching of a signal,
message, or other form of intelligence by
means of wire, radio-telegraphy, telephony,
or faacimile.

TRANSMISSION LINE .. (1) Material struc-
ture forming a continuous path from one
place to another, for directing the trans-
mission of electromagnetic energy along
this path. (2) Conductor or series of con-
ductors used to carry electrical energy
from a source to a load.

TRANSMITTER - (1) The apparatus for the
production and modulation of radio-frequency
energy for the purpose of radio communi-
cation. (2) A term applied to that part of a
radio or radar set where the radio-frequency
oscillations are generated and/or amplified.
(3) Device for converting sound waves to
electrical waves.

TRAVELING-WAVE TUBE - An electron
tube in which a beam of electrons inter-
acts continuously with a guided electro-
magnetic wave to produce amplification at
ultra-high frequencies.

TRIGGER - (1) To start action by means of
one circuit, in another circuit which then
functions for a period of time under its own
control. (2) Short pulse, either positive or
negative, which can be used to set into motion
a chain of events.

TRIMMER CAPACITOR - Variable capacitor
assocated with another capacitor and used
for fine adjustment of the total capacitance.

TRIODE - Three-electrode vacuum tube
containing an anode, a cathode, and a con-
trol grid.
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TRISISTOR A new fast-switching /semi-
conductor, consisting of an alloyed junction
PNP device in which the collector is a
conjugate emitter, that is capable of eleetrOn
injection into the base.

TRUE POWER » Average value of power
consumed by a circuit during one com-
plete Cycle of alternating current; apparent
power multiplied by the circuit powerfactor.

TUBE - Vacuum tube, so named because
of its oftentime tube-shaped glass or metal
envelope.

TUBE TESTER - Test instrument designed
to indicate the condition of vacuum tubes
used in electronic equipment.

TUNED CIRCUIT - Circuit consisting of
inductance and capacitance which can be
adjusted for resonance at a deal red frequenCy.

TUNED-PLATE, TUNED-GRID OSCILLA-
TOR - Vacuum-tube oscillator which has
resonant circuits in both its grid and plate
circuits, with no inductive coupling between
them.

TUNNEL DIODE SEMICONDUCTOR - A
semiconductor consisting of a PN junction
which has been especially constructed to
optimize the characteristics desired. It has
an extremely narrow junction and large
impurity concentrations in both regions. In
operation , the tunnel diode differs from
other types of PN junctions in that it exhibits
negative resistance and the current is carried
by electrons that travel across the PNbarrier
by quantum mechanical tunneling.

TURNS RATIO OF A TRANSFORMER -
Ratio of the number of turns in the primary
winding to those in the secondary winding.

UNBALANCED LINE - Transmission line
in which the voltage on the two conductors
are not equal with respect to ground; e.g.,
a coaxial line.

UNIDIRECTIONAL - Flowing in only one
direction, such as a direct current.
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UNIDIRECTIONAL ANTENNA - Antenna
that has a single, well - defined direction
of maximum radiation intensity.

aleUNIDIRECTIONAL CURRENT - Cur nt
which has either all positive or all gt
tive values.

UNIPOLAR TRANSISTOR - A transistor
which utilizes charge carriers of only one
polarity.

UNITY COUPLING - Perfect magnetic cou-
pling between two coils, so that all magnetic
flux produced by the primary winding passes
through the entire secondary winding.

UPPER SIDEBAND - nigher of two fre-
quencies or two groups of frequencies pro-
duced by a modulation process.

VACUUM - Condition where sufficient sir
has been removed from a container so that
any remaining gas will not affect the char-
acteristics of the device beyond an allowable
amount, Theoretically, a perfect vacuum is
an enclosed space from which all the air
and gases have been removed; this is never
attained in actual practice.

VACUUM TUBE - Device consisting of an
evacuated enclosure containing a number of
electrodes (two or more) in which conduction
of electricity takes place, unaffected by the
presence of gas or vapor.

VACUUM-TUBE VOLTMETER - Device uti-
lizing the characteristics of a vacuum tube
for measuring voltages.

VALENCE - Measure of the extent to which
an atom is able to combine directly with
other atoms. It is believed to depend on
the number and arrangement of the electrons
in the outermost 'shell of the atom.

VALENCE BAND - The range of energy
states in the spectrum of a solid crystal
in which lie the energies of the valence
electrons which bind the crystal together.

VARACTOR - Two-terminal device in which
the electrical characteristic of interest is a
voltage dependent capacitance.
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VARIABLE INDUCTANCE - Coil (inductor)
in which inductance value can be varied.

VALUABLE -MU -TUBE Vacuum tube in
which the wires of the grid are irregularly
spaced, to that at different points within
the operating range, the grid exercises a
different amount of control on the electron
stream. This shifts the operating point from
One saction of its characteristic curve to
another, thus clanging the amplification
factor

VARIABLE RESISTOR - Wire-woundor com-
position resistor, the value of which may
be changed.

VARIABLE TRANSFORMER - Iron-core
transformer having provisions for varying
its output voltage over a limited range or
continuously from zero to maximum output
voltage, generally by means of a contact
arm moving along exposed turns of the sec-
ondary winding.

VARIAC - Trade name for an autotrans-
former with a toroidal winding with a rota-
ting carbon brush, giving a continuously-
adjustable output voltage from zero to line
voltage plus 17 percent.

VARISTOR - A 2-terminal resistive element
composed of an electronic semiconductor and
suitable contacts which has a markedly non-
linear volt-ampere characteristic. NOTE:
Varistors may be divided into two groups,
symmetrical and nonsynimetrical, based on
the symmetry or nonsymmetry of the volt-
ampere curve.

VECTOR DIAGRAM- Arrangment of vectors
showing the relations between alternating
quantities having the same frequency.

VECTOR QUANTITY - Quantity that has both
magnitude and direction. Examples of physi-
cal quantities that are vectors are dis-
placement, velocity, force, and magnetic
intensity.

VIBRATOR - (I) Electromagnetic device
which is used to change a continuous steady
current into a pulsating current. (2) Vibrating
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reed, driven like a buzzer, with contacts
arranged to supply direct current to two
windings of a transformer so that alternating
current is supplied from another winding to
the load.

VIDEO (I) Latin word meaning "I see."
It is applied as a prefix to the name of the
television parts or circuits which carry
picture signals. (2) Radar or television sig-
nals which actuate the cathode-ray tube;
frequencies extending from approximately
60 hertz to several megahertz. (3) Pertain-
ing to the bandwidth and spectrum position
of the signal resulting from television scan-
ning. NOTE: In current usage video denotes
a bandwidth in the order of megahertz and
a spectrum position that goes with a DC
carrier.

VIDEO AMPLIFIER - Wideband amplifier
capable of amplifying video frequencies.

VIDEO FREQUENCY - (1) Band of fre-
quencies extending from approximately 100
hertz to several megahertz. (2) Frequency
of the voltage resulting from television
scanning. Range from 0 to 4 megahertz or
more.

VIRTUAL CATHODE - Electron cloud that
forms around an outer grid in a thermionic
vacuum tube when an inner grid is main-
tained at a slightly positive potential with
respect to the cathode.

VOICE COIL - Moving coil which activates
the diaphragm of a dynamic speaker.

VOICE FREQUENCY Frequency lyingwith-
in that part of the audio range which is
employed for the transmission of speech.
Voice frequencies used for commercial
transmission of speech usually lie within
the range of 200 to 3,500 hertz.

VOLT - Unit of electromotive force or
electrical pressure. One volt is the pres-
sure required to send 1 ampere of current
through a resistance of 1 ohm.
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VOLTAGE (1) Term used to signify elec-
trical pressure. Voltage is a force which
causes current to flow through an electrical
conductor. (2) Voltage of a circuit; the great-
est effective difference of potential between
any two conductors of the circuit concerned.

VOLTAGE AMPLIFIER Amplifier desig-
nated primarily to increase the voltage of a
signal.

VOLTAGE DIVIDER - Resistor which is
connected across the output of a power
source with mechanical provisions for con-
necting the local load circuits in parallel
across part or all the resistor, thereby
obtaining the desired voltage.

VOLTAGE DOUBLER - Voltage multiplier
which separately rectifies each half cycle
of the applied alternating voltage and adds
the two rectified voltages to produce a direct
voltage, the amplitude of which is approxi-
mately twice the peak amplitude of the
applied alternating voltage.

VOLTAGE DROP - Difference in voltage
between two points. It is the result of the
loss of electrical pressure as a current
flows through an impedance.

VOLTAGE GRADIENT - Uniform rate of
voltage change across the resistive material.

VOLTAGE NODE - Point having zero volt-
age in a stationary wave system. A voltage
node exists at the center of a half-wave
antenna.

VOLTAGE RATING - Maximum sustained
voltage that can safely be applied to an
electrical device without risking the pos-
sibility of electrical insulation breakdown.

VOLTAGE RATING OF A FUSE - Root-
mean-square AC voltage or the DC voltage
at which it is designed to operate.

VOLTMETER - (1) Instrument for meas-
uring potential difference; may be calibrated
in volts, microvolts, millivolts, or kilovolts.
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VR TUBE Gas-iilied electronic tube which
has the property of maintaining a nearly
constant voltage across its terminal over a
Considerable range of current through the
tube. Used in electronic voltage regulators.

WATT - Practical unit of electric power. It
is the power required to do work at the rate
of 1 Joule per second. There are 748 watts
in 1 hoursepower.

WATTAGE RATING Rating expressing the
maximum power that a device can safely
handle.

WAVE - Propagated disturbance, usually
periodic such as a radio wave or sound
wave. If the periodic motion is regular and
recurring, the wave is said to be periodic;
if not recurring, it is said to be aperiodic
or damped.

WAVEGUIDE (1) Broadly, a system of
material boundaries capable of guiding
electromagnetic waves. (2) Specifically, a
transmission line comprising a hollow con-
ducting. tube within which electromagnetic
waves may be propagated; or, a solid di-
electric or dielectric-filled conductor for
the same purpose.

WAVEGUIDE CUTOFF FREQUENCY - Fre-
quency limit of propagation along a wave-
guide for waves of 3givenffeldconfiguration.

WAVELENGTH - Wavelength is the distance
traveled in one period or cycle by periodic
disturbance. It is the distance between cor-
responding phases of two consecutive waves
of a wave train. A wavelength is the quotient
of velocity divided by frequency.

WAVESHAPE - Graph of the wave as a
function of time or distance.

WHEATSTONE BRIDGE- Null-type
resistance-measuring circuit in which re-
sistance is measured by direct comparison
with a standard resistance.

WIEN BRIDGE - Network of resistors and
capacitors which has voltage characteris-
tics, with respect to frequency, similar to
those of a tuned, inductance-capacitance
circuit, used for measuring frequencies.
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WINDING - One or more turns of wire
forming a continuous coil for a transformer,
rotating machine, Or other device.

WIRE - Solid or stranded group of solid,
cylindrical conductors having low resist-
ance to current flow, with any associated
insulation.

WIRE-WOUND RESISTOR - Resistor WM-
ing, as the resistance element, a length of
high-resistance wire or ribbon wound on an
insulating form.

WIRING DIAGRAM - Drawing that shows
electrical equipment and/or componentparts
together with all the wiring that inter-
connects this equipment and/or parts.

WORKING VOLTAGE - Voltage rating. In
an electrolytic capacitor, it is the highest
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voltage that can be applied continuously with
safety.

YAW ANTENNA - Type of directional
antenna array, usually consisting of one
driven one-half wavelength dipole section,
one parasitically excited reflector, and sev-
eral parasitically excited directors.

ll

ZENER BREAKDOWN - Of a semiconductor
diode, a breakdown that is caused by the
field emission of holes and electrons in the
depletion layer.

ZERO BEAT - Condition where two fre-
quencies which are being mixed are exactly
the same, therefore produce no beat note.

ZERO-BIAS TUBE - Vacuum tube which is
so designed that it may be operated as a
class B amplifier without applying a nega-
tive bias to its control grid.
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GRAPHIC SYMBOLS

GENERAL

The symbols may be oriented in any
manlier with respect to each other with-
out changing their meanings,. Thus, symbols
for antennas, ground, cheesier etc., may
"paint" in any direction convenient to the
draftsman preparing the diagram. Associated
equipment, such as measuring devices, are
identified as such by using broken lines for
both interconnections and symbols. Terminal
symbols may not be used unless actually
required.

TYPES OF DIAGRAMS USING
GRAPHIC SYMBOLS

1. BLOCK DIAGRAMS - Block diagrams
consist of simple rectangles and circles with
names, connected with single lines to show
the general arrangement of the apparatus
required to perform the desired function.

7,06

Direction of power or signal flow is often
indicated by arrows near lines, or arrow-
heads on tho lines themselves.

2. SCHEMATIC DIAGRAMS- Schematic dia-
grams show all major components graphi-
cally, and their interconnections. Many
schematics will indicate voltage and current
values, as well as wave shapes, at specific
points. Single-line schematics use single lines
to interconnect components, even though two
or more conductors are required.

3. WIRING DIAGRAMS - Wiring diagrams
are complete, in that all terminals are
identified; all socket numbers, color-coded
leads, rotors of variable condensers, etc.,
are clearly shown. Sufficient detail and identi-
fication Is included so that a competent
technician who has no knowledge of the
operation of the equipment can wire it
properly.
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ADJUSTABLE

1. Continuously adjustable. variable

AMPLIFIER

2. General

3. With two input.

4. With two outputs

3. With adjustable gain

6. With associated 'Hamster

7. With associated power supply

IL With external feedback path

1. / 2.

S.446.

Amplifier Letter
Combinations

(May be used with amplifier symbols
if needed for explanation.

BDG bridging
BST booster
CMP compression
DC direct current
MCP expansion
LIM limiting
MON monitoring
PGM program
PRE preliminary
PWR power
TRQ torque

ANTENNA

0. General

10. Dipole

11. Loop

12. Counterpoise. antenna

ARRESTER. LIGHTNING

13. General

14. Carbon block

15. Electrolytic or aluminum cell

18. Horn gap

1;1
a. :repii

9. y E

21.

13. ..110-

13.

14.

IL 26. 1 e-

68
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Tab's of Graphic Symbols (contd)

ARRESTER, LIGHTNING (Continued)

I. Protective lisp

2. Sphere gip

3. Valve or lilm element

4. itigsp

I. drerCio 11*

ATTENUATOR, PIXED 3. 4.

See also PAD Name symbols as variable
attenuator without adjustment arrow.)

ATTENUATOR VARIABLE

S. General

0. Balanced

7. Unbalanced

AUDIBLE SIGNALING
DEVICE

11. Bell

0. Butur

to. Loudspeaker

Loudspeaker Letter
Combinations

(Asterisk (*) and dagger 91 are not
part of synxboL)

RN horn. 'electrical
fiNV howler
4.5 loudspeaker
SN siren
tEM electromagnetic with moving coil
t E)471 electromagnetic, moving coil
and neutralised winding

ti40 magnetic armature
tint permanent magnet

11. Sounder. telegraph

9.

11.

lb.

12.

BATTERY 14.
13.

12. One cell

13. ?Subteen

14. atulticell with tape

15. atulticell with *dimmable tap

CAPACITOR

HI. General

15. -11-T II-. le.

I I I
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Table of Graphic Symbols (Contd)

CAPACITOR (Continued)

I. Polarised

3. Atijuetab le or variable

3. Adjustable or variable with
mechanical linkage

4, Co:ominously adjustable or aerial)**
deferential

5. Phase shifter

lg. Split Mater
r

7. Feed-through

CELL. PHOTOSENSITIVE

0. Asymmetrical phottwanduceve transducer

9. Symmetrical photoconductive transducer

10. Photovoltaic transducer

CIRCUIT BREAKER

11. General

13. General

CIRCUIT ELEMENT

1,
1+
T

2..

latter Combinations
for Circuit Elements 7.

(sisterisk not part a symboL )

CLK clock
DIAL telephone dial
EQ equaliser
FAX facet:nee set
FL filter
FL-RE filter. band elimination
FL-13P filter. band pasa 9. )tFL-1110 Misr. blab Fens
FL-LP filter. low -pass We--

T

IND ildicetar
PS power supply
RU reproducing unit
RO recording unit
TIM telephone station
TPR teleprinter
TTY teletypewriter

11.
1

)
1

10.

13. EA
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Table of Graphic Symbols (Con 4)

Ground

I. Earth ground

2. amide connection

3. Common connection*

adentitying inertia to &sae peinie
tied together shall replace ii4
asterisks. )

CLUTCH' BRAKE

4. Clutch disengaged when operating
means &energised

5. Clutch engaged when operating
mews' &energised

9. Brake applied when operating means
energized

7. Brake released when operating
means energized

COIL, OPSIUITD1C
(RZLAT)

S. Genital

9. Dot &boos inner end or winding

CONNICTION. KliCKANICAL
031,13113.000

10. Without Menses

11. With fulcrum

I.

S.

S.

7.

1
2.

J.,

fit ....

11.

0.

1... .4..0 %..

. 2"1...

10.
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Table of Graphic Symbols (Contd)

CONNECTOR

1. Female contact

2. Melo contact

3. Separable conneatora (engaged)

4. Coaxial connector with outside
conductor carried through

3. Two-conductor switchboard Jack

8. Two-conductor switchboard plug

7. Female contact (convenience (*Wets
and mating connector.)

S. Mole contact (convanienca anima
and mating connectors)

9. Two-conductor nonpolarisad
connector with tomato contacts

10. Two-conductor polarised
connector with male contacts

Vlavogulast Flanges

11. Mated (goners])

la. Plain (rectangular wavoguide)

13. Choke (rectangular waveguide)

CONTACT. ELECTRICAL

14. Vinod contact for jack. key or relay

15. Vinod contact for switch

18. Fixed contact for momentary switch

17. Sleeve

16. Moving contact. aeastable

19. Moving contact. locking

20. Moving contact. sionlockine

31. Segment. bridging contact

22. Vibrator reed

33. Vibrator split reed

34. Bastin contact (slip Ana and contact)

I. ..< 2. ->

_19
3. -(4. 4.

. -11 .

5. gv-4
6. 4.-1--I-

7.

e.

11.

13.

e. On

la. OM -me

13. Oh - IS. =Imp

17. 00111)om f 18. ga

18. sue. 20.

31. ca ow o 32.

23. 24.

72
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Table of Graphic Symbole(Contd)

CONTACT, ELECTRICAL (Continued)

1. Closed contact, break

3. Open contact. make

3. Transfer

4. Mahe-betorsobreak

5. Open contact with tiane-closind
or time- delay- closing

6. Closed contact with time opening
or time-delay-opening

7. TLaut- sequential- closing

CORE

Air core

No Symbol

6. Madootic core of Inductor or
tramfor me r

9. Core of magnet

10. COUNTER,
ELECTROMECHANICAL

COUPLER. DIRECTIONAL

IL General

12. E-plane aperture coupling,
30-db lose

1.
0114,7 on so-uf

3.
.1;11 OR

5.
IC IT OR

.1
TOCT

7.

11

9. ==i

3.

4.

S.

10.

T
0110..

t
0116.4

Fi

TO* ON* TOO

13. Loop coupling, 30-db lose 11. 12.= V® 3008
14, Probe coupling, 30-db lose

15. Resistance coupling. 30-db loss

16. COUPLINO 13. le.X- C1.. 3006 X 1 3006
(By aperture of lees than weveguide
e tas)

(Replace asterisk (*) by E. H or HE
depending upon type of coupling to
guided tranandssion pub.)

DELAY FUNCTION

17. General

1$. Tapped delay

(Replace asterisk () with value of
daisy.)

15. X 3000 16. 0

11. MID le.
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Table of Graphic Symbols (Contd)

DIRECTION OF FLOW

I. One way

2. Both ways

DISCONTINUITY

3. Equivalent series element

4. Capacitive reactants

5. inductive reactance

4, inductance-capacitance circuit.
infinite reactions. at resonance

T. Inductance- capacitance circuit.
fer0 reactance at resonance

4. Restetance

9. Equivalent shunt element

10. Capacitive ausceptaace

11. Ccesductance

12. Inductive suaceptaace

13. Inductance-capacitance circuit
with infinite ausceptance Si
resonance

14. Inductance-capacitance circuit
with 'Aro ausceptance at
resonance

ELECTRON TUBE

15. Directly heated cathode. beater

IL Indirectly heated cathode

17, Cold cathode
(Including tonically heated
cathode)

19. Photocathode

19. Pool cathode

WL lonically heated cathode with
supplementary beetles

21. Grid

22. Deflecting electrode

I.

3.

s.

7.

9.

11.

13.

l5.

17.

19.

OP ale Oftmab
wroommr.

ON*
4.

1.

I.

10.

21. - - -- 32.

09
11114Ime

A

A
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Tab'e of Graphic Symbols (Conb3)

ELECTRON 'rung (Continued/

1. ignitor

2. Excitor

3. Anode or plate

4. Target or I-ray anode

3. Dynode

IL Composite anode-photocathode

7. Composite anode-cold cathode

11 Composite anode-ionically heated
cathode with supplementary heating

9. Shield. within envelope and connected
to terminal

10. Outside envelope of x-ray tube

11. Coupling by loop

12. Resonator. cavity type- -
single- cavity envelope with
grid electrodes

13. Resonator- double - cavity
envelope with grid electrodes

14, Ifulticavity inagewitrcw mods and
envelope

13. Envelope

NI, Split envelope

17. Gas- tilled envelope

18. easing orientation. tubes with
keyed bases

19. easing, tubes with bayonets. bosses
or other reference points

20. Base terminals

t7. 10.

it t0

1.

3.

a.

7.

0.

11.

13,

.i.

±

4-

a.

4.

6.

a.

10.

12.

e 0
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Table of Graphic Symbols (Contd)

ELECTRON TUBE (Continued)

1. Envelope terminate I.

3. Triode with directly heated
cathode end envelop* *animation
to bane terminal

S. Pentode

a. Twin triode egulpotentlal cathode

5. Cold-oathode voltage regulator

0. Vacuum photombe

T. Multiplier phototube

0, Cathode-ray tube. elect rootage
tied, ellen

O. Cathode-ray tuba. magnetic
deflection

to. Mercury-pool tubs with Ignitor
and control grid

11. Mercury-pool tube with excitor.
control grid and holding anode

12. Single-mode pool-type vapor
rectifier with Ignitor

15. Six-anode metal-tank pool-type
rectifier with excitor

14. Resonant magnetron with coaxial
output

IS. Reeenaut magnetron with permanent
magnet

U.

14.

mite
TIctIONIAL

FLLIUA ,' I

Z.

11.

7.

9.

12.

13.

6.

S.

lb.

t3.

-e-
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Table of Graphic Symbols (Contd)

ELECTRON TUBE fCcetinuit&

1. Tunable magnetron

2. Reflex klystrorb integral cavity

3. Double - cavity klYete011. tailrerla
cavity

4. Transmit-receive (t" r) tube

5. X.ray tube with directly boated
cathode and tocuitifig grid

6. X -ray tube with control grid

7, X -ray tube with grounded shield

8, Double-focus x -ray tube with
rotating mods

9. X-Fey tube with multiple
accitlessiing electrode

FUSE

1.

3.

5.

10. General

11. High-voltage Cuss

12. High-voltage Cu... oil

13. GOVERNOR

14. HALL GENERATOR

16. HANDSET

MEND

18. General 9.

17, Hybrid Juliette=

11. '
lg.

OR

1.

13.

17.

E

2.

4.

6.

S.

10.

14.

&WI
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Table of Graphic Symbols (Contd)

INDUCTOR

I. General

2. Magnetic -core inductor

3. Tapped Inductor

4. Adjuetable inductor

5. Continuously adjustable inductor

IL Saturable-core Inductor (reactor)

7. KEY, TELEGRAPH

LAMP

B. Balsa% tube

9. Fluorescent lamp, nwo-terminal

10, Fluorescent lamp, four terminal

It. Cold-cathode glow lamp. AC type

12. Cold-cathode glow lamp, GC type

13. Incandescent lamp

MAC/UNE. ROTATING

14. Generator

15, Motor

Ie. MAGNET. PERMANENT

17. METER

Meter Letter
Combination

(Replace saterlek (*).with proper
letter combination. )

A ammeter
All ampere -hour
CMA contact-making (or breaking/
ammeter
CMC contact-making (or breaking)
clock
CMV contact-making (or breaking/
voltmeter
CRO cathode-ray oscilloscope
DR decibel meter
DBM decibels referred to one milliwatt
DM demand meter
DTR demand-totalising relay
F frequency meter

2.

4.

6.

S.

10.

12.

14.

11.

1.

T

Lad
fill

aiE

3

oVvVe 011 emir

3.

5.

7.

9.

11.

13.

15.

It.

a;E

p
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2.0?
Table of Graphic Symbols (Contd)

Meter Letter
CoMblnatItnin (Conthtued)

0 galvanometer
CID ground detector
I indicating
INT integrating
NA or VA micrommeter
MA milliammetsr
NM noise meter
OHM olunmeter
OP oil pressure
OSCO osoillograph. string
PH phamenseter
PI position indicetor
rr power factor
RD recording demand meter
REC recording
RI reactive factor
SY synchroscope
t.. temps rature
THC thermal converter
MU telemeter
Dr total Woo
V voltmeter
VA volt-ammeter
VAR varineter
VARIl varhour meter
VI volume indicating
VV standard volume indicating
W wattmeter
WH watthour meter

1. MICROPHONE

2. MODE SUPPRESSION

3. MODE TRANSDUCEit

MOTION. MECHANICAL

4. Trona lotion. one direction

5. Trona tattoo. both directions

6. Rotation. one direction

7. Rotation. both diractions

I.

S.

10. PAD

NETWORK

OSCILLATOR

PATH. TRANSMISSLON

11. General

12, Wire

13. Two conductors

1.

a.

I.

V

CU

10.

12.

14. .4.1.01."

16.

14.

15.

16.

17.

3.

77..

a,

11. MililIMI

13. --741 co

Ili. mg L

17.

Air or space path

Dielectric path other than air

Crossing of conductor,
not connected

Junction
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Table of Graphic Symbols (Conta)

PATH, TRANSMISSION (Continued)

1. Junction of connactod paths,
conductors or wire'

3. Shielded single-conductor cable

3. Coaxial cable

4. Two-conductor cab!'

5. Shielded two-conductor cable with
'Mold grounded

IL Orouping at laid/

7. automat. or conditional wiring

I. Aaoociated or tuna, wiring

9. A000ciatod or future equipment
(arnplitior shown)

10. Circular waveguido

11. Root angular wave guide

PHASE SHIFTER

13. Gene rat

13. Adjuetablo

PICKUP HEAD

1.

4.

-Ir
OR

e.

OR ONLYONLY If Re0111Re0
111' SPACe LIMITATION 3.

I.

le. General 7. -Cie-
I.

15. Recording

le. Ploybock

17. Erasing 0. r...-1 :,... 10. -G-m Writing, reading and 'rasing 1."

19. Storey

1/. 12. 4 13.

14. 15. 18.

17. -- 19. Ilm. EINI 19.

219
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Table of Graphic Symbols (Contd)

1.

3, Positive

3. Negative

4. General

5, 'Madam

PIEZOELECTRIC CRYSTAL

POLAMITY

RECEIVER, TELEPHONE

RECTIFIER

(Represents say teethed of
reCIIIICMI1011 such as elec
iron tube, solidstale device,
elsctrocheintoM device,' etc./

S. General

7, Controlled (N-Type Gate)
RELAY

S. Alternating current or ringing

9. Fast-operate

10. Fast - release

II. Magneticaily polarised

12. Stow-operate

13, Slow release

Relay Letter
Com Moellering

(Not required with specific
symboL /

AC alternating current
13 differential
DB double biased
DP dasbpot
EP electrically polarised
FO fast operate
FR fast Moue
MG marginal
NB no bias
NR nonreactive
P magnetically polarized
SA slow operate and slow release
SO slow operate
SR slow release
SW soutdwieh wound

1. wm.1131mmor

3. 3.

4.

S.

03

Of

5,

7.

MI

B. El= 9. =I

10. 61=1 11.

12. El= 12. al=3

220

81



Table of Graphic Symbols (Contd)

RESISTOR

1. General

3, Tapped resistor

3. Tapped resietor with adjustials
eontact

4. Adjustable or continuously
adjustable

5. Instrument or relay .hunt

6. Nonlinear resistor

7. Ilytninstrical vesistor

(Replace metsrisks (s) with
identification of symbol. )

a. RESONATOR, TUNED
CAVITY

ROTARY JOINT

s. General (Replace asterisk (01
with traosinission path
recognitica synsboL )

10. Coazial in recteogular waveguide

11. Circular in rectangular wafted&

SEMICONDUCTOR
DEVICES

12. Semisoft:lector region with one
antis cannectios

13. Sensicondactor region with
plurality of ohmic conoactIone

14. Rectifying 'section. P on N region

IS. Rectifying junction. N on P region

14. Emitter. P on N region.

17. Plurality of P emitters cm X region

IS. Emitter. It on P region

IS. Plurality of N emitters co P region

EX Collector

I. ftAtlinr

S. CBO

T.

11.

13.

15.

11.

le.

A- . _L.

' Ir

'
S. 0

10.io. ...Eme..

13.

14.

1$.

IS.

10.

-r

I

82
aro
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Table of Graphic Symbols (Contd)

SEMICONDUCTOR .
DEVICES (Continued)

1. Plurality of collectors

3. Transition between regions of
dissimilar conductivity

3. Intrinsic region between regions
of dissimilar conductivity

C. latrinatO region between regions
of similar conductivity

s. Intrinsic region between
collector end region of
dissimilar conductivity

6. Intrinsic region betwomn
collector and region of
similar conductivity

7. Light dependence

11. Temperature dependants

O. Capacitive device

10. Tunneling device

1 i. Breakdown dories

12. PNP transistor (actual device end
construction of symbol)

13. RUMP device (actual Caviar and
construction of symbol)

14. Semiconductor diode

IS. Capacitive diode (oleos Veriest).
vsractor, reactance diode,
parametric diode)

16. Breakdown diode, unidirectional
(also: backward diode, ava-
lanche &Mk., voltage regulator
diodes senor diode, voltage
reference diode)

17. Breakdown diode. bidirectional
and backward diode
(also: bipolar voltage limiter)

10. Tunnel diode (also scald diode)

1.

3.

S.

7.

9. *

II. .1

is 1411111522M1

to.

17.

171(61 Di
11) (2) ! 2 151

lirkb; ty k
1 1

P

(411511111(71(8)(11)

-ay

to. I

14.

16.

Ia.

121
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Table of Graphic Symbols (Contd)

flE1UCONDUCTOR
DEVICES (Continued)

1. Temperature dependent diode

1. Photodiode (also* solar cell)

3. Semiconductor diode, PNPN
switch (also: Shockley diode.
fourleyer diode)

4, PNP transistor (also: Junction,
peintcalteet, mesa. spit:midi
planar, surfacebarrier)

3. PNP transistor with one
e lectrode counseled to
e nvelops

I. 1410N transistor (see ottar
names under Pie transistor)

7. Unijunction transistor. Ntrive
boss (also: douhlobase diode.
filamentary transistor)

O. Unikutction transistor, P-type
boss (see othsr names shove)

9. Pieid-effect transistor.
Ntype base

10. Field-effect transistor.
P-type bass

11. Semiconductor triode. PNPN
Switch (also: controlled rectifier)

13. Semiconductor triode. NPNP
Switch (also: controlled rectifier)

13. NPN transistor with
tranaverse.biased base

14. PNIP transistor with ohmic
connection to intrinsic region

13. NPIN transistor Witb ohmic
connection to intrinsic region

16. PNIN transistor with ohmic
connection to intrinsic region

17. NPIP transistor with ohmic
connection 10 intrinsic region

lg. MELD

I. 3.

4,

a.

7.

9.

11.

13.

13.

17.

14.

18.

14.

84
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Taboo of Graphic Symbol. (Contd)

SQUIB

1. Cantos's**

9, Igniter

3. Sensing link

SWITCH

4. Slagle -throw

5. Double-throw

S. Double.-pole.
doublothrow
with terminal& shown

7. Knits switch

S. Puab button. circuit
closing (make)

O. Push button. circuit
opening (break)

10. Nanlocking; mOsnantary or
spring return -- circuit closing
Snake/

11. Nonlockiasg; momentary or
isprbsg return -- circuit opening
(break)

13. Nonlocking; momentary or
spring return -- transfer

13. Locking -- circuit closing
(make)

14. Locking--circuit opening
(break)

IS. Locking -- transfer.
three-position

16. Water (example shown: 3.pole.
3-circuit with 3 nonshorting
and 1 aborting moving contacts)

17. Safety interlock- - circuit01
III. Safety interlock-- circuit

closing

1. ..0
3.

3. 4-...r 4. _.J_._

5. s.re-

7.

9.

mom"

40

11. u..- 4 on 0..4--.

S.

O rye
*JO

10. 0..... os 47.1.

17. s>`+ 0--16

13. 00y OR 0..9 14. 0o, og 45..-15

16.

15. 0
OFF4:

0

17. Ie. 017Cprim
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Table of Graphic Symbols (Contd)

SWITCHING FUNCTION.

1. Conducting. elated Masai
(break)

3. taseanaleting, open meant
(make)

3. Trenear

4. Omura

!RACISM°

aAmy. dip m

4.
A 4.r. on . I 0

0.nears War a.
Oniblesticam

CDX control-differenial
transmitter

CT gonad transformer

CZ neutral transmitter

TDA termae-differmilak
receiver

TDX toreardifferesilal
trenagaiter

111 torque readver

TX bargee tregginitier

AS resolver

D miter winding raintable le
bearings

TIIIIINATION

S. Ciale

g Open arena

I. Short eireelt

L Iambi* start
D. Terminals( marine eepeeiter.

Path GP=

10. Tamara( swiss sepasitar.
path sherted

11. Terminating series indneter.
lath ePlii

IL Termagant series indenter.
path sharked

1. -3 a.

=w oil

-T-

a -1114 0 10.

11. =. Pre IN 0 13. Iworli.)

1$.
14. 'Wire

It. n-
11). 40.4 OS

"TO-

IL Tarminallng seeinkr

14. Was ragistsr. Pak epos

IL Meilen teelaier. /silt tinted

1111111101.. MILIMENT

11. Agemilsg degas

86
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Table of Graphic Symbols (Contd)

1.

3.

34 Thermostat (operates an rising
temperature),
with break canteot

4. Thermostat with make contact

6. Thermostat with integral
heater and treader contacts

s

THERMAL ELEMENT (Continuedi

Thermal *utast

Thermal relay

L.
I. 0-4_ar105.

OR

-1X0-- 1=b

THERMSTOR

I. General
I

7. With Integral heater

THERMOCOUPLE

6. Genera

9. With Integral heater internally
connected

10. With integral insulated heater

II. Semiconductor Thermocouple
temperature measuring

12. Semiconductor thermocouple.
current nweauring

TRANSFORMER

13. General

14. Transformer with polarity
marks (instantaneous
current in to
instantanecne
current oat)

IS. Shunt drive

MI. Separate drive

13. LJ , LJn fl

3.

6.

7.

S.

VIBRATOR II.

14.
IS.

4.

S.

S.

10.

12.

to.

to."..

+.1,01Vipm..

t.

L)

-t-

228
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Table of Graphic Symbols (Contd)

VISUAL SIGNALING
DEVICE

1. Annunciate' s, general

2. AtinUaCtiataV drop or signal.
shutter type

3, Annunciator drop or signal,
ball type

4. Manually restored drop

3. Electrically restored drop

6. gwitchboardtvps lamp

T. Indicating lamp

g, Jeweled eIgnsl light

Indicating Light
Lotter Combinations

Oteplace asterisk (41 with
proper latter combination. I

A amber
B blue
.0 clear
G green
NE neon
0 °MO
OP opeleeceat
P purple
R red
W white
I yellow

Logic Symbols

0. And

10. Or

11. Esolualre or

12. State Indicator
13. PUOnop

Conipininonlarf

1, p 2,

NT'

93tP ` !Till-

' W-

6.

11,

I 1 I
13. 1 C T S 1

0 1
it

I e

S.

10.

12.

0

0

88.
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Table of Graph ic Symbols (Contd)

I. Filn-Flop Latch

3. Single Shot

3. Schmitt Trigger

Atapilifor

3. Time Delay

6. Oscillator

7. Logic Functions not
otherwise Symbolized

(Replace saierisk (of with ab-
breviation or Complete (Men'
lineation.)

1,

3.

I i

1 o I I
I I

I yes

2,

4.

6,

.7

Ose

[
.

228



ELECTRONIC FORMULAS AND LAWS

OHM'S LAW FOR DC ammo b. Total Voltage Acrora Parallel Circuit

Formulas

When two DC circuit values are given,
the lunknown value may be determined by
the application of the Ohm's Law formulas
for DC circuits:

E E E . Et 1 2 n

c. Total Voltage Across Series Circuit

Et sE
1

+E
2
+...En

I= I= IR R 3. RESISTANCE FORMULAS

P a. Resistance Showing Variation WithE M E E "N,ThR Material and Size

E
R=

R ICL

R R T A

I
2

IC = resistivity.
2

P =EI = I
2R P= R L mean length

where I = current in amperes

E = potential in volts

R = resistance in ohms

P ft power in watts

A = cross-section area in same units as L

b. Resistance to Current Flow

R =

c. Two Resistors in Parallel

1. CURRENT FORMULAS R R

I = Rt RI + R2

a. Total Current In Parallel Circuit

It z + 12 +

b. Total Current in Series Circuit

= = 12 In

2. VOLTAGE FORMULAS

a. Impressed Voltage or Voltage Drop

E =IIt

90

d. Resistance Value Determined With a
Voltmeter

E R

E
m

Ea voltage applied

Rrn internal resistance

Em voltmeter reading

229
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0. Total Resistance of Series Circuit

Rt R
1

4. R2 + . . . R
n

f. Total Resistance of Parallel Circuit
1

Rt °I 1 I 1
1110 + AM= A.

R1 R2 - 4 ' Rn

4. POWER FORMULAS

a. Watts (Power, DC Circuit)

_2
2

P = El = i R =
R

b. Total Power in Watts (Pt) Supplied to
Circuits That Are in Parallel

Pt P1 + P2 + Pn

Pi = power in circuit 1 (watts)

P2 = power in circuit 2 (watts)

Pn u power in circuitn (watts)

S. EFFICIENCY FORMULA

tzut
N = x100

6. CONDUCTANCE FORMULAS

a. Conductance for DC Circuits Is
Expressed as the Reciprocal of Resistance

G =
R

b. Ohm's Law Formulas When Conduct-
ance Is Considered

I = EG

R =
G

E = I
G

230

2.2.o
where I = current (amperes)

E voltage (volts)

G conductance (mhos)

R is resistance (ohms)

c. When Resistors Are Connected in a
Parallel DC Circuit, the Total Conductance
Is Given By:

Gil = Gi + G2 + G3 + G4 4 . .

OHM'S LAW FOR AC CIRCUITS

Formulas

When two AC circuit values are given,
the unknown v;klue may be determined by
the application of the Ohm's Law formulas
for AC circuits. The following formulas are
different variations in Ohm's Law for AC
circuits:

EI a -' 1 = ' P 1 = l'Z Ecos9 Leos('

K n o w n

Values

Formulas for Determining
U n k n o w n Values of . . .

I R E P

I & R M I2R

I & E E
I IE

I& P P

12

P
I

...

R & E
E
R

...

E2
R

R& P -vr fill.

E & P P
E

E2
P

Figure 1. Ohm'i Law Formulas for DC
Circuit

91



E IZ

.E

E 12.
loose

ZE2cose
P

P Ekon° P I
2 Zcose

P 2R

92

cosO

Z
r cos.

E2cost)

where 1 current in amperes .

E potential in volts

Z impedance in ohms

II resistance in ohms

P power in watts

9 phase angie in degrees

--,
1

Formulas for Determining Unknown Values M..,

Known Values I Z E P

1 dt Z IZ I2cose

1 dt E E..
I

IEcose

1 dt P
P P

I2cos0 loose

Z & E E E2cose
Z Z

Z dt P PZ
ose11ZeP cos

E & P P E
2cose

Ecos 0 P

Figure 2. Ohm's Law Formulas for AC Circuits
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1. CURRENT FORMULAS

a. Alternating Current Flowing in Any
AC Circuit

z..5z

b. Instantaneous Voltage (Sine Wave)

10.A.

Im maximum current (amperes)

Ions effective current (amperes)

d. Root-Mesa-Square Current Value
(Effective)

Irms 0.7071m

e E sin2T1ftm 1.11Iav
i

e 1 E main wt maximum current (amperes)

Em maximum voltage (volts) Inv a average current (amperes)

f 0 frequency (hertz) e. Maximum Current Values

t 20 time (seconds)

w si 2Tif

c. Average Current Value

I 111 0.637 1av m

2 0.9 Ieff

Inn = 1,414 !err

= 1.571av

I a effective. current (aniperes)eff

Inv a average current (amperes)

CONVERT FROM

RBIS
(Effective)

TO GET.. .
.

RIO
Effective Average Peak Peak

Peak
-to-

0.900 1.414
__.

2.828

Average 1:110 1

It

1.570 3.141

Peak 0.707 0.837 2.000

Peak-to-Peak 0.354 0.318 0.500
1

Figure 3- Mae-Wave Voltage Conversion Factors
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2. VOLTAGE FORMULAS

a. Alternating Voltage Dropped' or Volt-
age Impressed Across Any Circuit

E a IZ

b. Alternating Voltage Drop or Voltage
Impressed Across a Noninductive Resistor

'Er ° IR

c. Alternating Voltage Drop or Voltage
Impressed Across Inductor

Z 31 DCL L

XL a reactance of inductor (ohms)

d. Alternating Voltage Drop or Voltage
Impressed Across a Capacitor

E
c

a DC

Xc
= reactance of capacitor (ohms)

since P Elcos0

and P a Ela

therefore PF El- cos0
EI

PF a cone

where PF : power factor

P true power

Pa = apparent power

9 phase angle

a. For a Purely Resistive Circuit

0 = 0°

PF = 1

b. For a Resonant Circuit

0 = 0°

PF = I

c. For a Purely Reactive Circuit

9= 90°
e. Average Voltage Value

PF = 0
Eav = 0.637E m = 0.9Eeff = 0.9Erms 4. POWER (WATTS) FORMULAS

f. Root-Mean-Square, or Effective Volt- P = El x PF

age Value PF = power factor

Erma = Eeff = 0.707Em = * = 1.11Eav
ADMITTANCE FORMULAS:

g. Maximum Voltage Value a. Admittance of a Series Circuit

E = 1.414Eeff a 1.57Eav

3. POWER FACTOR FORMULAS-. The power
factor of an AC circuit is equal to the ratio
of the true power in watts to the apparent
power in volt-amperes.

truePF = watts
E x I

94

Y= F-\
R +82

1

b. Admittance Is Also Expressed as the
Reciprocal of Impedance

I TY = -
Z E

233
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where Y admittance (mhos)

Z impedance (ohms)

R resistance (ohms)

1 current (amperes)

X reactance (ohms)

E potential (volts)

6, SUSCEPTANCE FORMULAS

a. Susceptance of a Series Circuit

g*
R2 + X2

b. When the Resistance Is Zero, Suscept-
ance Becomes the Reciprocal of Reactance

B =11

where B = susceptance (mhos)

X = reactance (ohms)

R se resistance (ohms)

7. PHASE ANGLE FORMULAS - The phase
angle is the angle, expressed in degrees,
by which the current lags the voltage in
an inductive circuit, or leads the voltage in
a capacitive circuit. For purely reactive
circuits with no resistance (a theoretical
concept) the current lags by 90° in an induc-
tive circuit and leads by 90° in a capacitive
circuit. Phase angle formulas for various
combinations of R, XL, and Xc in series,
parallel, and series-parallel circuits may
be found in Figure 4.

a. RESONANT CIRCUIT - In a resonant
circuit where XL Xc, the total impedance
is resistive and the phase angle is V.
Similarly, in a circuit consisting of resist-
ance alone, the current and voltage are
IN PHASE and the phase angle is 0°.

234

b. SERIES CIRCUITS In series circuits
containing reactance and resistance, the phase
angle is equal to the angle whose tangent
is indicated by the ratio] and is expressed by

0 arc tan X-

WhereX inductive or capacitive reactance
in ohms

R nonreactive resistance in ohms
arc tan "the angle whose tangent is . . ."

c. PARALLEL CIRCUITS - In parallel
circuits containing reactance and resistance,
the phase angle in equal to the angle whose

tangent is indicated by the ratio X- and is
expressed by

0 arc tan -

IMPEDANCE FORMULAS

When values for R, XL, and Xc are given,
the impedance in ohms and the phase angle
may be computed by the following formulas.

a. SERIES A C CIRCUIT - For a series
a-c circuit:

Xc
Z -4-2 2 and 0 arc tan

XL

R +X

b. PARALLEL AC CIRCUIT - For a
parallel a-c circuit:

Zr
+ B

1

RXc RXL
8= arctan

X
L
X

c

where Z = impedance in ohms

R = resistance of a circuit in ohms
X (XL - Xc) reactance of circuit

in ohms

-95
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R

R

0°

RI 1...40%A.1

Relit R2 oar ota

ROO°

t.

ICIWOOMI
102111.01m

4..11.10 1
3

4 ni. fit
COI
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"t444x%xx.0-'3.4.
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C
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1(*-111--11

at Ac Ac X_
3 3

... aIn

0 = .40°
Ott

a

R +

Pa are tea XI.
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R
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ash.
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1. am tax
XL

a = Oe IRMO kg 2c

a

LAAcAdv

22,
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« 3ge

a0,a are tarn -I-

* xc
"Ms? xr1 +4xxixxcal

9rt tar xxx
xt. xC

at are tax

+ CIL - Itc)i

xt. x xe.1_ 331

IH
111

R 4.0itc)2
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MUM
mi.1 3 (Reif R,1)

0134.1C 3 Ott.-.Xcil
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Figure 4. Impedance Chart
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O conductance of circuit in mhos

B suseeptance of circuit in mhos

0 phase angle in degrees

Q FACTOR FORMULAS

Q is a figure of merit which is widely
used in the design of electronic equipment.
The term may be applied to a single com-
ponent, such as a coil or a capacitor, or
it may be applied to an entire circuit com-
posed of a number of resistive, inductive,
or capacitive components. The Q factor is
the ratio of reactance to resistance, and for
an inductor or a circuit having inductance
and resistance it is expressed as:

X
el _I.f.
' RL

CAPACITANCE AND RESISTANCE - For
a capacitor or a circuit having capacitance
and resistance.

Y

Q =Ac

INDUCTANCE, CAPACITANCE, AND
RESISTANCE - When a circuit contains a
combination of inductive and capacitive react-
ance as well as resistance, the Q of such a
circuit is usually expressed only at the
resonant value of the reactances. Therefore:

where Q figure of merit

XL g inductive reactance in ohms

Xc
a capacitive reactance in ohms

AL /a resistance in ohms in series with
inductor or the R- L circuit

Re resistance in ohms in series with
capacitor or the R-C circuit

L inductance in henrys

C capacitance in farads

2 3 6

27-4

TUNED CIRCUIT - In a single tuned
circuit, Q may be determined bythe relation-
ship between the resonant frequency and the
bandwidth betwe eii the 3 -db (half-power)
points.

it

Q' *Ta-i

Q II figure of merit

fr resonant frequency

4 i = deviation from resonant frequency

241 = bandwidth (width between the two
half-power points)

CAPACITY FORMULAS

1. TOTAL CAPACITY

a. Two Capacitors in Series:

C get C
1

+ C2

C1C2

b. Total Capacitance of Capacitors in
Parallel:

Cet C
1

+ C2 + . . . Cn

c. Total Capacitance of Capacitors in
Series:

1
Ct = 1 1 1

Cl C2 Cn

2. QUANTITY OF ELECTRICITY STORED
IN A CAPACITOR:

Q CE
where Q quantity stored in coulombs

E potential across the capacitor in
volts

C = capacitance in farads
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3. CAPACITANCE OF A PARALLEL PLATE
CAPACITOR:

C = 0.08842
(N-1)

where C a capacitance in pi

K = dielectric constant (Figure 5)

S area of one plate in square cen-
timeters

N = number of plates

d s thickness of the dielectric in cen-
timeters

Wei r 1 loistl I 40/b' 1 I
0.3 0. 340 1.0 0.101-

0.03

-
0.403 0.4 0.161 0.4 0.103

0.04 0.304 0.1 0.411 0.0 0.110

0.06 0. 340 4. 3 0.136 0.1 0.110

0.00 0.104 0.1 0.131 0.0 0.104

0.10 0.344 0.6 0..310 0.6 0.111

0.16 0.313 0.0 0. MI 0.4 6.110

0. 30 0.301 1.0 0.301 6. 3 0.163

0.13 0.101 0.3 0.163-. -.
0.30 0.100 0.1 0.144- ..

4 0.133- ......
1

..-... -
Igoe 411411'/m 1. wItebover 14 1440 thew volt,.

Figure 5. Values of the Constant k

4. CAPACITANCE OF A SINGLE WIRE
PARALLEL TO GROUND:

7.350.

avaiod S

where C = capacitance in pi

L= length in feet

b = height above earth in feet

d = diameter of wire in feet

S = a constant (Figure .6)

98

.
11/1 I a ilaa 1 a

I
Iltso 1 a

a 0 1.00 0. 330 0.10 0.041

0.1 0,041 0. IS 0.360 0.46 0. 616

0.3 0.006 0. 114 0.604 0, 40 0.011

3, 3 0.161 0.66 0.616 0. 36 0.004

0.4 0.101 0.40 0.604 0.30 0. 131

0.6 0.161 0.13 0.414 0.36 0.100

0.0 0.333 0.10 0.431 0.30 0.414

0.1 0. 36 4 0.66 0.411 0.14 0.040

0. 4 0.101 0.04 0.440 0.10 1.105

0.0 0.110 0.51 0.110 0.06 1.440

1.0 0. 330 0.60 0.141

11se 444144 A/1 or 1/11, w14a144e140 We 1141441111.

Figure O. Values for Constants S

5. CAPACITANCE TO GROUND OF PARAL-
LEL WIRES OF TEE SAKE HEIGHT JOINED
TOGETHER:

.381.c 7
F

where C = capacitance in pf

(a-11OF - Sa a

4h
P 1(410 71" S

2h
Q leg10' d

L= length of wire (assumed same for
all wires)

b = height above earth in feet

d a diameter of wire in feet

a a number_ of wires

D = spacing between adjacent wires
(assumed to be the same for all
adjacent pairs)

S a a constant (Figure 8)

S = a constant (Figure 7)

NOTE: This formula assumes that
the ratio Did 1/3 large.
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I i d . 1 ° G I

il I am

. --

3 0 0.414 If 4. HI

044, is Coo If coo
4 0.110 IS 0.443 la 0.010

1 0. 101 la 0.011 al 0.141

0.111 14 0.100 440 0.110

/ 0.701 0 0.010 ge Leal

0.711 IS 0.001 100 1.711

0 0.100 II 0.434

Figure 11. Values for Constants Sri

6. CAPACITANCE TO GROUND OF A SIN-
GLE VERTICAL WIRE:

C 42-11214/mlog 2h'
100,-. k

where C = capacitance in pf

-

m = length of vertical wire in feet

h' = height of lower end of wire above
earth in feet

d = diameter of wire in feet

k = a constant (Figure 5)

INDUCTANCE FORMULAS

1. TOTAL INDUCTANCE:

a. Two Inductors in Parallel With No
Mutual Inductance:

L
1L2Lt

L
1

+ L2

b. Total Inductance of Inductors in Series
With No Mutual Inductance:

Lt = L
1

+ L2 + . . . Ln

c. Total nductance of Inductors in Paral-
lel With No Mutual Inductance:

238

L *t
L

1
1 L2 w a Ln

__d,--Totatinductance-of Indfietois in Series
With Coupling present:

Lt L
1

+ L
2

+ 2M

Plus (+) for aiding

Minus (-) for opposing

L = inductance of coils (henrys)

M = mutual inductance of coils (henrys)

2. INDUCTIVE REACTANCE:

XL = wL = 21rfL

f = frequency (hertz)

3. MUTUAL INDUCTANCE The mutual
inductance between two coupled r-f coils is
given by

L -L
M = 411

4

where M = mutual inductance

La = total inductance of L1 and L2 with
aiding fields

Lo = total inductance of Li and L2 with
opposing fields
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4, INDUCTANCE OF SMALL AIR-CORE
COILS former (Approximately):

b. Current-Voltage Relationship in Trans-

a, Single-Layer Wound Coils:
za

I EAu
2 Isec Eprijrla__ A-4 7 i r+ V)

- r+ 10.0 r

b. Multilayer Wound Coils:

O.8(rN)2
Or + 01 + 10b

where L = self-inductance in microhenrys

N = total number of turns

r = mean radius in inches

2= length of coil in inches

b = depth of coil in inches

2. VOLTAGE - Voltage-turns relationship in
transformer (approximately):

T..d
E T

80C 80C

T
Prl

= primary turns

T
80C

= secondary turns

3, RESISTANCE - Resistance-Turns
Relationship in Transformer (With Unity
Coupling):

5. COUPLING COEFFICIENT - Vihentwor-f R T
coils are inductively coupled, the coefficient

orof coupling is given by: sec irsec sec sec

L1 2
K= M

where K = coupling coefficient (K x 100 =
coupling coefficient in percent)

M = mutual inductance

L1, L2 = self-inductance of coil

TRANSFORMER FORMULAS

1. CURRENT:

a. Current-Turns Relationship in Trans-
former (Approximately):

100

I
.,_,TES

Isec Tpri

T
Prl

primary turns

4. IMPEDANCE - Irnpedance-TurnRelation-
ship in Transformer (With Unity Coupling):

or

Z

Zinc
Bee

,
sec 80C

2

T
Pri

= primary turns

Tsec = secondary turns

Z
Pri

s primary impedance (ohms)

Zsec secondary impedance (ohms)

FREQUENCY FORMULAS

Wavelength

vT
80C

secondary turns
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where X wavelength

v velocity of propagation

f signal frequency

Time or Period:

111Mlmbt if
hertz

where t duration of one cycle in seconds

To Convert From Frequency to Wavelength:

also

ine
Xmeters ; au

(hertz

3a 105
fkilohertzX meters

300
and X meters fmegahertz

To Convert From Wavelength to Frequency:

also LKilohertz
=

X

3 x 10
(hertz X

3a 105

300
and fmegahertz X

where X wavelength in meters

RESONANCE FORMULAS

When XL is equal to Xc, the circuit is
resonant at a particular frequency. Combin-
ing the two reactance formulas, the formula
for resonant frequency is found to be:

24 0

'a. 3 ci
f f

rirVic
or

r LC

also L 1

(2,115(fr )2C

'and C
(2 /I' )(IlL

where tr resonant frequency in hertz

L inductance in henrys

C capacitance in farads

2/r = 6.28

470 21 39.5

VACUUM TUBE FORMULAS:

1. PLATE RESISTANCE - The dynamic plate
resistance, re, of an electron tube is the
resistance of the electron path between cath-
ode and plate. It may be calculated by effect-
ing a small change in plate voltage, and
dividing this by the corresponding change in
plate current, with the grid voltage held at
a constant value. The dynamic plate resist-
ance (rp) in ohms is given by

rp DES
I

with Eg held constant.

2. AMPLIFICATION FACTOR The ampli-
fication factor, g.t, of a vacuum tube is the
ratio of the change in plate voltage to the
opposite change in grid voltage required to
maintain the plate current at a constant value.
The numerical value of g.t is given by

with 1p held constant.
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3. TRANSCONDUCTANCE The. transcon
ductance, or mutual conductance, gm, of a
vacuum tube is equal to the amplification
factor divided by the plate resistance. There-
fore, the transconductance is equal to the
change in plate current divided by the change
in grid voltage, with the plate voltage held
at a constant value. The transconductance
(gm) in mhos is given by

AE .AE Al
gm .11r-*-r-16 or gAgp A p -tn

with E held constant.

4. VOLTAGE GAIN

a. Grounded- Cathode Circ ui t w T he
voltage amplification, or voltage gain, of a
vacuum tube in a grounded-cathode circuit is
expressed by

?PR,
RL rp

g R r
also A .2

, gay,
10 r

L

In cases where rp>>RL, the formula may be
simplified to

A = gmRL

*In this formula, gm is expressed in micro-
mhos.

b. Grounded-Grid Circuit - The voltage
gain of a vacuum tube in a grounded-grid
circuit is expressed by

RL

"1")11L+rp

c. Grounded-Plate Circuit - The volt-
age gain of a vacuum tube in a grounded-
plate (cathode follower) circuit is given by

102

.11
(=1L )R

A a mr.
rp 1 + iiL

where rp dynamic plate resistance in ohms

E plate voltage

Eg grid voltage

/ = plate current

gi amplification factor

gm transconductance in :shoe (mul-
tiply by 106 for transconductance
in micromhos)

RL = load resistance in ohms

A = gain of tube

At* change of value, either increment
or decrement

d. Amplifier With Feedback - The
voltage gain of an amplifier with feedback
is given by

Gain with feedback =

where A a gain of amplifier without feedback

/3= fraction of the outputvoltage which
is feedback

NOTE: If the expression 1 - is
less than unity, the feedback is' said
to be regenerative. This type of feed-
back, common in oscillator circtdis,
is not used in conventional amplifiers
because of the distortion introduced
by it. In amplifiers, therefore, the
feedback is usually negative and the
fractional part of the output voltage
which 'is the feedback is -g. For
negative feedback, then, the formula
becomes

A
Gain with negative feedback " 1 4774
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Bence, the expression 1 + A/3 is
greater than unity and the feedback
is degenerative. When the pin of the
stage, A, is large compared with 1,
the formula may be expressed by:

Gain with negative feedback sib

TI2.42 CONSTANT FORMULA

1. ,RC TIME CONSTANT - The. time con-
stant of an RC circuit is the time required
to charge the capacitor to 63.2 percent of
its final voltage or to discharge it to 36.8
percent of its initial charge. For calculating
the time constant of an RC circuit, thefollow-
bag formulas may be used:'

t(sec) R(ohins) x C(farads)

t(sec) R(megehms) x C(jd)

gpsec) = R01=4 x COL)

gpsec) R(megohms) x C(pf)

a. Steady-State Condition - For all
practical purposes, the steady-state condi-
tion is reached after five time constants.

b. Used for Coupling - When used for
coupling, an RC circuit should have a time
constant at least 10 times longer than the
period of the lowest frequency it must pass.

c. Used as a Differentiator - When
used as a difterentiator, an RC circuit should
have a time constant not longer than 1/10
the period of the waveform to be peaked.

2. RL TIME CONSTANT - The time constant
of an RL circuit is the time required for
the current through the inductor to increase
to 63.2 percent of its maximum value, or to
decrease to 36.8 percent of its Mailf111.101
value. For calculating the time constant of
an RL circuit:

enrya)Ogee) R(ohms)
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TRANSMISSION LINE' FORMULAS

Coaxial Impedance

For characteristic impedance of a coaxial
transmission line:

Z 41 138 (log,,Ad

2

Coaxial Resistance

For SF resistance in ohms per foot of a
copper coaxial line:

r f .1. 11 10'3d
1

d
2

Coaxial Attenuation

For attenuation in db per foot of coaxial
line:

4.6 -\,if (di d2)
a= x 10

did2 logiO4)

where Z characteristic impedance in ohms

r * RF resistance in ohms per foot
of copper line

a Is attenuation in db per foot of line

d, = inside diameter of outer conductor
a in inches

de it outside diameter of inner conduc-
tortor in inches

f it frequency in megahertz

Two-Wire Line Impedance

For characteristic impedance of a two-
wire open air transmission line:

Z = 276 log, 2D
a d
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Two-Wire Line inductance

For inductance in microhenrya per foot
of two-wire transmission line:

L 0.281 in410 TT}

Two-Wire Line Capacitance

For capacitance in pf per foot of two-wire
transmission line:

C = Il2-
13140-2-1"-

d

Two-Wire Line Resistance

For BF' resistance in ohms per loop-foot
of wire:

2 x 10-3,vf
R

1
= d

Two-Wire Line Attenuation

For attenuation in db per foot of wire:

. 0.015711
db =

log 2D10T

where Z characteristics impedance in ohms

D 2= spacing between wire centers in
inches

d = diameter of conductors in inches

L = inductance in microhenryaper foot
of line

C = capacitance in pf per foot of line

db attenuation in db per foot of wire

R
1

=RP' resistance in ohms per loop-
foot of wire

f frequency in megahertz

NETWORK MATCHING
AND ATTENUATING PAD

1. ATTENUATING PAD - Pad circuits canbe
computed using the network matching and
attenuation nomograph as illustrated in Fig-
ures 8 and 9.

104
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Conditions: Z1 Z2, and Ra III Rb

a. With straightedge, connect Z on scale A
to required db loss on scale C. Read Rc on
scale F.

b. Connect Z on scale A to required db
loss on scale D. Read Ra + Re on scale F.

c. Subtract Rc from the total, leaving Ra.

d. Ra Rb.

2. MATCHING PAD

Conditions: Zi> Z2, and Rb = 0

a. With straightedge, connect Z1 on scale
A to Z2 on scale F. Read db loos on scale E.

. b. Connect Z1 on scale B to Z2 on scale F.
Read -\r2r4 on scale A.

. c. Connect -\fir,Z2 onscale Ato db loss
on scale C. Read Rc on scale F.

d. Connect Z1 on scale A to db loss on
scale D. Read Ra + Re on scale F.

e. Subtract Rc, leaving Ra.

3. MATCHING AND ATTENUATING PAD

Conditions: Z1 Z2

a. With straightedge, connect Zi on Beale F
to Z2 on scale B. Read "Vriri on scale A.

b. Connect -\,riiTi on scale A to
required db loss on scale C. Read Re on
scale F.

c. Connect Z1 on scale A to db loss on
scale D. Read Ra + Re on scale F.

d. Subtract Re, leaving Ra.

e. Connect Z2 on scale A to db loss on
scale D. Read Rc + Rc on scale F.

f. Subtract Rc, leaving R._c* U.
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I

Figure 8. Pads

1

Figure 9. Nomograph for Determining Values of
Network Matching and Attenuating Pads

THE DECIBEL

General

The db is the unit which has been widely
adopted in radio, sound amplification, and
other branches of electronics to express
logarithmically the ratio between two
power or voltage levels, and less com-
monly the ratio between two current
levels. Although power, voltage, or current
amplification, or the magnitude of a
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N

particular power, voltage, or current rela-
tive to a given reference 'value, can be
expressed as an ordinary ratio, the db has
been adopted because of its much greater
COMO IdeliCe. Because the response of the
human ear to sound waves is approximately
proportional to the logarithm of the energy
of the sound wave and is not proportional to
the energy itself, the use of a logarithmic
unit permits a closer approach to the reac-
tion of the human ear. In other words, the
impression gained by the human ear as to
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the magnitude of sound is roughly propor-
tional to the logarithm of the actual energy
contained in sound; hence the logarithmic
unit provides a convenient method for com-
parison. Thus, e.g., a change in the gain of
an amplifier, expressed in db, provides a
much better index of the effect of the sound
upon the ear than it does if expressed as a
power or voltage ratio. The small numbers
which may be used to indicate in db the gain
or loss which correspond to large power,
voltage, or current ratios, and the ease with
which the db gains or losses may be added
or subtracted are two additional important
advantages in the use of the db.

Power Ratio

The ratio, expressed in db, of two
amounts of power, P2 and P/, is given by the
following:

db = 10 log
10

P1

The ratio, expressed in db, of two voltages,
E2 and El, or two currents, 12 and 11, is
given by

1
db = 20 , or db 20 log101

11

The db is based upon power ratios; hence
the preceding formula for deriving db equi-
valents from voltage or current ratios is
TRUE ONLY IF THE IMPEDANCE IS TEE
SAME FOR BOTH VALUES OF VOLTAGE
OR CURRENT: For example, if the above
formulas were used, it would not be pos-
sible to obtain correct information on the
gain of a given amplifier if the input Imped-
ance differed from that of the output. Hence,
in circuits where the impedances differ,
the expressions for db equivalents of voltage
and current ratios become:

db 2° 1/3g10
E1 -/7-2

106

and

1$2 2,db 20 log

Graphic Presentation

The graph (Figure 10) gives the values,
e xpressed in db, which correspond to power,
voltage, and current ratios from 1 to 100,000
and will be found of considerable assistance
in quickly determining the db equivalent for
a given ratio. It has been stressed that the
db always refers to the ratio of two levels of
power, voltage,or current. It is very often
desirable, however, to express a single level
or quantity of power, voltage, or current in
db, as for example in transmission-line work,
or in connection with the input or output of
an amplifier. The db may be used as such
an absolute unit by agreeing to specify the
ratio always with respect to afixed reference
value, called the "zero level", and to indi-
cate the absolute unit by its number of db
above or below the fixed reference value.

As an example, assume that it is desired
to specify the value in db of the output from
a 20-watt amplifier. Further assume that
0.001 watt is the reference level. This is
equivalent to a power ratio of

0.001

or 20,000, whichfromtheaccompasyingtable,
is found to be approximately 43 db; or, using
the formula,

10 x 4.3 st 43 dbdb 1° 1°g10 0.001
-

A "zero level" of 1 milliwatt (db above or
below this level is commonly termed Illbrn)
has gained considerable acceptance as the
reference value, although 6 milliwatts and

other values are also widely used It is,
therefore, very Important, when the db is
being used as an absolute unit in this way,
that the reference value employed be clearly
understood.
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Percentage modulation may also be cal- Pa carrier power ..

culated front either of the following two

formulas: 13d plate dissipation in watts

E

2-
E

%+1%+1 max
E

minx 100 Pt total radiated Power
av

= E = E nin x 100
Pat audio power from modulator

01 nia-1Emax + Emin

where E = maximum amplitude of modu- Pdc DC input power to RF stage
max fated wave

Emu, minimum amplitude of modu- P sideband power, including both
fated wave ab

sidebands

b. Power Calculations:

108

Pde a Eb Icib

Pc = eft Pdc

2P x Psb
M
2 c

Pt = Pc + Psb

)42
Pt = (1 + -i-)Pe

M modulation factor (%M divided by
100)

eft = efficiency factor of AF stage (%eft
divided by 100)

lb = plate current in amperes

%

Eb = plate voltage in volts

2. FREQUENCY MODULATION

a. Modulation Percentage:

M2 9
_freonena swing

%MPat a 2 2 Pdc swing for 10096114
x 100

24 7
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b. Modulation Index:

IF d
MI

a

rd frequency deviation

Fa audio frequency

c. Power:

P.EbzlbxF
P operating power in watts

Eb plate voltage in volts

lb plate current in amperes

F efficiency factor

ANTENNA FORMULAS

1. WAVELENGTH

a. Wavelength (meters):

300,000,
f(kHz)

where f = frequency

b. Length of Half-Wave - Length (feet) of
half-wave (radio wave) in space:

492L f (MHz)

c. Length of half-wave up to 30 mega-
hertz - Length (feet) of half-wave antenna,
up to about 30 MHz(accurate for long-wire
antennas):

L- 492 x 0.95 468
f (MHz) f (MHz)

d. Length of half-wave up to 56 mega-
hertz- Length (feet) of half-wave antenna:

492 x 0. 462L (feet) s
f(MHz) (MHz)

248

238'
5 540L (inches)
(MHz )

2. TRANSMISSION LINES:

a. Impedance of ParallelConductor Lino:

Z 216 log;

D spacing between conductors (inches)

r radius of conductor (inches)

Log to base 10

b. Sending-End Impedance for a Half»
Wave Transmission Line:

Za Zr

Zr terminating or receiving-end impedance
(ohms)

c. Impedance of coaxial or concentric
line:

Z 138 log ;

b . inside diameter of outer conductor (inches)

a = outside diameter of inner conductor
(inches)

d. Length (feet) of quarter-wave trans-
mission line:

246 x YL
f (MHz)

For parallel-wire line, If = 0.975

For parallel-tubing line, Y = 0.95

For air-insulated concentric line, Y 0.85

For rubber-insulated concentric line, Y. 0.56
to 0.65
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3. FIELD STRENGTH CAN BE APPROXI-
MATED BY THIS FORMULA:

5.970-VT
D

where E field intensity in millivolts

P = transmitter power in watts

D distance in miles

4. POWER IN TRANSMISSION LINE:

P I2Zo = E2/Zo

5. IMPEDANCE OF QUARTER-WAVE
IMPEDANCE MATCHING:

Z0 *-\Fr0 1 2

where Zo = characteristic impedance of
matching section

ZI' Z2 = impedances of lines to be
matched, all measured in ohms

O. USEFUL CONVERSIONS AND FORMULAS
IN WAVELENGTH TO FREQUENCY

a. X meters = 71/22'

b. X feet = F
994

F = frequency in megahertz

X = wavelength

7. EFFECTIVE AREA TO EFFECTIVE
LENGTH:

110

to 12(377
)Ae Ke/ 4R

where R load resistance ,.

As effective area of the antenna

= effective length of the antenna

For an antenna 5012 impedance and matched
to its load this becomes

Ae = 1,655(4)2

in logs, 10 log Ae 20 log + 2.70

8. ANTENNAS (IN- PHASE):

Relative field strength - Et 21 Cos(a Sin 9)

Directions of Maximums - 9 xisin-1,(nx 1901
a

Directions of
the Nulls - 01 8111

-1 (n x 180° .1- 901
a

9. ANTENNAS (OPPOSITELY PHASED):

Relative field strength - 9 = 21 Sin (a Sine)

Direction of Nulls 9 = sin-I (n x 1801
a

Direction of -1 (n x 190+ 901
Maximums 9 = Sin a

10. GLIDE SLOPE

190Null antenna height - ,
= u - 121.7°

IV hLamesReference antenna height h agosinos 121.7°

11. FIELD INTENSITY TO ANTENNA LOAD
VOLTAGE:

E F
r Mix .0324

where E = field intensity

Er = voltage at receiver input

g = antenna gain

2 4 9
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Radio Frequency Interferency Definitions
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;11:7nenT ntdiMeasurement a 3 0

I. Antenna gain

(absolute)

numerical
db

0. Spectrum density X db

or above

qtr or
db above

imw /mc

figure reprimand the rain of

the power radiated in a given area,

lion from the antenna to that of as

isotropic radiator radiating the ease

total power. We is the normal

Mantra of antenna gain in field

intensity equations.

A power mamma used to establish

the power available b e transmitted

digital which can be intercepted by

various bandwidth receivers. By

taking into secant the bandwidth

one can arrive et total received

power.

10. a. Signal to S/N Volts/voita Normal measure of receiver merit:
db

noise ratio 20 3 a signals N a internal)

log parroted noise.

8/1

b. Signal to WI Pone/yaw Normal measure of the degree of
de

interference 23 interference:

ratio log Sooting: 1 a interference.

NI

C. Interference 1/N Volts/vow Parameter for discerning the
de

to noise 20 degree of Interference.

retie log

1/N

11. RLOS

it ESP Watts

Radio Ufa of sight.

Effective power eta trenualttor

considering &Man% gain. line

losses. etc.
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MI.

IN DECIBELS

((in db above 1 my /m) Er

=10 log g + 20 log Fulls- WO

dbm IN A 50n LOAD:

Pdbm 20 log Er (nv) - 117

where Er (ge) voltage across the load in
microvolts

12. FIELD INTENSITY TO POWER
INTENSITY:

(dbabove 1 my /m)

= Pd (db above 1 mw/m2) + 116

where C(db above 1 my /m2) =field intensity
in db above one milliwatt per meter

Pd (db above 1 mw/m2)=powerdensity
in db above one milliwatt per meter

13.EFFECTIVE AREA TO GAIN IN
DECIBELS:

Ae(db) = G (db) - 20 log F + 38.6

where Ae(db) = effective area in db

G(db) = antenna gain in db

Ae can be measured in db because by defini-
tion it is a power ratio

P
(A =el)

e Pd

14. USEFUL CONVERSIONS AND FOR-
MULAS IN FIELD INTENSITY MEASURE-
MENT, INTERFERENCE TO NOISE RATIO:

a. If (MN) DB > 0
then SAN + I) db - UN) db

252

b. If (MN) db < 0
then (8 /N + I) db (8 /N) db

Theme equations state that if the db of a
given interfering signal to the inherent noise
level of a receiver is (a) greater than 0
then the resulting over-all signal to noise
plus interference ratio is approximately the
difference between the normal signal to
noise ratio in db and the interference to
noise ratio in db. In (2) if this ratio to leas
than 0 then it may be neglected.

15. PROPAGATION LOSS ALONG BLOB:

ERP

47T R2

where RLOS a radio line of sight
ERP 0 effective radiated power

R = distance from transmitter

COIL CALCULATIONS

1. SINGLE LAYER COILS

Single layer cylindrical coils, airwotmd
or on nonmetallic cores, may be designed'
through he use of Nagaoka's formula:

L a IgirdT)2/103.t

where L = inductance in microhenrys

d = diameter of coil in centimeters

.L= length of coil in centimeters

T a total number of turns

k = is a factor depending upon the
ratio d/1

These calculations are for tightly wound
coils, where the adjacenttuns touch mechan-
ically but are electrically insulated. If a
spaced winding is used, a correction factor
must be subtracted from the above. This
factor is:

A= Virdn (A + B).1-

where d = diameterof coil in centimeters
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n a number of turns per centimeter

2 a length in centimeters

A a diameter of bare wire /distance
between center of turns

B a total number of turns in coil

2. COIL NOMOGRAPH - A single layer
coil calculator nomograph is shown in Fie
ure 12. Examples of using the nomograph
are as follows:

a. Example Number 1:

Number of turns on coil a 100

Diameter of coil a 2 inches

Length of winding a co inches

diameter au,
length a 0.8 al 4.°

To find the inductance of the coil, proceed
as follows:

(1) Connect 100 on N to 2.5 on K, and
note the point where the line* crosses the
ands (3.8).

(2) Connect 3.9 on the suds to 2 on D.

(3) Read the inductance where this line
crosses L (600 microhenrys).

b. Example Number 2:

Diameter of coil a 2.5 inches

Length of winding a 3 inches

length 3
.4.m ..2,1a0.6

Inductance desired a 290 microhenrys.

To find the number of turns required, pro-
ceed as follows:

(1) Connect 290 on L to 2.5 on D, and
note the point where the line crosses the
axis (4.6).

400

100

300

ISO

3 - 10.000
= 4, 000

-3.000000

-.3 1.000 ..,......-
..... E--1.000

is
00 '''

.7.
-.3400 00

10
=g so

SS so :Ir
a so 4Fi a

X

4
30A E-7

=
=

30
c-0

1$

to
0
of-10

11

a 000
CR*

1,0
=4, I
=-0. 40.3
=0.3

1

SO+

4

3

-----

0. 4-.

0,

0.3

4
3

3

a

0. TS

Figure 12. Single Layer Coil Calculator
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(2) Connect 4.0 on the axis to OA on IC,

(3) Readthe number of turns where the
line crosses N (00 turns).

(4) From Figure 13 (Coil and Wire
Data), it can be seen that this coil could be
wound with No. 23 do ub le-cotton-covered
wire.

POWER, ENERGY, AND THERMAL UNITS

1. POWER IN ELECTRIC CIRCUITS- Power
Is the rate of energy transfer. Its unit is
the watt and may be expressed as:

E 2P a E x I, P a 12R, and P a 1

where E volts

I a amperes

P a watts

In practice, the kilowatt and the horsepower
are more convenient,

2. ELECTRIC ENERGY - Electric energy is
equal to power a time. The practical emit

' CAW
(Atia

(OR a & 111

of electrical energy is the kilowatt hour.
The joule is another,

watt-sec Elt

where watt-sec joule

t time in seconds

E volts

I amperes

kilowatt hour a 1900 x (69)2 joule or watts-sec

3. THERMAL UNITS

a. Gram-Calorie - The amount of heat
required to raise the temperature of one
gram of water 1° Centigrade is the gram-
calorie:

Centigrade interval
9/5 Fahrenheit intervals

Fahrenheit interval
5/9 Centigrade intervals

taunstatOP Tinian PiR 1.211CAR11101

=AIM I We I mpg I Dec
L

PUT PRI!
POU1712

1

PUT PiR
ORM

10 S. 4 4.2 6.1 21.42 1001
11 10.7 10.2 1.4 44.12 704
13 13.0 11.1 10.0 30.04 CIO. 4
12 12.5 13.2 13.0 St 60 446.7
14 15.0 14.2 12.4 10. 44 326.0
15 14.* 11.2 14.7 101.4 214.0
14 13.4 16.0 17.6 IS. 4 111.4 244.0
17 11.2 21. 2 10.4 111. 1 501.2 107.1
14 23.4 23.6 22.0 le. 8 203.4 152.5
12 24.4 26.4 24.4 21.6 214.1 124.2

30 20.4 26.4 37,0 22.3 323.4 04.3
21
23

33.1
27.0

33.7
26.1

34.4
34.1

10.0
30.0

407. 8
514. 3

70.1-1
63.41

33 41.2 40.6 37.4 31.6 640.4 41.12
34
23
n
27
n

44.2
11.7
10.0
44.4
73.7

42.2
60.4
56.0
41.1
St*

41.0
41.4
40.2
55.0
00. 3

21.6
30.0
45.*
40.0
40.3

017.7
103/
1300
1434
2027

31.08
30.00
24.80
60. 43
13.41

30 IL* 74.6 66.4 IL 2607 12.11

30 10.1 43.3 11.5 MS 3207 3.101
3 t 101.0 43.0 77.1 511. 3 4140 7.410
32 112 501 23.2 4L* 3327 0.00$
32 127 150 10.2 M.3 0401 4.212
$4
30

143
1$9

130
133

117.0
104

70.0
73.11

2110
1041*

2.033
3.040

30 175 143 111 77.0 53210 3.411
37 Hi 154 III IC 3 14110 1.412
30 224 144 114 03.4 310 tO 1.210
34 344 211 133 10.0 34400 1.302
40 243 144 340 64.7 22410 0.1634

Figure 13. Coil and Wire Data
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Temperature centigrade
a 5/0x (temperature Fahrenheit - 32)

Temperature Fahrenheit
a (9/5 x temperature centigrade) +32

where

One gram»calorie
it 4.2 watt - seconds or joules

calories ii g-L42 Pt

t = time in seconds

b. BTU - The relation between the elec-
trical energy in a circuit and the heat in
BTU:

li sy 0.05712 Rt

where H = heat or BTU

1= amperes

t = time in minutes

MAGNETIC LAWS

General

The magnetic law relating to the param-
eters of rnagnetomotive force is a counter-
part of Ohm's Law for electromotive forces.
If E = Ili in Ohi's Law, then F * OR in the
magnetic law, where electromotive force is
analogous to rnagnetomotive force, F; elec-
trical current is analogous to magnetic flux
0; and electrical resistance is analogous to
magnetic reluctance, R. The two laws are
related since an end is required to establish
the mini necessary to produce core flux.
Several systems are in use for defining
the magnetic parameters; however, the fol-
lowing definitions as to the irrational cgs
electromagnetic units, are compared in Fig-
ures 14 and 15 with similar units used in
other systems.
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Magnetomotive Force ,.

Magnetomotive force relates magnetic
potential to the product of ampere turns.
It Is force which produces lines of flux in
a magnetic material.

F. .4 IrNifIROE BAR a Kt

1 , waitN. and N ,,, -.
.41r ' Mi n

Magnetic Flux

Magnetic flux is equal to the total number
of magnetic lines of force. lts dimensions
are measured by lines or maxwells; 1 line =
1 maxwell. Flux in a magnetic circuit is
proportional to ampere turns and inversely
proportional to the reluctance of the magnetic
path.

'0 = 1 = HA = PHA

Flux Density

Flux density is measured in gauss and
refers to the total amount of flux distri-
buted over a given core area; 1 gauss = 1
maxwell/cm 2.

B- 1-J-11.A AR ABA

Magnetizing Force

Magnetizing force is often referred to
as field strength and magnetic intensity.
With units of oersteds, it is a measure of
the magnetic potential drop per unit core
length. When a MMF of 1 gilbert is dis-
tributed across 1 cm of core length, the
magnetic drop is 1 oersted.

F .41rNi B _BAR _L L
R =1"-7-=71=-7--pit

Permeability

Permeability measures ease with which
flux can pass through a magnetic material
with reference to air. If the number of lines

255
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of flux in an air-core coil were increased
by 5,000 when inserting a magnetic material
into it, the permeability of the material
would be 5,000. One oersted of magnetising
force will produce I gauss of flux density
when the permeability is I.

-
m ft 'dm " NA 'oer0steds

Reluctance

Reluctance is a measure of the opposi-
tion offered to lines of flux in the magnetic

(MOM DOIZ14101411 =nom talIPUL FOTIMULAI
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Figure 14. Magnetic Formulas and Symbols
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Figure 15. Magnetic Conversion Units
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path of a core. Its value is dependent upon
the physical dimensions and permeability
of the core. The electrical counterpart of
reluctance is resistance; however, reluct-
ance has an additional characteristic in that
it changes with permeability. Since per-
meability changes with flux density in most
magnetic materials (certain powder cores
bring exceptions), the inductance becomes
conversely

it. .13. F mute_
idt RIZ Ber BA" pg maxwells

till

Permeance

The permeance of a magnetic material
defines its ability to pass flux. Since per-
meance is the reciprocal of reluctance, any
of the reluctance formulas may be used to
find permeance by interchanging the denom-
inator with the numerator.

118

Reluctivity

This unit is the reciprocal ofpermeallity.
Any of the permeability formulas with the
denominator and numerator inverted may be
used to find reluctivity.

Tractive Force of Magnetics

To calculate the "pull" of a magnet on
a piece of steel, we use:

2
SI

10

where f le pull of magnetic, pounds

B = flux density in airgap, gausses

A = area of airgaps, square
centimeters

257

.247



MATHEMATICAL FORMULAS AND TABLES

ARITHMETIC

Mathematics is a valuable tool. This is
especially true of circuitry because the
evaluation of as electronic circuit is largely
a study of linear equations. An example is
the linear relation of Ohm's law:

is 111

1. REAL NUMBERS - The real number
system consists of zero; all whole numbers;
all rational numbers; which canbeexpressed
as whole numbers in fractional form; and all
irrational numbers, which cannot be
expressed as simple fractions.

2. POWERS OF TEN - Calculations often
consist of unwieldy numbers and decimal
fractions that can cause errors because
of a misplaced decimal point, an accidental
omission, or the addition of a cipher. By
using the powers of 10 or exponents, a large
number can be changed to another form which
is easier to handle. In the powers of 10
system, a whole or mizednumber is expressed
as the product of a factor (usually less than
10) and the appropriate positive power of 10.
To obtain the factor, move the decimal point
the required number of places to the left.
The value of the positive exponent of 10 is
equal to the number of places the decimal
point is moved. Thus, the number 300,000,000
can be written as 3 z 108. Similarly, a
decimal fraction is expressed as the product
of a factor and the appropriatenegativepower
of 10. In this case, the decimalpointia moved
the required number of places to the right
to obtain the factor, and the value of the
negativi exponent ta equal to the number of
places the decimal point is moved. Thus,
0.000,000,049 can be written as 4.9 z 10-8,
while 7,420,000,000 can be written as 7.42
108 (Figure 16).

a. EXAMPLES:

(1) 52,000 z 0.000000375 z 0.00004
165,000 a' 60 reduced to powers of tea:

5.2x 104 x 3.75 z x x 10-8 z 1.55 z
105x60

1.q0

10 *le

100.100

1000.100

10.000104

100.00.

1. 000400. 100

g ie0

0.1 10'1

0.01 .10'0

COM ir
11. 0001 10.4

0.0000s 110

0. Nom *W.

Figure 18. Exponents

In multiplication, add the exponents alge-
braically, thus:

3.75 x4x1.55x60x 5.2x 1e3 u 7,254 z 0.001

Answer: u 7.254

(2) 0.0000014 x 0.000007 x 3.1416 x
150,000 z 0.00014 reduced to powers of ten:

1.4 x 1r6 z 7 x 10-8 z 3.1416 x 1.5 z 108 z
1.4 x 10-4

Add the exponents algebraically, thus:

1.4 z 7 z 3.1416 z 1.5x 1.40 1011

Answer: u 0.0000000006484

8.484 z 10-10

64.84 x 10.11

ig 846.4 z 10-12

b. FIVE SIMPLE RULES FOR HANDLING
EXPONENTS:

(1) When multiplying numbers, add the
exponents.

(2) When dividing numbers, subtract the
exponents.

(3) When squaring a number, double its
exponent .

(4) When obtaining a square root, halve
the exponent.
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nu. square sq. toot reciprocal no, square op root reciprocal

1 1 1.0000 1.000000000 61 3,601 7.1414 .019607843
3 4 1,4142 .800000000 62 3,704 7,2111 .019230769
3 9 1.7331 .333333333 63 2.809 7,2801 .010867928
4 16 3.0000 .380000000 54 2,916 7.3486 .018518519
5 25 3.3361 .300000000 53 3,033 7.4163 .016181818

6 36 3.4493 .166666567 56 3.136 7,4833 .017857143
7 ' 49 2.6438 .14383 /143 87 3.349 7.5498 317543860
8 64 3.8384 .133000000 SI 3,364 7,6158 .017341379
9 81 3.0000 .111111111 89 3.481 7.6811 .016949183

10 100 3.1623 .100000000 60 3.600 7.7460 .016666667

11 131 3.3166 .090909091 61 '3.731 7,8103 .016393443
13 144 3.4641 .083333333 62 3.844 7.8740 .016129032
13 169 3.6056 .076923017 63 5,969 7.9373 .015873016
14 196 3.7417 .071428571 64 4.096 8.0000 .015623000
15 225 . 3.8730 .066666667 65 4,323 8.0623 .015334613

16 336 4.0000 .062500000 66 4,356 8.1240 .013131313
17 389 4.1231 .038833329 67 4.489 8.1854 .014925373
18 334 4.3426 .035535556 68 4,634 8.2462 .014705882
19 361 4.3589 .052631379 69 4,761 8.3066 .014492784
20 400 4.4721 .050000000 70 4,900 8.3666 .014285714

21 441 4.3826 .047619048 71 5,041 4.4161 .014084807
22 404 4.6904 .0434434 72 5.184 4.4033 .013888089
23 529 4.7958 .043478261 73 5.329 8.3440 .013690630
24 576 4.8990 .041666667 74 8,476 8.6023 .013513514 :
25 623 5.0000 .040000000 78 3,623 8.6603 .013333333

26 676 3.0990 .033461330 76 5.776 8.7178 .013137895
27 729 3,1962 .037037037 77 5,934 8.7750 .012907013
28 784 5.2915 .033714286 78 6,084 0.8318 .012820313
29 841 3.3852 .034482759 79 6,341 0.8882 .012658228
30 900 5.4773 .033333333 80 6,400 0.9443 .012500000

31 961 5,5678 .032258065 81 6,561 9.0000 .012345679
32 1.024 5.6569 .031250000 82 6,724 9.0534 .012198122
33 1.089 5.7446 .030303030 83 6,889 9.1104 .012048193
34 1.156 5.8310 .029411765 84 7.056 6.1652" .011904762
35 1.225 3.9161 .02837149 85 7,225 9.3193 .011764706

36 1.296 6.0000 .027777778 86 7.396 9.2736 .011627907
37 1.369 6.0820 .027027021 87 7.569 9.3274 .011494333
33 1.444 6.1644 .026313789 88 7.744 9.3803 .011363636
39 1.521 6.2450 .023641026 89 7.921 9.4340 .011235958
40 1.600 6.3346 .025000000 90 8.100 9.4060 .011114111

41 1.681 6.4031 .034390244 91 8.281 9.3394 .010989011
42 1.764 6.407 .023809324 92 8.464 9.5917 .010869563
43 1.849 6.5574 .023233414 93 8,649 9.6437 .010752608
44 1,936 6.6333 .022727273 94 8,836 9.6954 .0106311290
45 2,035 6.7082 .022222222 95 9.025 9.7468 .010526$f6

46 2,116 6.7323 .021739130 96 9416 9.7980 .010416667
47 2,349 6.8557 .021276596 97 9.409 9.8489 .010309278

648 2.304 6.9282 .020033333 94 9.604 9.8995 .010204082
*49 2,401 7.0000 .020408163 99 9.801 9.9499 .010101010
So 2,500 7.0711 .020000000 100 10,000 10.0000 .010000000

Figure 17. Table of Squares and Square Roots.
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Figure 17. Table of Squares and Square Roots (Contd)

no. square mg. rtiot. reciprocal no. square in. root reciprocal

101 10,201 10.0499 .009900990 131 22,001 12.2882 .006622517
102 10,404 10.0995 .009803922 152 23.104 12.3280 .006578947
103 10,609 10,1409 .0 go 703730 113 23,400 12.3693 .006535948
104 10,816 10.1980 .009615301 134 23,716 12.4097 .006493506
105 11.021 10,2470 .009523310 155 24,021 12.4499 .006451613

106 11.236 10.2956 .009433962 156 24,336 12.4900 .006410256
107 11,449 10.3441 .009345794 137 24.649 12.5300 .006369427
108 11.664 10.3923 .009239239 158 24,964 12.5698 .006329114
109 11.881 10.4403 .009174312 159 25.281 12.6095 .006239308
110 12.100 10.4881 .009090909 160 23.600 12.6491 .006230000

I I 1 12,321 10.5357 .009009009 161 25.921 12.6826 .006211180
112 12.544 10.3830 .008928571 162 26.244 12.7279 .006172840
113 12.769 10.6301 .003049588 163 26469 12.7671 .006134969
114 12,996 10.6771 .008771930 164 26.896 12.8062 .006097561
115 13.225 10.7238 .008695652 165 27,226 12.3432 .006060606

116 13,456 10.7703 .008620690 166 27.556 12.8841 .006024096
117 13,6119 10,8167 .008647009 167 27.889 12,9228 .005980024
118 13,924 10.8628 .008474576 160 28,224 12.9615 .005952301
119 14,161 10.9087 .008403361 169 28.361 13.0000 .005917160
120 14,400 10,9545 .000333333 170 28.900 13,0384 .065882333

121 14,641 11.0000 .008264463 171 29,241 13.0767 .005847953
122 14,884 11,0454 .008196721 172 29,534 13.1149 .005813933
123 15.129 11.0905 .008130081 173 29.929 13.1329 .005730347
124 15,376 11.1355 .008064516 174 30,276 13,1909 .005747126
125 15.625 11.1803 .008000000 175 30,625 13.2288 .005714286

126 15,876 11.2250 .007936508 176 30,976 13.2665 .003631310
127 16.129 11.2694 .007874016 177 31.329 13.3041 .005649718
128 16,384 11.3137 .007812500 178 31.684 13.3417 .005617978
129 16.641 11.3578 .007751938 179 32,041 13.3791 .005586392
130 16.900 11.4018 .007692308 ISO 32.400 13.4164 .005555556

131 17.161 11.4455 .007633588 181 32,761 13.4536 .005524862
132 17,424 11.4891 .007575758 182 33.124 13.4907 .005494505
133 17.689 11.5326 .007518797 183 33,419 13.3277 .005464401
134 17.956 11.5758 .007462687 184 33,856 13.5647 .005434783
135 18,225 11.6190 .007407407 185 34.225 15.6015 .005405405

136 18,496 11.6619 .007352941 186 34,596 13.6382 .005376344
137 18,769 11.7047 .007299270 187 34.969 13.6748 .005347394
138 19,044 11.7473 .007246377 188 35,344 13.7113 .003319149
139 19,321 1107898 .007194245 189 35,721 13.7477 .005291005
140 19.600 11.8322 .007142857 190 36,100 13.7840 .005263158

141 19.881 11.3743 .007092199 191 36,481 13.8203 .005233602
142 211,164 11.9164 .007042254 192 56,364 13.8364 .005208333
143 20.449 11.9383 .006993007 193 37449 13.8924 .005181347
144 20.736 12.0000 .006944444 194 37,636 13.9284 .005154639
145 21.025 12.0416 .006696652 195 38,025 13.9642 .005128205

146 21.316 12.0830 .006849315 196 311,416 14.0000 .005102041
147 21,609 12.1244 .006802721 197 38.809 14.0357 .005076142
141 21,904 12.1655 .006756737 198 39,204 14.0712 .005050503
149 22,201 12.2066 .006711409 199 39,601 14.1067 .003023126
160 22.500 12.2474 .006666667 200 40.000 14.1421 .005000000
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Figure 17, Table of Square. and Square Root. (Contd)

no. square sq. root reciprocal no. square sq. root reciprocal

201 40,401 14.1774 .004975124 231 43,001 11.1430 .003914064
202 40,804 14.2127 .004920495 232 63,504 11.1748 .003960254
203 41,109 14.2478 .004926101 253 64.009 11.9060 .003912569
204 41,616 14.2029 .004901961 254 64,116 11.9374 .003937008
203 42,021 14.3171 .004171049 251 65,025 11.9687 .003921569

206 42,436 14.3327 .004884369 236 61.136 16.0000 .003906230
207 42,149 14.3875 404130918 257 46,049 16.0312 .0031191051
200 43,264 14.4222 .004207692 2 SO 66,364 16.0624 .003875969
209 43,601 14.4561 .0047114689 259 67.081 16.0933 .003061004
210 44,100 14.4914 .004761905 260 67,600 16.1243 .003244154

211 44,321 14.5258 .004739336 261 61.121 16.1555 .003831418
212 44.944 14.5602 .004716981 262 61,644 16.1264 .003816794
213 43,369 144943 .004694836 263 69,169 16.2173 .003002281
214 45.796 14.6287 .004672197 264 69,696 16.2481 .003787879
215 46.225 14.6629 .004431163 265 70,225 16.2700 403773513

216 46.656 14.6969 .004629630 266 70,756 16.3095 .003759393
217 47,089 14.7309 .004608293 267 71.289 16.3401 .003745311
218 47.524 147448 .004587136 261 71.824 16.3707 .003731343
219 47.961 14.7986 .004566210 269 72,361 16.4012 .003717472
220 43,400 148324 .004545455 270 72.900 16.4317 .003703704

221 40.841 14.1661 .004524887 271 73.441 16.4621 .003690037
222 49.284 14.8997 .004504506 272 73,914 16.4924 .003676471
223 49,729 14.9332 .004484305 273 74,529 16.5227 .003663004
224 50.176 14.9666 0004464286 274 75.076 16.1529 .00364963$
225 50.425 15.0000 .004444444 275 75,625 16.5831 .003434364

226 51.076 15.0333 .004424119 276 74,176 16.6132 .003623188
227 51.329 15.0665 .004403216 277 76,729 14.6433 .003610100
223 51.984 15.0991 .004385963 278 77.284 16.6733 .003597122
229 52.441 15.1327 .004366812 279 77.141 16.7033 .003584229
230 52,900 15.1638 .004347826 280 71,400 16.7332 .003571429

231 53.361 1 5.1987 .004329404 211 78.961 16.7631 .003351719
232 53.824 15.2315 .00231034S 283 79.524 16.7929 .003.544099
233 34.289 15.2643 .004291845 213 80.089 16.8226 .003533569
234 ' 54.756 13.2971 .004273504 284 30.656 16.8523 .003521127
235 55.225 15.3297 .004255319 285 81.22$ 16.1119 .003501772

236 55,696 15.3623 .004237288 216 81.796 16.9113 .003496503
237 56.169 163942 .004219409 287 . 12,369 16.9411 .003414321
238 56,644 15.4272 .004201611 281 82,944 16.2706 .003472222
239 57.121 15.4596 .004114100 289 83.521 17.0000 .003460200
240 57.600 15.4919 .004166667 290 84.100 17.0294 .003448276

241 58.081 13.3242 .004149378 291 114.611 17.0587 .003436436
242 31.564 15.6563 .004132231 292 85.264 174180 .003424650
243 59.049 15.5883 .004115226 293 85.849 17.1172 .003412969
244 59,336 15.4205 .004098361 294 $6436 17.1464 .003401361
245 60.025 15.6525 .004081623 295 87.025 17.1756 .003389031

246 60.516 13.6844 .024065041 296 87.616 17.2047 .002378372
247 61.009 11.7162 .004041513 297 18.209 17.2337 .003367003
240 61.504 1674110 .004032258 291 82,804 17.2627 .003363705
249 62.001 15.7797 .004016064 299 89.401 17.2916 .003344422
250 62.500 15.8114 .004000000 300 90.000 17.3205 .003333333
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Figure 17. Table of Squares and Square Roots (Contd)

no, 'guars 4q. root reciprocal

301 90,601 17,3494 .003322259
302 91,204 17.3781 .003311238
303 91,809 17.4069 .003300330
304 92,416 17.4356 .003289474
303 93,023 17.4642 .0032786119

306 93,636 17.4929 .003267974
307 94,249 17.5214 .003237329
305 94,864 1743499 .003246753
309 95,451 17,5754 .003236246
310 96.100 17.6065 .003223806

311 96.731 17.6352 .003213434
312 97,344 1746635 .003205128
313 97.969 17.6918 .003194888
314 98.596 17,7200 .003184713
315 99,225 17.7402 .003174603

316 99,856 17.7764 .003164537
311 100.489 17.8045 .003164574
318 101.124 17.8326 .003144654
319 101,761 17.5606 .003134796
320 102,400 17.8085 .003125000

321 101041, 17.9165 .003115263
322 103.684 17.9444 .003105590
323 104.329 17.9722 .003095975
324 104,976 18.0000 .003086420
325 105,625 15.0275 .003076923

326 106,276 15.0555 .003067485
327 106,929 15.0831 .003058104
325 107,584 18.1108 .003048750
329 108.241 18.1384 .003039514
330 108,900 18.1659 .003030303

331 109,561 18.1934 .003021148
332 110,224 18.2209 .003012048
333 110.889 112483 .003003003
334 111,556 112757 .002994012
336 112.225 18.3030 .0029115035

336 112,896 18.3303 .002976190
337 113.569 18.3576 .002967359
335 114,244 15.3348 .002958580
339 114.921 18.4120 .002949553
340 113,600 18.4391 .002941176

341 116,251 15.4662 .002932551
342 116,964 18.4932 .002923977
343 117,649 15.5203 .002915452
344 118.336 18.5472 .002906977
345 119,025 18.5742 .002590551

346 119.716 18.6011 .002590173
347 120.409 18.6279 .002881844
340 121.104 18.6548 .002573563
349 121,801 18.6815 .002865330
330 122.500 18.7083 .002857143

80. ' 11q, root reviprocul

331 123,201 15.7330 .002849903
332 123,904 117617 .002840909
353 124.609 117083 .002032061
354 123,316 18.8149 .002824839
333 126.023 18.5414 .0021116901

336 126.736 118680 ,002800959
337 127,449 10.8944 .002501120
358 121164 15.9209 .002793296
359 125,881 15.9473 .002753312
360 129,600 18.9737 .002777775

361 130,321 19.0000 .003770653
362 131,044 19.0263 .002762431
363 131,769 19.0526 .002754521
364 132,496 19,0788 .002747253
363 133.223 19.1050 .002739726

366 133,956 19.1311 .002732240
367 134,689 19.1372 .002724796
368 135.424 19.1833 .002717391
369 136.161 19.2094 .002710027
370 136.900 19.2364 .002702703

371 137.641 19.2614 .002695415
372 135.384 19.2873 .002688112
373 139,229 19.3132 .002680965
374 139.576 19.3391 .002673797
373 140,625 19.3649 .002666667

376 141.376 19.3907 .002659514
377 142.129 19.4165 .002652520
378 142,504 19.4422 .002645503
379 143,641 19.4679 .002633522
350 144,400 19.4936 .002631579

381 145,161 19.5192 .002624672
352 143,924 19.5448 .002617801
353 146.689 19.5704 .002610966
354 147,436 19.5959 .002604167
355 140.225 19.6214 .002597403

386 148.996 19.6469 .002590674
387 149.769 19.6723 .002683979
385 150.544 19.6977 .002577320
389 151.321 19.1231 .002570694
390 152,100 19.7484 .002564103

391 152.881 19.7737 .002557345
392 153,664 19.7990 .002331020
393 154.449 19.8242 .002544329
394 165,236 19.8494 .002535071
395 156.025 19.5746 .002531646

396 156.516 19.8997 .002523233
397 157.609 19.9249 .002518892
395 158.404 19.9499 .002512363
399 159,201 19.9750 .002506266
400 160,000 20.6000 .002500000
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Figure 17. Table of Squares and Square Roots (Contd)

no. square sq. root reciprocal no. square sq. root reciprocal
omeN

401 160.801 20.0250 .002493766 451 203,401 21.2368 .002217295
402 161,604 20.0499 .002467362 452 204,304 21.2603 .002212389
403 162,409 20.0749 .002481390 453 203,209 21.2838 .002207506
404 163,216 20.0996 .002475248 454 206,116 21.3073 .002202643
405 164,023 20.1246 .002469136 435 207.025 21.3307 .002197822

406 164,1136 20.1494 .002463054 456 207.936 21.3342 .002192982
407 165,649 20.1742 .002457002 457 208,849 21,3776 .002188104
408 166.464 20.1990 .002450980 458 209.764 21.4009 .0021113406
409 167,261 20.2237 .002444988 459 210,681 21.4243 .002172649
410 168.100 20.2485 .002439024 460 211.600 21.4476 .002173913

411 168.921 20.2731 .002433090 461 212,521 21.4709 .002169197
412 169.744 20.2978 .002427184 462 213.444 21.4942 .002164502
413 170,569 20.3224 .002421308 463 214,369 21.5174 .002159827
414 171.396 20.3470 .002413439 464 215.296 21.5407 .002153172
415 172.225 20.3715 .002409639 465 216.225 21.5639 .002130330

416 173,056 20.1961 .002403846 466 217,156 21.5370 .002143923
417 173.889 20.4206 .002396082 467 218,089 21.6102 .002141328
410 174,724 20.4450 .002392344 468 219.024 21.6333 .002136752
419 175.561 20.4695 .002386635 469 219,961 21.6564 .002132196
420 176.400 20.4939 .002300952 470 220.900 21.6795 002127660

421 177.241 20.5183 .002375297 471 221,841 21.7025 .002123142
422 176.084 20.5426 .002369668 472 222,786 21.7256 .002118644
423 178.929 20.5670 .002364066 473 223.729 21,7486 .002114165
424 179,776 20.5913 .0023311491 474 224.676 21.7715 .002109705
425 160,625 20.6155 .002352941 475 225.625 21.7943 .002105263

426 161,476 20.6398 .002347418 476 226.376 21.8174 .002100840
427 132,329 20.6640 .002341920 477 227.529 21.0403 .002096436
428 183.184 20.6882 .0023364.49 478 228,484 21.8632 .002092050
449 184.041 20.7123 .002331002 479 229.441 21.8861 .002007683
430 184.900 20.7364 .002325581 480 230.40 21.9019 .002083333

431 185.761 20.7605 .002320186 481 231,361 :1.9317 .002079002

..0'ftN,

432 1116.624 20.7846 .002314815 482 232.324 21.9545 .002074689
433 187.489 20.88117 .002309469 483 233.289 21.9773 .002070393
434 188.356 20.8327 .002304147 484 234.256 22.0000 .002066116
435 169.225 20.8567 .002298831 483 235,225 22.0227 .002061856

436 190,096 20.8806 .002293578 486 236.1% 224434 .002057613
437 190,969 20.9045 .002288330 487 237,169 22,0611 .002053388
438 191.044 20.9264 .002283105 4118 238,144 22.0907 .002049180
439 192.721 20.9523 .002277904 489 239.121 22.1133 .002044990
440 193.600 20.9762 .00227272: 490 240.100 22.1359 .002040816

441 194.481 21.0000 .002267574 491 241.081 22.1305 .002036660
442 195,364 21.0238 .002262443 492 242,064 22.1611 .002032520
443 196.249 21.0476 .002257336 493 243,049 22.2036 .002028391
444 197,136 21.0713 .002252252 494 244.036 22.2261 .002024291
445 198.025 21.0950 .002247191 495 245.025 22.2406 .002020202

446 198,916 21.1187 .002242152 496 246.016 22.2711 .002016129
447 199.809 21.1424 .002237136 497 247,009 22.2933 .002012072
448 200.706 21.1660 .002232143 498 248.004 22.3139 .002008032
449 201.601 21.18% .002227171 499 249.001 22.3383 .002004008
430 202.500 21.2132 .002222222 SOO 250.000 22.3607 .002000000
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Figure 17. Table of Squares and Square Roots (Contd)

%..-.,
no. square oq. root toolpnwol no. square sq. toot fool:mood

501 231,001 22.5130 .001996008 551 803,601 23.4734 .001814082
502 252.004 22.4054 .001992032 552 504.704 23.4947 .001811594
503 253,069 22.4277 .001908072 553 305,109 23.5160 .001008518
504 254,016 22.4499 .001984127 554 306,916 23.1372 .001805054
SOS 235,025 22.4722 .001980198 555 308425 23.5584 .001501102

506 256,036 22.4944 .001976285 556 309.136 23.5797 .001198561
507 257,049 22.5167 .001972387 557 310.249 23.6008 .001795332
500 258,064 22.5389 001968504 558 311.364 23.6220 .001792111
509 239,081 22.5610 .001964637 559 312.481 23.6132 .001708909
510 260,100 22.5832 .001960784 560 313,600 23.6643 .001715714

511 261,121 22.6053 .001956947 561 3140721 23.6854 .001782531
512 262,144 22.6274 .001953125 562 315,844 25.7065 .001179359
315 263,169 22.6495 4001949318 563 316.969 2347276 .001776199
514 264,196 22.6716 .001945525 564 318.096 23.7487 .001773050
515 265,225 22.6936 .001941748 565 319.225 23.7697 .001769912

516 266,256 22.7156 .0019579114 566 320.356 25.7900 .001766784
517 267,289 22.7376 .001934236 567 321.489 23.1111 .001763668
511 268,324 22.7596 .001930502 568 322.624 23.1325 .001760563
519 269.361 22.7816 .001926782 569 523.761 23.8537 4001757469
520 270.400 22.8035 .001923077 570 324,900 23.8747 .001754386

521 211.441 22.8254 .001919386 571 326.041 23.8956 .001751313
522 272.484 2248473 .001915709 572 327.184 23.9165 .001748252
523 273.529 22.8692 .001912046 573 328.329 23.9374 .001745201
524 274.576 22.8910 .001908397 574 23.9583 .001742160
525 275,625 22.9129 4001904762 N09:46156 23.9792 .001739130

I 526 276.676 22.9347 4001901141 576 331.176 24.0000 .001736111
527 277.729 22.9565 .001897533 577 332.929 24.0208 .001733102
528 278,784 22.9783 4001093939 578 534.084 24.0416 .001730104
529 279.841 23.0000 .001890359 579 335.241 24.0624 .001727116
530 280,900 23.0217 .0010116792 510 336.400 24.0832 .001724131

N.- 531
S32

281.961
283.024

23.0434
23.0651

.001883239

.001179699
501
512

337.561
338.724

24.1039
24.1247

.001721170
4001718213

533 284.089 23.0868 .001876173 583 339.019 24.1454 .001715266
534 285,156 23.1084 .001872659 584 341.056 24.1661 .001712329
S35 286.225 23.1301 .001869159 585 342.225 24.1161 .001709402

536 287.296 23.1517 .001865672 586 343.396 24.2074 .001706485
537 288.369 23.1733 4001862197 587 344.569 24.2281 .001703578
538 289,444 23.1940 .001058736 5811 345,744 24.2487 .001700680
539 290.521 23.2164 .001855281 589 346.921 24.2693 .001697793
540 291.600 23.2379 4001851852 590 348.100 24.2899 .001694915

541 292,681 23.2594 .001848429 591 349.281 24.3105 .001692047
542 293.764 23.2809 .001545018 592 350.464 24.3311 .001689189
543 294.849 23.3024 .001841621 351,649 24.3516 .001686341
544 295.936 23.3238 .001838235

:34
21 .001683502

545 297.025 23.3452 .001834862 595 354.025 24.3926 .0016110672

546 298.116 23.3666 .001831502 596 355.216 24.4131 .001677852
547 299.209 23.31180 .001021154 597 356.409 24.4336 .001675042
548 300.304 23.4094 .001824818 598 357.604 24.4540 .001672241
549 301.401 23.4307 .001821494 599 358.801 24.4745 .001669449
550 302.500 23.4321 .001818182 600 360,000 24.4949 .001666667

.
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Figure 17. Table of Squares and Square Roots (Contd)
no. image aq. root reciprocal no. equate eq. root reciprocal

601 361,201 24.6133 .001663894 661 423,001 25,6147 .001536098
602 362,404 24.5357 .001661130 652 425,104 13.5343 .001533742
603 363.609 24,5661 4001658375 633 426,409 25.5539 ,001631394
604 364,816 24.5764 .001655629 664 427,716 25,5734 .001529052
605 366.023 24.5967 .001652893 655 429,025 13.5930 .001526715

606 367,236 24.6171 .001600165 656 430,336 26.6126 .001324390
607 3611449 24.6374 .001647446 657 431,649 26.6320 .001522070
60 369,664 24.6577 .001644737 650 432.964 25.6515 .001519757
609 370,881 24.6779 .001642036 669 434.281 26.6710 .001517431
610 373.100 24.6982 .001639344 660 435,604 25.6905 .001615162

611 373,321 24.7184 .001636661 661 436,921 25.7099 .001512859
612 374,344 14.7386 .001633987 662 438,244 25.7294 .001510574
613 575.769 24.7308 .001631521 663 439.569 25.7488 .001508296
614 376,996 24.7790 .001628664 664 440.896 26.7602 .001506024
615 378.225 24.7992 .001626016 665 442.225 25.7876 .001603769

616 379,456 24.8195 .001623577 666 443.556 251070 .001501502
617 380,689 24.8395 .001620746 667 444.089 25.8263 .001499250
615 381.924 24.8596 .001618123 668 446,224 25.8457 .001497006
619 383,161 24.8797 .001615509 669 447.561 25.8650 .001494760
620 304,400 24.8998 .001612903 670 448.900 25.11844 .001492537

621 385,641 24.9199 .001610306 671 450.241 25.9037 .001490313
622 386,8114 24.9399 .001607717 672 461,584 25.9230 .001488095
623 388,129 24.9600 .001605136 673 452.929 25.9423 .001485884
624 389,376 24.9000 .001602564 674 464.276 25.9616 .001403480
625 390,625 25.0000 .001600000 675 456,626 25.90011 .001481481

626 591.876 25.0200 .001597444 676 456,976 26.0000 .001479290
627 393.129 25.0400 .001594896 677 468.329 26.0192 .001471105
628 394.384 25.0599 .001592367 678 459.684 26.03114 .001474926
629 395,641 25.0799 .001589825 679 461,041 26.0576 .001472754
630 396.900 26.0998 .001687502 680 462,400 26.0768 .001470588

631 398,161 26.1197 .001584786 681 463.761 26.0960 .001468429
632 399.424 26.1396 .001582278 682 465.124 26.1161 .001466276
633 400.689 25.1696 .001579179 683 466,489 26.1343 .001464129
634 401.966 23.1794 .001671287 604 467,866 26.1634 .001461988
635 443,226 26.1992 .001574803 685 469,225 26.1725 .001459854

636 404.496 23.2190 .001572327 606 470.596 26.1916 .001451126
637 405,769 23.23119 .001569859 687 471,969 26.2107 .001455604
638 407,044 25.2587 .001567598 688 473,344 26.2298 .001433488
639 408,321 23.2184 .001664943 609 474,721 26.2488 .001451379
640 409,600 23.2982 .001562500 690 476,100 26.2679 .001449276

641 410.081 25.3180 .001560062 691 477.481 26.2869 .001447175
642 412,164 25.3377 .001657632 692 478,864 26.3059 .001445007
643 413.449 25.3574 .001653210 693 480,249 26.3249 .001443001
644 414,736 23,3212 .001552795 694 481.636 26.3439 .001440922
645 416,025 23.3969 .001550388 695 483.026 26.3629 .001438849

446 417.516 23.465 .001547988 696 484.416 263818 .001436782
647 418,609 25.4341 .001545595 697 486.809 26.4000 .001434720
648 419.904 33.4560 .001543210 698 487.204 26.4197 .001432665
649 421.201 25.4755 .001540852 699 488.601 -.0.4386 .001430616
650 422.500 35.4951 .001638462 700 490.000 26.4315 .001428571
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Figure 17, Table of Square. and Square Roots (Contd)

... mu square sq. root reciprocalig
701 491,401 26.4764 .001426334
702 492,064 26.4953 .001424501
703 494,209 26.5141 .001422475
704 495,616 26.5330 .001420455
705 497,025 26.5518 .001418440

706 495.436 26,5707 .001416431
707 499,1149 245895 .001414427
708 301,264 26.6083 .001412429
709 502,681 26.6271 .001410437
710 204.100 26.6450 .001408451

711 505.521 26.6646 .001406470
712 2116,944 26.6833 .001404494
713 508,369 26.7021 .001402525
714 509.796 26.7208 .001400560
712 S 11,225 26.7395 .001390601

716 512.656 26.7502 .001396648
717 514.089 26.7769 .001394700
718 515.524 26.7955 .001392755
719 516.961 26.8142 .001390821
720 515.400 26.8328 .001388809

721 519,841 26.8514 .005386963
722 521,234 26.8701 .001385042
723 522.729 26.0887 .001383126
724 524,176 26.9072 .001381215
725 525,625 26.9288 .001379310

726 527.076 26.9444 .001377410
727 528.529 26.9629 .001375316
728 529,984 26.9815 .001373626
729 231.441 27.0000 .001371742
730 532,900 27,0185 .001369863

........ 731 534,361 r 0370 .001367989
732 533.024 32.0555 .001366120
733 237.289 27.0740 .001364256
734 538.756 27.0924 .0013623911
735 540,225 27.1109 .001360544

736 541,696 27,1293 .001350696
737 543.169 21.1477 .001356852
738 244,644 27.1662 .001355014
739 546.121 27.1846 .001323146
740 547,600 27.2029 .001351351

741 549,081 27.2213 .001349528
742 550.564 27.2397 .001347709
743 552.049 27.2580 .001345896
744 553.536 21,2764 .001344086
745 655.025 27.2947 .001342282

746 556.516 27.3130 .001340483
747 558,009 27.3313 .001338688
748 559.504 27.3496 .001336898
749 561.001 27.3679 .001335113
750 562,500 27.3861 .001333333

I

,'
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no, mow NI, tool reelprocialIINIMMI.
751 564.001 27.4044 .001331558
782 565,504 27.4226 .001329787
753 567,009 27.4408 .001320021
754 568,516 27.4591 .001326260
755 570,023 27.4773 .001324503

756 571,536 37.4922 .001322731
757 573.049 27.5136 .001321004
758 574,564 27.5310 .001319261
759 576.001 27,5500 .001317523
760 577.600 27.5681, .001315789

761 579,121 27.3062 .001314060
762 580.644 27.6043 .001312336
763 12.169 27.6223 .001310616
764 13,696 27.6405 .001308901
765 585.225 27.6586 .001307190

766 586,736 27.6767 .001305483
767 588.289 27.6948 .001303781
768 589,824 27.7120 .001302083
769 591.361 27.7308 .001300390
770 592.900 27,7489 .001298701

771 594,441 27.7669 .001297017
772 595.984 27.7849 .001295337
773 597.529 27.8029 .001293661
774 599.076 27.8209 .001291990
775 600,622 27.8380 .041290323

776 602,1 :6 27.8268 .001288660
777 603,729 27.5747 .001287001
778 605,284 27.8927 .001285347
779 606.841 27,9106 .001203697
780 608,400 27.9285 .001282051

781 609.961 27.9464 .001280410
782 611.524 27.9643 .001278772
783 613.089 27.9821 .001277139
784 614,656 28.0000 .001275510
785 616,225 28.0179 .001273885

786 617,796 28.0257 .001272265
787 619,369 28.0335 .001270648
788 620,944 28.0713 .001269036
789 622,521 28.0891 .001267427
190 624.100 28.1069 .001265023

791 625.681 28.1247 .001264223
792 627.264 28.1425 .001262626
793 628.849 241603 .001261034
794 630.436 28.1780 .001259446
79S 632,025 28.1957 .001257862

796 633.616 28.2133 .001256281
797 635.209 28.2312 .001254705
798 636.504 28.2489 .001253133
799 638,401 28.2666 .001251564
800 640.000 20.21113 .001350000
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Figure 17, Table of Squares and Square Roots (Contd) '.

. square sq. root reciprOcal

101 641.601 28.3019 .001248439
102 643,204 28.3196 .001246883
303 644,809 28.3373 .001242330
304 646,416 28.3549 .001243781
$05 648,025 213722 .001242236

806 649.636 21.3901 .001240695
107 651.249 28.4077 .001239157
808 652.864 28.4253 .001237624
809 654.481 211.4429 .001236094
810 656,100 211.4605 .001234568

811 657,721 214701 .001233044
812 659.344 28,4956 .001231527
813 660,969 28.5132 .001230012
814 662.596 28.5307 .001220501
815 664.225 28.548t .001226994

816 665.836 28.5657 .0012254911
817 667,489 28.5832 .001223990
818 669,124 28.6007 .001222494
319 670.761 28.6182 .001221001
520 672.400 28.6356 .001219512

821 674,041 21.6531 .001210027
822 675.634 28.6705 .001216545
823 677.329 28.6880 .001215067
624 671,976 28.7054 .001213592
828 680.625 21.7228 .001212121

us 682.276 21.7402 .001210654
827 613.929 28.7576 .001209190
821 615.284 24.7750 .001207729
829 687.241 28.7924 .001206273
830 688,900 20.8097 .001204119

831 690.561 28.8271 .001203369
132 692.224 28.8444 .001201923
833 693,889 28.8617 .001200480
834 695,556 28.8791 .001199041
835 697,225 28.8964 .001197605

836 48,896 28.9137 .001196172
137 700.569 24.9310 .001194743
838 702,244 28.9482 .001193317
839 703.921 28.9655 .001191895
840 705.600 28.9628 .001190476

841 707,281 29.0000 .001189061
842 708,964 21.0172 .001187648
843 710.649 ' 29.0345 .001186240
844 712,336 29.0517 .001184834
845 714,025 29.0689 .001183432

846 715.716 29.0861 .001182033
847 717.409 29.1033 .001100638
SO 719.104 29.1204 .001179242
849 720.801 29.1376 .001177856
850 722.500 29.1548 .001176471
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so. square sq. root reciprocal

651 724401 29.1719 .001175006
652 723,904 29.1890 .001173709
853 727,609 29.2062 .001172333
864 729.316 29.2235 .001170960
855 731,025 29.2404 .001169591

856 732,736 29.2576 .001166224
857 734,449 29.2746 .001166161
858 736,164 29.2916 .001165501
859 737,881 29.3087 .001164144
860 739.600 29.3258 .001162791

061 741,321 29.3428 .001161440
862 743,044 29.2598 .001160093
863 744,769 29.3769 .001126749
164 744,496 29.3939 .001157407
865 744,225 29.4109 .001156069

866 749,956 29.4279 .001154734
867 751,649 29.4449 .001153403
068 753,424 29.4618 .001152474
869 755.161 29.4788 .001150748
870 756,900 294958 .001149425

1171 158,641 29.5127 .001148106
872 760,384 29.5296 .001146789
873 762.129 29.5466 .001145473
874 763.876 29.5635 .001144165
875 765,625 29.5804 .001142657

876 767.576 29.5973 .001141553
877 769,129 29.6142 .001140251
8711 770,884 29.6311 .001134952
879 772.641 29.6479 .001137656
SOO 774,400 29.6648 .001136364

861 776.161 29.6816 .001135074
882 777.924 29.6985 .001133787
883 779.689 29.7151 .001132502
884 781.456 29.7321 .001131222
185 783.225 29.7489 .001129944

806 784,996 29.7658 .001128668
887 706.769 29.7825 .001127396
888 788,544 29.7991 .001126126
589 7911.321 29.8161 .001124859
890 792.100 29.8329 .001123596

891 703.881 29.8496 .001122334
892 795,664 29.8664 .001121076
893 797,449 29.11131 .001119821
894 799,236 29.8998 .001118568
895 801.025 29.9166 .001117311

896 802,816 29.9333 .001116071
897 804.609 29.9500 .001114827
898 1106.404 29.9666 .001112586
899 806,201 29.9833 .001112347
900 810.000 30.0000 .001111111
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Figure 17. Table of Squares and Square Roots (Contd)

no. square sq. root reciprocal

901 811.101 30.0167 .001109171
902 113,604 360333 .001101647
903 115,409 30.0500 401107420
904 117,216 30.0666 .001106195
905 319,025 304032 .001104972

906 520,836 30.0995 401103753
907 822,649 30.1164 .001102536
908 514,464 30.1330 .001101322
909 126.211 30.14% .001100110
910 321,100 30.1662 .001095901

911 129,921 30.1323 401097695
912 531,744 30.1993 .001096491
913 833.569 30.2159 .001095290
914 135,396 30.2324 .001094092
915 537,225 30.2490 .001092896

916 839,056 30.2655 .001091703
917 640,889 30.2820 .001090513
911 842,724 30.2955 .001009325
919 844,561 30.3150 .001083139
920 844,400 30.3311 .001086957

921 843,241 30.3480 .001005776
922 850,084 30.3645 .001084599
923 351,929 30.3809 .001083424
924 853,776 30.3974 .001082251
925 055.625 30.4138 .001081081

926 557,476 30.4302 .001079914
927 159.329 30.4467 .001078749
921 361,184 30.4631 .001077586
929 863,041 30.4795 .001076426
930 864,900 30.4959 .001075269

931 866.761 30,5 123 .001074114
932 368,624 30.5287 .001072961
933 870.489 30,5450 .001071311
934 172,356 30.5614 .001070664
935 874425 304778 .001069519

936 876.096 30.5941 .001068376
937 377,969 30.6105 401067236
938 879,844 30.6268 .001066098
939 881,721 30.6431 .001064963
940 883,600 30.6594 .001063830

941 885.481 30.6757 .001062699
942 887.364 30.6920 .001061571
943 889,249 30.7083 .001060445
944 591,136 30.7246 .001059322
945 093.025 30.7409 .001058201

946 894.916 30.7571 .001057082
947 896,804 30.7734 .001055966
943 898.704 30.7896 .001054852
949 900.601 30.3063 .001053741
950 902.500 30.8221 .001052632

no. square sq. root reciprocal

911 904,401 30.11333 .001051525
952 906,304 30.8145 .001050420
953 901,209 30.5707 .001049311
934 910.116 301869 401046211
935 912,025 30,9031 .001047120

956 913.936 30.9192 .001046025
957 915,849 30.9354 401044932
951 917,764 30,9516 .001043841
959 919,601 30.9677 .001042763
960 921,600 304139 .001041667

961 923,521 31.0000 .001040585
962 925,444 31.0161 401039501
963 927.369 31.0322 .001030422
964 929,296 31.0453 .001037346
963 931,225 31.0644 .001036269

966 933.156 31.0805 .001035197
967 935,089 31.0966 .001034126
968 937,024 31.1127 .00103300e
969 938,961 31.1288 401031992
970 940.900 31,1448 .001030921

971 942,841 31.1609 .001029166
972 944.784 31.1769 .001028807
973 946,729 31.1929 .001027749
974 940,676 31,2090 .001026694
975 950,625 31.2250 .001025641

976 952,576 31.2410 .001024590
977 954,529 31.2570 .001023541
978 956,434 31.2730 .001022495
979 958,441 31.2390 .001021450
980 960,400 31.3050 .001020461

981 962,361 31.3209 .001019363
982 964.324 31.3369 .001015330
983 966.289 31.3523 .001017294
984 961,256 31.5655 .001016260
985 970,225 31.3147 .001015228

986 972,196 31.4006 .001014199
987 974.169 31.4166 .001013171
9811 976.144 31.4325 .001012146
989 978.121 31.4414 .001011122
990 980,100 31.4643 .001010101

991 982,081 31.4802 .001009082
992 984.064 31.4960 .001008065
993 986,049 31.5119 .001007049
994 988,056 31.5278 401006036
995 990.025 31.1436 .001005025

996 992,016 31.5595 .001004016
997 994.009 31.5753 .001003009
998 996,004 31.5911 .001002004
999 998,001 31.6010 .001001001

1000 1,000.000 31.6228 .001000000
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(5) When transferring a term with an
exponent from the numerator to the denomina-
tor, or vice versa, change the sign of the
exponent (or multiply the exponent by -1).

4. CALCULATION OF SQUARE ROOT - In
calculating, or extracting, the square root
of a number without a slide rule ore square-
root table, separate operations are performed
in a certain order. The method of finding
the square root can best be explained by
following each step of an actual sample.

a. STEP ONE - Suppose the squire root
of the whole number 31,505,769 is to be
extracted. Beginning at the decimal point,
moving to the left and ignoring the commas,
divided the number into periods of two digits
each:

31 50 57 69

Now find the largest single number of which
the square is less than 31 (the first period).
This is 5, since the square of 6 is greater
than 31. Write the number 5 to the right
of the number (as in long division) and also
on the left:

5 "\/- 31 50 57 69 5

The square of this first digit, 52 is 25, hi
written under the first period, 31, and
subtracted from it, leaving a remainder of
6. The second period of the number is
annexed to the remainder, giving 650 as the
first dividend.

5 \131 50 57 69 5a
6 50

b. STEP TWO - The first digit of the root
(5) is nowmultiplied by 20, giving a product
of 100, which is called the first trial divisor.
Divide, the first dividend, 650, by 100 and
the quotient of 6 is obtained. This is prob-
ably the second digit of the root. Write 6
in the root and also add to the first trial
divisor, 100, giving a sum of 106, which is
called the first complete divisor. .

130

5 .\50 57 69 56
25

6 50

c. STEP THREE - Multiply the first com-
plete divisior, 106, by 6, the second digit
of the root, obtaining the product of 636.
Subtract this from the first dividend, 650,
leaving a remainder of 14. Annexing the
third period, 67, to this remainder leaves
1457 as the second dividend:

565 -V 31
25

106) 6
6

50

50
36

57

57

69

14

The two digits of the root, 56, are now
multiplied by 20, giving 1120, which is
the second trial divisor. Divide 1120 into
the second dividend, 1457, which results
in 1, which is the third digit of the root.
Add 1 to the second trial divisor, 1120,
giving 1121, as the second complete divi-
sor. Multiply this divisor by the third digit
of the root, 1, and subtract the product,
1121, from 1457, leaving a remainder of
336. Annex the. fourth period, 69, to this
remainder, 336, giving 33,669 as the third
dividend.

5 ,fW-515.7719 561

IL

106) 6 50

1121) 14 57

11_11

3 36 69

d. STEP FOUR - The three digits of the
root, 561, are now multiplied by 20 giving
a product of 11,220, which is the third
trial divisor. Dividing 33,669 by the third
trial divisor results in a quotient of 3,
which is .thejourth digit of the root. Adding
3 to 11,221VOldta in 11,223, the third
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complete divisor. Multiply 11,223 by 3, obtain-
ing 33,669, which is subtracted fromthe third
dividend, 33,660, leaving no remainder. Thia
leaves the square rool of 31,505,760 to be
5,613.

6 60
6 30

14 57

1

3 36 69
,3 36 69

LOGARITHMS

o. The logarithm of the power of a number
is equal to the logarithm of the number
multiplied by the exponent of the number:

log aig x log a

5613 3. COMMON OR BRIGGS' SYSTEM OF LOG-
ARITHMS - Many systems of logarithms are
possible, since any number may be used as
a base. However, the moat common system
in use is the Briggs' System, which employs
10 as the base. In this system, the logarithms
of the integral powers of 10 are positive
or negative whole numbers, as may be seen
from the following lists:

1. DEFINITION - The logarithm of aquantity
is the exponent of the power to which a given
number, called the base, must be raised in
order to equal the quantity. This exponential
character of a logarithm is clearly shown in
the following two examples:

a. 104 10,000
4 log of ipt000 to the base 10

b. ax =b
x at log of b loo the base a

2. PROPERTIES - Since a logarithm is an
exponent, the properties of logarithms reflect
the properties of exponents, as shown by the
following theorems:

a. The logarithm of the product of two
numbers is equal to the sum of the logarithms
of the two numbers:

log(a x pi log a + log b

b. The logarithm of the quotient of two
numbers is equal to the logarithm of the
numerator minus the logarithm of the
denominator:

log i= log a - log b

POWERS OF TEN
LOGARITHMIC

NOTATION

l03 1000 log 1000 3

102 = 100 log 100!2

101 10 log 10 3, 1

100 a 1

10
1.0.1

102 = 0.01

l0 a Mai

log 1 a 0

log 0.1 -1

log 0.01 -2

log 0.001 -3

The logarithm of a number which is not an
integral power of 10 consists of a whole
number plus a decimal; e.g., consider the
logarithm of 465:

Since 102 < 465 < 103

Then 2 < log 465< 3

Or log 465 = 2 4. (a decimal)

The integral part of a logarithm is called
the characteristic, and the decimal part is
called the mantissa.

4. DETERMINING THE LOGARITHM
OF A NUMBER:

a. DETERMINING THE CHARACTERIS-
TIC - There are two rules for determining
the characteristic of a logarithm:

270
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(1) If the given number is greater than
one, its characteristic is one less than the
number of digits to the left of the decimal
point; e.g.,

132

6,3 has characteristic 0

63 has characteristic 1

630 has characteristic 2

6300 has characteristic 3

(2) If the given number is jags than one,
Its characteristic is negative, Audis one more
than the number of zeros to the right of
the decimal; e.g.,

0.81 has characteristic -1
(written as 9 10)

0.0813 has characteristic -2
(written as 8. 10)

0.0082 has characteristic -3
(written as 7 - 10)

0,000802 has characteristic -4
(written as 6 10)
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NR241311C RieSPROCAL

APPROX SIORX
ACCURATILY

APPROX MAR
ACCURAIRLY

3.1416 3.141 503 0.310 3 0.316 309

MIIM
9

2 4.2833 4413 166 8.160 21 0.169 164

3 9.4246 9.424 776 0.184 1 0.184 103

4 12.644 12.646371 0.0794 0.076 627 4

S ..16.708 15.707 063 0.8437 0.843 662

/2 1.5700 1.570794 0.8386 0.034 420

/3 $.0472 1.047 160 0.9649 0.064 930

/4 0.7864 0.786 394 1.2/3 1.223 23

8/4 0.5230 0.62$ 666 1.910 1.901,66

a2 9.0800 0.000 904 0.1013 ...0.101 321

(2142 39.4764 39.426414 0.0233 0.026 330 3

31.0042 21.006 217 0.0322 0.032 262

,fr 1.2224 1.222464 0.6442 0.644 190

173. 1.2433 1.28$ SI 0.7979 0.707 867

,367
1.4444 1.404 392 .1110 .m.. m. 0.6811 ,..... MR. 1 Mm. MO 0.681 764

10(10 0.4971 0.497140 2.011 2.011 46

10(10 v2 0.1661 0.166 120 0.089 6.090 92

19sto 0.0043 0.904300 1.006 1.006 73

1861.047 0.2448 0.246176 4.02.1 4.022 93

Edrank. .111. .......... 2.710 2.716 252 ......._-.. 0.3679 .... ...- 0. 307 875

(2 1.380 7.368062 0.1353 0.136 245

1.440 1.844721 0.6066 0.684 531

1.'10( 0.4343 0.434294 2.6026 2.302 566

Vz 1.414 1.4142 0.7071 0.707 113 S

1.732 1.7321 0.577 244 2

2.336 2.2361 0.4472 0.447 206

w 1.*10 1.2690 0.7936 0.704 873

1.442 1.4422 0.8933 0.493 383

1.507 1.3874 0.4300 0.429 040

1.710 1.7100 0.544 79

Figure 19. Numerical Values for Various Constants
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I

N 0 1 2 3 4 5 0 7 6 0

10 0000000 0043214 0085002 0126372 0170333 0211603 0253030 0203839 0334238 0374266
11 0413927 0463230 0402100 0530764 0500040 0805076 0544680 0581859 0718820 0755470
12 0791612 0827854 0863698 0990051 0034217 0969100 1003706 1031037 1072100 1106607
13 1130434 1172713 1205730 1238516 1271048 1303331 1336399 1367206 1308701. 1430148
14 1461200 1402191. 1522883 1153310 1583025 1613680 1643620 1673173 1702617 1731663

15 1750013 1760789 1118436 1646014 1676207 1003317 1031246 1058097 1085571 2013071
16 2041200 2086259 2095160 2121876 2148436 3174639 2201061 2227165 2353093 2276867
17 2304489 2339961 2355264 2350481 2405492 2430380 2455127 2479733 2504200 2526630
16 2552725 2576766 2600714 2624511 2648178 2671717 3095129 2718418 2741578 2764618
10 2767536 2610334 2333012 2655573 2878017 2000348 2022581 2944662 2956852 2966531

20 30 10300 3031981 3053514 3074950 3006302 3117539 3138572 3150703 3360033 3201463
21 3222193 3242625 3263359 3283796 3304138 3324365 3324538 3364507 3304565 3404441
22 3424227 3443923 3483530 3463049 3502460 3521625 3541084 3560259 3579348 3599355
23 3017278 3636120 3654680 3073559 3692159 3710670 3729120 3747483 3705770 3783979
24 3802112 3820170 3836154 3866063 3873896 36911161 3909351 3926970 3944517 3991993

25 3079400 3996732 4014005 4031205 4048337 4005402 4082400 4090331 4116197 4132908
20 4149733 4166405 4103013 4199557 4216039 4232459 4248616 4265113 4261348 4297523
27 4313639 4329593 4345669 4361626 4377506 4393327 4409091 4424706 4440448 4456042
28 4471580 4467063 4502491 4517864 4533163 4546449 4583660 4579619 4503925 4808978
29 4623900 4638930 4653829 4668678 4663473 4698220 4712917 4727564 4742163 4756712

30 4771213 4785665 4600069 4614426 4626736 4842998 4837214 4871364 4915507 4699595
31 4913617 4927804 4941646 4055443 4969296 4963106 49951171 5010593 5024271 5037907
32 5051500 5065050 5076550 5002025 5105450 5118634 5132176 5145476 5159738 6171050
33 5185130 5198260 5211361 5224442 5237465 5230448 5263303 5276299 5289167 5301997
34 5314769 5327544 5340291 5352941 5365594 5378191 5390761 5403205 5415792 5426254

35 5440590 5453071 5465427 5477747 5490033 5502284 5514000 5526662 5538830 5505944
39 5563025 5575072 55117086 5599066 5611014 5622920 5034811 564966i 5658478 5670264
37 5682017 5983739 5705429 5717088 5720719 5740313 5751678 5783414 5774019 5786392
39 5707636 5009250 5020634 5931986 5043312 5854007 .5865673 5877110 5686317 5809496
39 5910646 5021768 5032861 5943926 5954962 5965971 5976952 5967005 5998831 6009729

40 9020800 6031444 3042261 6053050 6063914 6074550 8085260 6095944 6108602 8117233
41 6127839 6138416 8148972 8159501 6170003 6180461 8190933 6201391 8211763 6222140
42 6232493 9242021 6253125 8283404 8273659 9283689 8294006 8304279 6314438 8324573
43 6334683 6344773 6354837 6384670 9374897 8384893 8394885 8404814 8414741 8424845
44 0434527 6444306 6454223 6484037 6473630 6463600 6493349 8503075 8512760 6522463

45 8532125 6541785 8551384 6580992 8570559 6580114 6500849 6599182 8508855 6818127
48 6827578 6637089 6648420 9655810 6686180 9874530 6663850 8693189 6702450 5711726
47 6720079 8730200 6739420 6746911 9757763 6766036 8770070 6785164 6794270 6803355
48 6812412 6821451 6830470 6830471 6848454 61157417 68363413 6675290 6884106 61103069
431 6901961 6910615 6919651 6029460 8937289 6946052 6954817 6083364 6972293 8991005

50 8989700 6998377 7007037 7015650 7024305 7032914 7041505 7050080 7056837 7067178
51 7075702 7084209 7002700 7101174 7109631 7118072 7126497 7134905 7143296 7151674
52 7160033 7168377 7176705 7165017 7193313 7201503 7200657 7218106 7226339 7234557
53 7242750 7250045 7259116 7267272 7275413 7283539 7291646 7299743 7307823 7315668
54 7323938 7331973 7339903 7347008 7355989 7383985 7371926 7379873 7387806 7395723

a
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2. 4 I
Figure 20. Common Logarithms of Numbers (Contd)

N
-

0 1 3 3 4 0 8 7

.

8 0

SS 7403137 7411111 7418381 7437311 743500 7442030 7450748 741881 3 7448343 7474110'-
01 7401980 7489429 7497303 7508084 7513701 7130404 7531114 7525031 7043403 7581133
57 7331740 7110311 7573010 7081148 7880110 7500170 7804331 7811788 7819378 7838788
SS 7834310 7841701 7840330 7888188 7104130 7871119 7878071 7884381 7803773 7701183
10 7708530 7710878 7733317 7730847 7737104 7748170 7712443 7710743 7717013 7774380

60 7711113 7181745 7798948 7003173 7810380 7817884 7834710 7131117 7830038 7141173
41 7863398 7880413 70t/114 7874401 7101444 7888761 7901007 7003113 7049801 7918808
13 7033017 7930011 7931004 7944180 7981840 7908800 7085743 7072071 7070111 7888908
83 7903405 0000394 0007171 0014037 0020103 0037737 0034871 8091394 8048307 8010009
14 0081000 0048500 8075310 8083110 0088859 0001197 110332$ 0106043 1111700 1133447

65 1120134 0135810 0142471 8140133 8118777 1102413 1110031 8178184 0183290 8188884

48 0101430 8302018 1301110 1311131 8331881 8208218 8334743 8341258 0347781 8254301
07 0380741 8307335 8373493 1310151 8384109 0393638 1200417 8308887 0313397 8318808
18 0328009 8331471 0337444 8344307 9300811 8300001 8383341 1309817 9375884 1313113
10 8380401 1314700 8401081 8407333 8413508 8410841 1438003 8433338 8436,84 8444773

70 0490000 8407180 1443371 8400813 8475737 8481891 1410047 8414194 8900333 8804443
71 8512583 8511100 8134800 8530891 8038983 8143080 1149130 0110193 801344 8887388
73 1573320 8079383 8011373 8501313 8807311 8803300 9009388 8018344 1131314 8837371
73 $133339 0039174 8841111 8811040 8881001 8013873 0881778 8074478 8800184 0488444
74 8093317 0488113 8704030 8709880 1715720 8731883 1737311 8733301 8730011 8744818

75 8710813 8711390 0783178 8717080 8773713 8779470 8785318 0790919 #788893 1103411
76 8069138 8813847 8819150 8838348 8830934 8834814 1443388 8047954 8853013 8859303
77 9884907 1870144 8870173 8881798 1887410 8093017 8800017 8004310 8000798 1910371
70 8930044 8034110 8033068 8937818 8043181 8048097 8004331 1111747 spans 0070770
70 9974371 0081711 8017383 8003733 8098301 9003871 9000131 001958# 9010629 9035440

go 0030900 9038325 0041744 0047181 9082500 9007909 0063350 0048735 0074114 0070488
SI 9084800 9000209 9000480 0100008 9108344 1111171 9110003 0132231 1137533 9133131
13 Hoolso 9143433 0140710 9113990 0119373 8144638 0100000 9175015 9100303 0115545
sg 9180781 9104010 9301233 9200450 0311811 8318841 9222083 0227251 8233440 9237030
84 0343703 9347900 9353131 0308378 9303434 0280587 937370 4 92/8834 8303009 0310077

OS 8264140 9209208 9304381 9300490 0314370 9310081 0374738 9339808 0334873 0330933
88 9344085 9350033 9355073 9340100 9381137 9076181 9371171 0300191 0385197 0390108

17 goolso 0400183 0401118 9410143 0415114 0420001 9435041 9430094 9434045 0430000
so 0444017 0440750 0454000 0440407 0464533 0449433 0474337 9479230 0404130 0400011

19 0403900 9490777 9503840 9544511 9513370 9518330 0133010 9527034 0533143 0537897

90 0143431 9047344 9052045 0558878 9501004 9188481 9571383 0878073 0510858 9101430

91 0190414 0505144 0800940 9404708 9409443 9114211 0111055 0823093 0038427 9433115

93 0837870 9642008 0847300 9653017 9188720 1611417 9081110 9870797 $871400 9480117

93 9404830 9488407 0094150 0890811 9703449 8708111 9713710 $717308 8732028 9734058
94 1731370 $735100 9740509 1740117 9749720 0784318 9750911 9713500 9788013 0773813

95 8777338 9781805 0780380 9790929 0795484 0600034 0004570 0000110 1113855 9818180

96 9033713 0027234 9031751 0831 203 9040770 0945373 9840771 1gs4245 9058734 961333$

07 0867717 9173103 8878043 9881128 9085000 0800040 1894498 1190044 0963309 0967037
98 0813201 0910100 9931110 0025130 0929951 0934383 9938780 0143173 0047500 0981003

08 0918303 9900737 0915117 0940403 9073884 0070331 10083503 000soso 0111301 000101$
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b. DETERMINING TEX MANTISSA-Deter-
mining the mantissa requires the use of a
table of logarithms. A table which gives the
mantissa of seven significant figures for any
three-digit number is contained in Figure 20,
pages 139 and 140. The first two digits of
the number are found in the left-hand column
under N, and the third digit is found in the
horizontal row of figures across the top
of the table; e.g., to find the mantises for
195, look under N for 19, and proceed MIi»
sontaHy across the table to column 5, which
coasting the desired mantissa.. Thus the
mantissa for 195 is 0.2900346, and the
complete logarithm is 2.2900346 (character-
istic is 3 minus 1).

c. GENERAL RULES Numbers with the
same sequence of digits always have the same
mantissa, but the characteristics may be
different depending on the position of the
decimal point. A mantissa is always a Posi-
tive quantity. A negative characteristic is
written in terms of the proper positive
number minus 10; e.g.;

log 36.3 a 1.5567068

log 0.0362 it 8.5587066 - 10

log 0.00362 7.5567066 - 10

5. USE OF TABLE The table may be used
for two purposes:

a. TO FIND THE LOGARITHM OF AMEN
NUMBER Ulustrated above.

b. TO FIND THE NUMBER, GIVEN THE
LOGARITHM - The number is called the
antilogarithm; e.g., the antilogarithm of
8.7109631 - 10 is found as follows: Locate
the mantissa 0.7109631 in Figure 20. Find
the number which corresponds to it, and
place the decimal point in accordance with
the second rule for determining character-
istics. Thus the desired antilogarithm is:

anttlog 8.7109631 - 10 0.0514
(characteristic is -2)

6. INTERPOLATION - To find the =Masa
of a number having tour or more digits

138

requires the use of a process called inter-
polation. This process makes it pbasible to
estimate the desired value froni the two
closest values that are given in the table.
Interpolation is based on the asumption that
for a small change in the number, there will
be a corresponding small but proportional
change in the mantissa. The principles of
interpolation are explained in the following
examples:

a. EXAMPLE 1 Find the logarithm of
34.66:

Solution: First, write the characteristic 1.
Since 34.66 lies between 34.60 and 34.70,
the desired mantissa must lie between the
medians for these 2 numbers. The mantissa
is estimated as follows:

Mantissa for 3460 0.5390761
Mantissa for 3470 gi 0.54

Difference 0.0012534

Difference between 34'60 and 3470

Difference between 3460 and 3468

10

6

Hence, 8/10 of 0.0012534, or 0.00100272,
must be added to 0.5390761. Therefore,
the logarithm of 34.68 is 1.5400768. NOTE:
All =Ness us are kept to seven decimal
places. E the eighth digit of the amount
added is less than 0.5, the eighth digit is
simply dropped. U it is 0.5 or greater, V.*
seventh digit le increased by 1.

b. EXAMPLE 2 Find the antilogarithm
of 8.9968345 - 10.

Solution: Since this mantissa is not given
in the table, the two closest values and
their corresponding numbers are written
with the given mantissa, as follows:

0.0003228
0.0004375 0.9968345 x 1

0.9969492 993

The amount to be added to 992 le called X.
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ily proportion fo (10.1er15 or

X *an4375 x 1 730

Hance, the digits of the antilogarithm are
992738. Therefore, antilo6 8.9988345 10.
0.992738.

7. COLOGARITHMS - The cologarithni of a
number is the logarithm of the reciprocal
of the number.

1colog N a log -
N

log 1 .. log N

As an example, the cologarithni of 18.6
may be found as follows:

log 1 a 10.0000000 -10
subtract log 18.6 ti 1.2895129

colog 18.6 - 8.7304871 -10

Cologarithms may be used for computation
in cases such as the following:

log 8-ir log 294- log 6.3 log 294 + colog 8.3

8. NATURAL SYSTEM OF LOGARITHMS -
All that has been said of the common system
of logarithms holds true for any system of
logarithms. In the natural system of log-
arithms, the number 2.71828 is used as a
base. This is commonly referred to as
epsilon ( E ). It is only necessary to remem-
ber that the natural logarithm of a number
is 2.3028 times the common logarithm of
that same number. Tables of natural loga-
rithms have been included. The common
logarithm of a number is 0.4343 times the
natural logarithm of that same number.
Natural logarithms can be used for precise
computation of exponential curves, and are
often used in time- constant circuit
calculations.

ALGEBRA

1. ARAL AND IMAGR4ART QUANTITIES -
Real and imaginary quantities can be graphi-
cally represented by four positions of a emit
vector, as shown in Figure 21. Positive

27R

2.46

1 al

Figure 21. Positions of a Unit Vector

real numbers are plotted to the right of the
origin, and negative real numbers to the left
along the horizontal axis, which is knotu
as the AXIS OF REAL& Imaginstries which
have POSITIVE signs are platted above the
origin and NEGATIVE imaginary quantities
BELOW the origin along the vertical axis
which is known as the axis of imaginaries.

2. COMPLEX NUMBERS- A complex number
is the sum of difference of a real quantity
and an imaginary quantity; e.g., 5 -jb and
3 +j2 are complex numbers. The term com-
plex number is really imappropriate because
the system is not complex at au. Rectangular
notation is a better designation. It is not
difficult to apply the fundamental process
to this special notation, for two or more
complex numbers can be combined by combin-
ing the real portions and imaginary portions
separately; e.g.:

a. ADDITION:

b. SUBTRACTION:

(2) 6 - j4
lzma .

1 - j7

(1) 5 + J3 (2) 8 - J4-s-3
3 + J5 11 - J
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Natural Logarithms

.00 .01 .02 .02 .04 .06 .08 .07 .08 .00

1.0 0.0000 0.0100 0,0190 0.0298 0.0392 0.0406 0,0502 0.0677 0,0770 0.0862
1.1 .0952 1044 .1122 .1222 1310 1396 .1404 1670 .1665 1740
I.7 .1822 .1006 .1909 . 2070 . 2151 . 2231 .2311 2390 2489 .3545
I, 3 2624 .2700 .2778 2152 . 2027 .3001 ,3076 3141 3221 32113
1.4 2246 . 2426 . 2507 ,3577 . 2141 ,3716 3764 3663 .3920 .3960
1.5 .4055 .4121 .4107 .4252 .4216 .4303 .4447 .4511 .4574 .4137
1.8 .4700 .4762 .4024 .4168 .4947 5006 .9061 .5125 . 5114 5247
I, 7 5308 5366 6422 . 5481 8539 5698 .5853 5710 .5706 .5833

5076 5922 .5908 .8042 .0016 6152 .0106 6259 8313 .11388
1.0 .6419 .6471 . 6523 .1575 .6527 .6670 6729 .8780 .8831 .1411
2.0 0921 .119111 .7021 .7080 .7129 .7170 . 7227 . 7275 .7324 .7372
2.1 7419 . 7457 . 7514 .7501 .7108 , 7655 .7701 .7747 .7793 .7639
2.2 . 7855 7920 . 7975 .8020 .1065 .6109 .0154 .1198 .6242 , .8416
2. 2 .8329 .1272 .6416 .8459 .8502 .8544 .8167 .9020 .8671 .8713
2.4 .0755 .8791 .8828 .8879 .8920 .6961 .9002 .9042 000 .9123
2.5 .0162 .9203 .0242 .9282 .9233 081 9400 .11439 .9478 .0517
2.6 .9555 .0504 .9622 .9670 .9709 .9740 .9763 .9821 .9836 .2195
2.7 . 9033 ,9069 1.0008 1.0043 1.0080 1.0111 1.0152 1.0186 1.0225 1,0140
2.4 1.0298 1.0222 1.0287 1.0402 1.0438 1.0473 1.0506 1.0643 1.0578 1.0613
2.9 1.0647 1.0612 1.0716 1.0710 1.0704 1.0611 1,0852 1.0868 1.0919 1.0053
3.0 1.086 1,1019 1.1053 1.1086 1.1119 1.1151 1.1164 1.1217 1. 1249 1.1282
3.1 1.1314 1.1246 1.1276 1.1410 1.1442 1.1474 1.1308 1.1537 1.109 1.1000
3.2 1.1632 1.1003 1.1894 1.1725 1.1754 1.1787 1.1817 1.1641 1.1870 1,1009
3.3
2.4

1.1959
1.3338

1.1069
1.3387

1.2000
1.3399

1.2030
1.2328

1.2380
1.2365

1.2090
1.1

1.2119
1. 2413

1.2149
1.2442

1.2179
1.2470

1.3301
1.2499

2, 5 1.2528 1. 2561 1.2566 1.2112 1.2641 1.2681 1.2691 1.2726 1.2754 1.2762
3.8 1.2600 1.1037 1.2105 1,2892 1.1970 1.2947 1.1075 1.3002 1.3039 1.3050
3, 7 1.3053 1.3110 1.3137 1. 2164 I. 2191 1.3318 1.3244 1.3271 1.3207 1.3324
2.9 1.2250 1.3370 1.3403 1.3439 1. 2455 1.3481 1.3507 1.3533 1.3558 1.3584
3.9 1.5810 1.3635 1.3661 1.3686 1.3712 1.3727 1.3782 1.3786 1.1813 1.3838
4.0 1.3165 1.2666 1.3913 1.3931 1.3942 1.3067 1.4012 1.4046 1.4061 1.4045
4.1 1.4110 1.4124 1.4159 1.4112 1.4207 1.4231 1.4255 1.4275 1.4303 1.4327
4.2 1.4251 1.4375 1.4296 1.4433 1.4448 1.4469 1.4493 1.4510 1.4540 1.4543
4.2 1.4588 1.4009 1.4633 1.4086 1.409 1.4702 1.4725 1.4741 1.4770 1.470,1
4.4 1.4818 1.4839 1.4181 1.4484 1.4907 1.4920 1.4961 1.4974 1.4988 1.5010
4.5 1.5041 1.5062 1.5085 1.5107 1.5135 1.5151 1.5173 1.5195 1.5217 1.5239
4.8 1.5281 1.5382 1.5304 1.5336 1.5347 1.5309 1.6300 1.5412 1.5433 1.5454
4.7 1.5478 1.5497 1.5516 1.5539 1.5560 1.5581 1.5802 1.5623 1.5644 1.5665
4.0 1.5689 1.5707 1.5711 1.5748 5769 1.5790 1.5810 1.5831 1.5551 1.5673 0"N
4.9 1.5092 1.51113 1.5922 1.5953 1.5074 1.5994 1.6014 1.8034 1.6054 1.1074
5.0 1.6094 1.0114 1.0124 1.0154 1.6174 1.6194 1.6214 1.820 1.6253 1.0273
5. 1 1.6292 1.0312 1.8332 1.8351 1.6371 1.6300 1.1409 1.6429 1.6448 1.6467
5.2 1.6417 1.8506 1.6525 1.6544 1.6563 1.6582 1.6001 1.660 1.030 1.6158
5.3 1.6477 1.608 1.6715 1.6754 1.8752 1.6771 1.6790 1.001 1.6827 1.4845
5.4 1.6864 1.8882 1.8001 1.6919 1.5936 1.6956 1.6074 1.6993 1.7011 1.7019
5.5 1.7047 1.7064 1.7084 1.7102 1.7120 1.7130 1.7158 1.7174 1.7192 1.7210
5.1 1.7328 1.7741 1.7243 1.7211 1.7200 1.7317 1.7334 1.7352 1.7370 1.7317
5.7 1.7405 1.7422 1.7440 1.7457 1.7471 !.7492 1.7509 1.7327 1.7544 1.7511
5.6 1.7579 1.7596 1.7813 1.7630 1.7647 1.7064 1.7681 1.7698 1.7716 1.7733
5.9 1.7750 1.7751 1.7712 1.7800 1.7817 1.7043 1.7651 1.7887 1.7864 1.7001
8.0 1.7910 1.7924 1.7951 1.7967 1.7984 1.8001 1.5017 1.8034 1.6050 1.9068
6. 1 1.002 1.8099 1.8118 1.5132 1.8146 1.8165 1.8181 1.8197 1.8213 1.8221
6.2 1.0245 1.1282 1.8278 1.0294 1.8210 1.028 1.0242 1.9336 1.1374 1.6310
8. 3 1.1405 1.8421 1.0437 1.5453 1.6469 1.6485 1.6500 1.6518 1.9532 1.8547
6.4 1.8543 1.6579 1.0594 1.1810 1.6825 1.0641 1.0854 1.8872 1.0617 1.8702
6.5 1.6718 1.6722 1.6749 1.11764 1.11179 1.6795 1.8810 1.8825 1.8840 1.0154
0.8 1.6671 1.8866 1.8001 1.1918 1.0931 1.0946 1.0961 1.8978 1.0991 1.9000
0.7 1.0021 1.0028 1.9051 1.0066 1.901 1.9095 1.9110 1.9125 1.9140 1.9155
1.5 1.9189 1.9184 1.0199 1.9213 1.9221 1.9242 1.9257 1.9272 1.9208 1.0301
11. 1. 9215 1.0330 1.0344 1.9250 1.9272 1.0387 1.0402 1.9418 1.9430 1.9445

138

277



Natural Logarithms (Continued)

AO .01 .02 03 .04 .00 .oe .07 .0 oe

7.0 1.9460 1.0473 1.0130 1.0501 1.9010 1.0530 1.0544 8 . 0660 149673 149687
7.1 1.9801 1.0010 1. 0510 1.0043 1.007 1. 0011 1.004 1.0000 1.0713 1.0727
7.1 1.0741 1.070 1.070 1. 0783 1.9700 1.010 1. 034 1.039 1.9151 1.990
7.3 1.0879 1.0893 1.0909 1.0030 1.9933 1.0047 149901 1.0074 109018 240001
7.4 2.0018 2.0028 2.0042 2.0009 2.000 2.00112 3.0008 2.0100 240122 2.0130
740 2.0149 2.0102 240170 3.018e 240202 240216 2.0220 3.0242 2.0206 Loan
7.0 3.0381 3.0190 3.0308 2.0321 2.0334 3.0347 3.0380 2.0373 3.0380 240300
7.7 2.0410 3.0430 210436 3.0441 2.0404 2.0177 3.0480 1.0003 2.0010 3.0130
7.8 3.0641 2.0064 3.0007 3.0080 3.003 3.0005 2.0018 24031 2.0643 2.0666
7.9 3.0840 240001 3.0094 3.0707 2.0710 2.0732 3.0744 3.0757 3.0740 3.0781
0.0 3.0794 2.007 2.0010 3.0833 2.0044 240607 3.000 2.0002 3.0594 3.0995
1.1 3.0019 2.0931 3.0043 2.0966 3.0e0e 3.0990 2.0002 1.1000 3.1017 3.1039
9.3 2.1041 3.1064 3.1096 3.1078 3.1090 2.1102 3.1114 3.1136 3.1130 3.1160
0.. 3.1103 3.1175 2.1187 3.1199 3.1311 3.1323 3.1330 3.1347 3.1338 ' 2. 1210
8.4 3.1383 3.1394 1.1300 3.1318 3.1330 3.1343 2. 1353 3.1301 3.1377 3.1319
0.0 2.1401 3.1413 3.1434 3.1430 2.1446 3.140 3.1471 3.1483 3.1404 3.1600
1.0 3.1510 3.1010 3.1841 2.1512 3.1604 2.1070 3.1597 3.1599 3.1010 3.1033
8.7 3.1833 3.1640 101054 3.140 2.1079 3.1091 3.1703 2. 1713 2. 1721 3.1736
0.8 3.1748 241149 1.1770 3.1711 1.1703 3.1604 3.1515 3.1827 1.1836 2.1840
0.9 1.1801 2.1872 1.1183 2.1104 2.1905 2.1017 1.1938 1.1035 1.1950 1.1961
L 0 3.1973 3.1093 3.1994 1.3006 1.3011 1.1018 1.3030 1.3060 1.3001 1.1071
0.1 3.3003 1.3095 1.1100 1.1110 1.3137 3.1131 3.1145 3.1160 1.1170 1.1181
9.1 1.1101 1.3303 1.1114 1.1115 2.2230 1.1145 1.1117 3.1108 3.1170 1.3180
0.3 1.3300 1.3311 1.1313 3.3331 1.1343 3.1354 2.2384 24370 3.1386 2.2306
0.4 1.1407 1.1418 1.3438 1.1430 24460 1.1400 3.3471 3.3411 3.1401 1.1501
0.5 1.1513 3.1513 2.2534 1.3544 3.1555 1.3665 1.1575 1.1580 1.3597 1.3107
0.0 1.3010 3.1018 2.2538 1.1840 1.1159 1.3670 1.1690 1.1090 L awl 3.1711
0.7 2.2721 1.3731 1.2141 3.3701 1.3701 1.1773 1.1783 3.3793 3.3803 1.3814
0.8 1.3434 1.1834 1.1844 1.1854 1.1835 3.3875 1.3605 1.3805 1.3905 1.1910
8.0 1.1935 3.1035 1.1945 1.3955 1.3968 3.3975 3.3900 3.3006 1.3004 3.3016

10.0 1.3010

139

278



Exponential iunatione

X "UNCTION 0.06 0.01 0.02 0.03 0.04 0,08 0.06 0.47 0.06 0.00

8.0

0.1

0.2

0.5

0.4

0'5

0.6

0.7

0.0

0.0

1.0

1.1

1.3

13
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Ex
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0'1
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E*1

El
E1
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col

E1
E'll

Ex
ell

1.0000

1.0900

1.1862

0.044

1.2214

8.1107

1.2400

8.7400

1.4818

4.0702

101467

0.4086

1.6221

0.5486

2.6138
0,006

2.1336
0.4403

3.4694
0.400

2.7163

4.26711

3.0042
0.3320

5.3161
0.3012

3.4493
4.025

4.0612
0.2466

4.4411
0.2231

4.9530
0.2019

5.4730
0.1821

6.0406
0,1003

6.0649
0.140

1.0101

0.6600

1.1163

0.8064

1.307
0.6106

14614
0.7314

1.8068

0.4637

1.6662

0.8006

1.4404
8.6444

0.0246
0.016

3.2479
0.4446

3.4443
0.4023

2.1468

0.3642

3.0344
6.004

2.3639

0.2943

3.7062
0.160

4.0140
0.2441

4.5267

0.2200

0.0025
0.109

5.6206
0.100

8.1104clot
6.7531
0.1481

1.0202

0.6062

1.1276

0460

1.2441

0.0010

1.3171

0.1261

1.5210

0.6576

1.9424

0.042

MEM
0.6379

1.0844

8.4866

2.2106
4.4404

2.5001
0.046

2.7722

0.3808

5.9640
0.3342

2.3872

0.200

3.7434
9.201

4.1371
0.2417

4.5125

0.1101

6.0131
0.1919

6.5045
0.1701

4.1710
0.1430

6.9210
0.1466

1.0206

0.0704

1,1260

6.0761

1.2554

0.7046

1.016
9.710

1.6312

0.8606

1.040
0.8488

1.1170
0.5319

2.0761
6.4810

3.2023
0.4360

2.3345
11.309

2.4411

0.3670

3.01167
0.3230

3.4212

0.023

3.7610
0.2643

9.170
0.2301

4.6162

0.2166

S.1039
0.1051

5.8401

0.1773

6.2339
0.106

4.6105
0.1451

1.0406

0.0108

1.1602

8.0464

1.2712

0.7669

1.4040

8.7116

1.8627

0.9440

1.71410

4.8827

1.806
4.5113

2.000
0.4171

14144
0.4317

2.5900
0.2906

2.4202

0.3531

1.1246
0.3108

2.4868

0.004

3.8190
4.2019

4. 3207
0.83119

4.6444
0.2144

8.1352
0.1040

5.0973

0.1765

9.2946
0.150

6.9503
0.1437

1.0613

0.9612

1.1616

0.940

1.2640
6.7/00

1.4111

0.7047

1.8842
0,0370

1.1123
0.6189

1.0166

0.6220

2.1170
4.4/24

2.3394
0.404

2.3467
0.360

2.4671

0.3010

3.1243
0.3194

1.00
0.29411

3.6674
0.1592

4.3631
0.2340

4.7115
0.2122

1.2070
0.1920

5.1548

0.1116

6.306
0.1572

7.0207
0.1423

1.0616
8.6418

1.1126

8.6621

1.040
0.7711

1.032
0.077

1.6841

0.0313

1.1601
8.5112

1.6246

0.6160

2.1112
0.4477

8.3632
0.4232

3.6117
0.3620

2.0064

0.3406

3.1190
0.3130

1.6254
0.2637

3.041
0.207

4.3090
0.2322

4.1564
0.2101

5.203
0.101

5.9129
0.1720

8.4237

0.1557

7.4991
0.1409

1.0726
0.6324

1.1662

0.8427

1.1100
6.7834

1.4477

4.6047

1.8000

0.2280

1.703
8.84165

1.0642

0.6117

2.1504
0.4100

2.3110
0.410

2.4376
0.3701

2.9164

0.3430

3.2220
0.3104

3.5401
0.2060

3.9364
0.250

4.3402
0.220

4.0006

6.2082

5.5122
0.1662

5.5709

0.1703

6.6883

0.1541

7.170
0.1395

1.8502

0.9231

1.1972

0.6263

1.3331
6.1666

1.4822

0.0438

1.0101

0.6128

1,1040

8.5502

1.9138

0.5064

2,1915
0.4649

2.0100
0.4144

2.4048
0.27 53

2.0441

0.3304

3.2644
0.303

3.50e0

0.2010

3.9749
4.23111

4.3029
0.2216

4,5660

0.2060

1.3654
0.1644

5.0296
0.1869

8.5.50

0.1524

1.2427
0.1391

1.0042

0.6136

1.8092

0.6278

1.3364

8.7443

1.4770

6.8711

1.8322

0.6129

1.4040

0.6642

1.0026

0.5011

2.1034
CEng

2.4351
0.4101

2.013
0.3714

2.0742
0.3302

3.2311
0.3042

3.0316
0.2153

4.010
oaot

4.4371
0.2239

4.0031
6.1930

5.00S
0.1645

5.9895

0.1670

0.0194

0.1511

7.3155
0.1367
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270
Ibilgmential Functions (Continued)

v i
x rtscreem 0.00 0.01 0.01 0.03 0.04 0.08 0.06 0.01 0.06 0.00

.

1.0 4 X
11-sx

7.3411

0.1313
7.4033
4.1140

7.6313

0.112?

7.0141

0.1313

7.1001

0.1300

1.7070

0,1207

7.4460
0.1176

7.9148

0.12112

4.0045

0,1240
0.0640

0.1337

4 X 6.16611 0.9464 6.3411 6.4141 9.4064 11.6640 6.4711 6,1603 0.6401 0.0362
1.1 4'X 0.1136 0.1811 0.1260 0.1186 0.1177 0.1146 0.1153 0,1143 0.1130 0.1111

4 X 0.060 0,1161 6.363 0.2000 9.3033 0.467 0.0631 9,4104 0.7761 1.1140
2.1 4'X 0,1106 0.1007 0.1066 0.1076 0.1066 0.1064 0.1044 0,1033 0.1023 0.1013

4 x 0.0741 10,014 10.178 10.270 10.361 10.408 10.601 14.07 10.081 10.011
2.1 ex 0.1003 0.0008 0.0053 0.0073 0.0015 0.0014 0.4084 0.0036 0.0126 0.0016

4 X 11.023 11.134 11,240 11.886 11.071 11.666 11.781 11.122 11.941 12.061
2.4 4'X 04000 0.0010 0.0080 0.0010 0.0671 0.0061 0.0064 0.0046 0.0037 0,0020

4 X 13.102 13.300 12.430 12.1184 12.460 12.407 12.936 13.066 11.191 13.330
1.6 4'X 0.8631 0.0013 0.0000 04997 0.076$ 0.0701 0.0173 0.0746 0.0710 0.0750

4 X 13,444 13.109 13.736 13.074 14.013 14.164 14.220 14.440 14.106 14.732
8.8 4-x 4.4e67 6.0131 0.0120 0.0721 0.0714 0.0707 0.0199 0.0483 0.0001 0.0410

e x 14.0N 14.020 14.100 16.333 19.407 11.1143 15.000 11.950 16.119 11.841
3.7

4 ' x 0.0871 0.0641 0.0680 0.0612 0.0040 0.0639 8.0633 6.0887 0.0820 0.0414

4 X 14,448 84.410 14.717 16.046 17.110 17.266 17.402 17.817 17.014 17.9811.6
4-X 0.0004 0.0602 0.0696 0.0606 6.0664 0.0510 0,0373 0.8307 6.0561 6.0546

1 x 16.174 10.357 16.141 11.726 11.014 10.106 10.200 19.402 14.800 10.044
1.0 4..x 04680 0.01145 0.0030 0.0134 0.0620 0.0523 0. 0510 0.0113 0.0808 0.0803

4 x 10.066 20.267 20.61 20.697 20.901 21.115 01.226 21.543 21.750 21.477
3.0 COI 04404 0.0418 0.0460 0.0483 0.0411 0.0474 0.046 0.0444 0.0460 0.0455

4 X 33.111 22.431 22.040 22.614 33.304 33.336 23.171 23.001 34.047 24.114
3.1 4-x 0.0400 0.0440 0.0443 0.0431 0.0413 0.0420 0.0424 0.0420 0.0426 0.0412

4 X 346513 14.771 26.030 28.360 66.834 11.790 18.068 26.211 24.576 20.141
1.8

e'x 0.0460 6.0464 0.0400 0.0260 0.0162 0.0160 0.0164 0.0340 6.0376 0.0313

4 X 21.111 21.36 17.060 27.636 20.216 10.502 20.769 21.079 6.271 21.064
3.1

11-11 0.0340 0.4461 0.0462 6.0251 0.036 0.0351 0.0247 0.0344 0.0340 0.0227

4 X 29.914 30.242 20.140 30.077 11.101 31.500 31.117 32.137 32.460 52.706
3.4 4-X 0.0334 6.0330 0.0321 0.0324 0.0331 0.0317 0.0314 0.0311 0.0308 0.0305

4 X 13.115 33.440 32.764 24.124 24.447 24.612 36.163 25.517 33.614 24.234
1.3 4-X 0.0302 0.020 0.066 4.0201 0.0200 0.4267 0.0204 0.0242 0.6270 0.0275

4 X 34.506 16.066 31.336 31.711 36.092 30.471 20.461 30.212 30.046. 40.041
3.1

4.x 0.0871 0.0271 0.0240 0.0286 0.0283 0.0260 0.0217 0.0235 0.0252 0.0250

4 X 44.447 40.664 42.264 42.69 42.60 42.521 42.946 42.200 42.616 44.66
1.7

4r"11 0.0147 0.0146 0.0243 4.0340 6.636 0.0234 0.0222 0.0231 0.0228 0.0224

411 44.701 46.150 45.404 46.003 40.66 46.993 47.405 47.942 40.424 46.911
2.6 4X 6.0228 0.0221 0.0250 0.0217 0.0210 0.0211 0.0211 0.0200 0.0207 0.0204

4 X 40.402 49.409 60.400 50.907 51.419 51.65 52.457 52,044 52.517 54.045
2.6 4g 6.0202 0.0206 6.6160 0.0104 0.0111 0.0103 0.0191 6.0119 0.6147 0.0143
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Exponential Functions (Continued)

x 7 ti71C710/1 0.40 0.01. 0.02 0.05 0.00 0.05 0.00 0,07 0.00 0,00

1 x 64,108 55,141 56,701 66.141 56.624 61.341 67.074 56,557 59,145 10.746
4,0

g-x 0,0153 0,0151 0.0180 0.0176 0,0170 0.0114 0.6113 0.0171 0.0165 0.0147

1 x 60.340 60.047 01.550 62.146 02.003 63,434 64.073 64.715 65.340 66.025
4.1 g -x 0,6106 0.0104 0.0143 0,0101 0.0110 0.6161 0.0150 0.010 0.0153 0.01111

1 X 01.010 67.317 00.033 64.711 00.446 70.106 70.110 41.522 72,346 73,656
4.3 gox 0.0150 0.0144 0.0147 0,0140 0.6144 0.0143 0,0141 0.0146 0.0156 0.0137

1 x 43.460 44.440 76,150 41.244 16.701 74.410 46.257 70.044 44.436 00.440
4.3

1-11 0,6130 0.0134 0.0133 0,0132 0.0130 0.0130 0,0120 5,0121 0.0125 0.0124

1 x 41.451 52,340 03.096 63.031 14.//11 05.417 06.456 67.357 66.236 09.121
4.4

1-x 0.0123 0.0122 0.0120 0,0110 0.0116 0.0111 0.0110 0.0114 0.0113 0.0112

g 2 00.014 50.022 01.636 02456 113.611 04.033 95.553 00.544 01.514 51.494
4.5

got 0.0111 0.0110 0.0109 0.0166 4.0104 0.4104 0.0105 0.0104 0.0103 0.4102

g x 99.404 100.46 101.0 102.51 103.64 104.66 105.64 100.70 107./7 106.65
4.6 e- it 0.0111 0,0100 0.0009 0.6096 0.0097 0.0096 0.0016 0,0004 0.0013 0.0002

1 x 109.05 111.05 112.14 113.30 114.43 116.86 116.45 114.52 119.10 110.30
4.7 1-x 0.0091 0.0090 0.0009 0.0066 0.0017 0.0017 0.0005 0.0066 0.0004 0.0063

( x 121,61 122.43 123.11/ 125.21 126.41 127.44 126.02 130.32 151,03 132.05
4.6

1" x 6.0042 04041 0.0061 0.0.00 0.0070 0.0075 0.0675 0.0074 0.0070 0.0015

1 x 134.25 130.54 137.00 136.36 130.14 241.14 142.50 144.03 145.47 146.04
4.5

11-x 0.0574 0.0074 0,0013 0.0072 0.0013 0.0071 0.0670 0.0005 0.0000 0.0060

/ x 145.41 149.90 151.41 152.03 154.47 156.02 157.50 119.17 160.77 162.25Co
1-8 0.0007 0.0061 0.0084 0.0045 0.0065 0.0004 0.0003 0.6043 0.0002 0.0062

1 x 164.02 102.61 161.34 169.02 140.42 172.43 114.16 145.91 147.60 170.44
S. 1-x 0.0000 0.0000 0.0040 0.049 0.0054 0.0053 0.0051 0.0051 0.0031 0.0054

1 x 161.22 103.05 164.93 156.19 111.04 100.54 102.45 104.42 190.37 196.34
5.2

1-x 0.0055 0.0065 0.0054 0.0064 0.6053 5.0062 0.0052 0.6051 0.0061 0.0650

1 x 200.34 202.35 204.36 206.44 206.51 210.01 212.72 214.06 211.02 2111.20
$.3 ex 0.0050 0,0040 0.0049 0.0046 0.0045 0.0047 0.0041 0.5041 0,0046 0.0046

1 x 321.41 223.63 225.06 226.15 230.44 232.40 236.10 237.46 2311.06 242.26
5.4

1-x 0.0045 0.0045 0.0044 0.0044 0.0043 0.0043 0.0043 0.0042 0.0042 0.6041

1 x 244.69 247.15 246.64 252.14 254.66 254.24 Mon 212.45 265.07 207.14
5.5 1-x 0,0041 0.0040 0.0040 0.0040 0.0039 0.0030 0.0030 0.0030 0.0030 0.003?

1 x 270,43 273.14 275.19 270.06 281.40 204.29 261.15 290.03 292.55 205.00
5.6

11"x 0.003/ 0.0021 0.0036 0.0036 0.0036 0.0035 0.5036 0.0034 0.0034 0,0034

i X 250.07 301,07 304.16 307.51 311.06 314.10 314.35 320.54 323.70 327.01
5./

1-x 0.0033 0.0033 0.0033 0.0032 0.0032 0.5032 0.0032 0.0031 0.0631 0.0051
1

iX 330.30 333.62 336.07 340.36 343.70 347.23 356.12 354.25 354.01 361.41
$.6

1-11 0.0030 0.0030 0.0030 0.0029 0.0329 0.07173 0.0025 0.0020 0.0026 0.0020

1 x 316.04 340.41 372.41 574.10 375.93 363.76 307.51 301.51 305.44 329.41
5.9

11-x 0.0022 0.0022 0.0027 0.0022 0.0026 0.0026 6.0025 0.0024 0,0026 0.0023
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c. MULTIPLICATION - To multiply com-
plex numbers, use the same Pr Smears as
with bionomials, except that whore ja occurs
in the final result, you replace it by its
equivalent, -I; e4.:

Mu Itittly 5 + j3 by 2 - j2

5 + j3

10 + j6
LI:jfil

10 - j4 j26

10 j4 - (-1) (6) = 10 - j4 + 6 is 16 -

d. DIVISION - Divide one rectangular quan-
tity (complex number) by another by ration-
alizing the denominator, then dividing the real
number into the numerator. Remember that
you rationalise the denominator by multiplying
both numerator and denominator by the con-
jugate of the denominator; e.g.:

(1) Divide (5 + j3) by (2 j2)

5 L13zz6411,,10 +116 + 126,,
2- j2 2 + j2 4 -324

10 +i16 -6,=4+
ga- a°54 + 4 8 2

(2) Divide - j4) by (-5 - 13)

-30 +138 - 2it,
-5 - j3 -5 + j3 25 -325

-30 +138 + 716 +1359,amt.11
25 + 9 34 17

3. QUANDRATIC EQUATIONS - The degree
of an equation in which the unknown has only
positive integral exponents and does not
appear in the denominator of a fraction is
the same as its term of highest degree.
The degree of a term in a letter means
its exponent in that term. To illustrate,
the degree of the term 4x2y3 in x is the
second. The equation ax2 + lac + c 0 is
a second degree or quadriatic equation in

.2.7A
x. The following discuses' the solution of
equations of this form: there are several
methods you can use to solve a quadratic
equation, such as graphing, completing the
square, factoring, and using a formula derived
from the general form ax2 + bat + c 0 by
the completion of the square method. The
formula is

X la
-b 'A: 1/7---411tc

2a

where a, b, and c are, respectively the
coefficient of x2, the coefficient of a, and
the term which does not contain x. Before
applying the formula, alwals put the equation
in the standard form axa + ban + c 0 by
transposition. The following examples illus-
trate the processes for solving quadratic
equations by the formula:

a. Solve for x in the equation 3x
2 + ex -

10 0:

By the formula,

-8± -\/64 712 -1111:VTIT4,x 6 6 a

-8 ±1 3.56,:aa 9-565or = -3.59 or 0.936 6 6

b. Solve for a in the equation 2a 3a
2 -lb

Subtract 3a2 from both sides: -3a2 + 2a -8

Add 8 to both sides: -3a2 + 2a + 8 0

By formula:

a = -6 -6
:2 ±Val

al-12=611Lor lb= 2 or -1.33-6 -6 -6

c. Solve for R in the equation

?R2

R2 R 5
R + 5 3 6

6it2
= 2R(R + + 5(R +

6R2
= 2R2 + IOR + 5R + 25
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OR
2

2R
2

+ 1511 + 25

4R2
15R 25 0

1 .tp......\71-7411490.

15 4' viTti.1.4.un
e e e'Igor 0.'15 or .25

The quantity b2 « 4ac which appears under
the radical in the formula is called DISCRI-
MINANT, It indicates the type of roots. If
b2 4ac is positive_, there are two real and
unequal roots; if b2 4ac is negative, the
roots are Imaginary and unequal; If b2 4ac
equals zero, the roots are real and equal.

4. VECTOR QUANTITIES AND VECTOR
ALGEBRA - Some quantities have magnitude
only while others have both magnitude and
direction. Quantities with magnitude only are
known as scalar quantities; those with both
magnitude and direction, as vector quantales.
Forces, motion, and acceleration are exam-
ples of vector quantities. Scalar quantities
may be added, subtracted, or multiplied
directly. But since a second dimension enters
into vector quantities, a number of special
methods must be employed in dealing with
vector quantities:

a. Representing a Vector Quantity - A
vector quantity may be represented by a line
segment. The length of the line indicates
the magnitude and its angular position and
an arrow point indicates the direction as
shown in Figure 22. Usually this vector is
called the vector OA. Other common nota-
tions, to indicate vector quantities, are M;
M and M.

b. Representing Two Forces - Vector
quantities may be combined, as you see in
the illustrations. Suppose the two vectors OA
and PB represent two forces applied to the
same object. OA might be the force on an
airplane due to the action of its engines and
PB the force due to the wind. The vector
sum of OA and PB is obtained by placing
PB, without changing its magnitude or direc-
tion, so that P coincides with A. Then OB

144

Figure 22. Vector Quantities

is the vector sum and represents the magni-
tude and direction of the resultant forces.
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c. Addition of Vectors You can obtain
the same result by an alternate method. If
you place the two vectors at the origin, and
form a parallelogram with OA and On as
adjacent sides, the diagonal will be the
resultant force. This is referred to as the
parallelogram law of forces and may be
applied to the addition of any set of vector
quantities (Figure 23).

d. Polar or Rectangular Form of
a Vector - You can describe a vector in
POLAR form or in RECTANGULAR form.
The polar form shows the magnitude of the
vector and the angle which it makes with
the horizontal ads. For example, lOar
describes a vector 10 units in length and at
an angle of 30 In the rectangular form,
the vector is resolved into two components
which are the projections of the vector on
the horizontal and vertical axis and have
as their origin the initial point of the vector
as in Figure 24. In this work, you can
designate the horizontal component as the
real component and the vertical component
as the IMAGINARY or j component. From
the relations in the definitions of sine and
cosine, (sin 0 z/z and cos a a r/z) you
can see that r a z cos 0 and x a a sin O.
Thus, al: a cos 0 + jz sin O. Hence the
vector 10 W 8,66 + j8,

(1) Addition and Subtraction 7 You
have already observed how complex quantities
(such as rectangular forms of vectors in
Figure 25) can be added andsubtracted. Since
the addition of vectors by graphical means,
as described before, is not satisfactory unless
you use accurate instruments to construct
the vectors, the usual method of combining
two vectors is to convert them to rectangular
form and to add them algebraically:

(a) Add 35 40 and 47 55'.

35L4_0! a 35 cos 40' + J35 sin 40'

.350660+ j 35 (.6428)

26.81 + j22.50

47 55' a 47 cos 55' + J47 sin 55°

Figure 23. Parallelogram Method of
Adding Vectors

Figure 24. Components of a Vector

Figure 25. Graphical Addition of Vectors

I

2.71
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ADDING:

47 (.5736) + 147 (.8192)

28.98 4. j38.50

26.81 + 02.50
29.96 + 138.50

The sum is 53.77 +181.0o

The graphical addition of the vectors in this
example is shown in Figure 25. To convert
this result to polar form, remember that

xtan0r

Therefore tan 0 in this case is I.* 1.134,
and 0 arc tan 1.134348.6°.Since cos 9

r 53.77 pla it
*.* COI"m7/7 cos 48.6° 13 .6613 a Wa "j6

ms polar

form the answer is 81.5a81.3°.

(b) Subtract:

45.6 21.5' from 51.4 -10.5'

45.6 21.5° 45.6 cos 21.5° +145.6

sin 21.5' 45.8 (.9304) + 145.6 (13665)

42.4 +J16.7

51.4 LM) =

51.4 cos (10.5 °) +151.4 sin (-10.5°) =

51.4 (.9833) + 151.4 (-.1822) si 50.5 - j9.36

SUBTRACTING:

50.5 - j9.36
42.4 +116.7

The remainder is 9.1- 126.06

0 arc tangy arc tan -3.21? = -72.7°,

14-cos(-72.7°) .2957
= 27.1

In polar form the answer is 27.1 L72a°.
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(3) Multiplication To multiply two
vectors in polar form, multipIrthe magni-
tudes together and add the angles:

MULTIPLY:

sear by 41L81.

(55) x (47) 2585

40' + 55° 95°

hence (55a9°) (47 55') 3585/21.

You can check this result by converting from
polar to rectangular form, multiplying and
then converting back to polar form.

55a.0° 42.13 + 135.35

47at° 26.96 + 138.5

Multiplying:

43.13 4. 135.35
26.98 + 139.5

1135.825 + 1953.036
_11822.005 +.113110.915

1135.836 + j2515.041 - 1380.975

The product is -225.15 + J2515.04

2575.04 arc tan -11.43 = 95°,
`' -225.15

Z alla -alall/ = 2582cos 95° .872

The answer is 2582&05°, practically the
same as obtained before. Since a power of a
quantity is a repeated multiplication process,
note that (15LE)2 = 2252 °, (15/.2.213
3375 ° and so on. Raise the magnitude of
the vector in polar form to the desired
power and multiply the angle by the exponent.

(3) Division - To divide one vector by
another, divide the magnitudes and subtract
angles:
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DIVIDE:

Mar by (Oar)
65 + 47 a 1.17

40' - 66° -le
55/406

hence -all1.17AV47°
(4) To Extract a Root of a Vector Con-

versely, to extract a root of a vector in
Polar form, extract the required root of the
magnitude and divide the angle by the index
of the root taken; e.g.:

"V1016r 3.16a

3 "\ 0.1A° 2.15ar

(5) Extracting a root or raising to
a power - When either extracting a root
or raising to a power, convert rectangular
quantities to polar form before finding the
root or power. Addition and subtraction are

.274
easier in the rectangular form. Multiplication,
division, raising to a power, and extracting
a root are easier in the polar form.

GEOMETRY

I. AREAS OF PLANE FIGURES » Figure 27
contains formulas used in resolving the area
of plane figures.

2. AREAS OF IRREGULAR SURFACES -
Figure 28 contains formulae used to resolve
the area of irregular surfaces.

3 SURFACE AREA AND VOLUME OF SOLID
FIGURES - Figure 28 contains formulas used
to resolve the surface area and volume of
solids.

TRIGONOMETRY

I. TRIGONOMETRIC FUNCTIONS - Several
special relationships, called TRIGONOME-
TRIC FUNCTIONS, holds true in a right
triangle. Electrical problems when reduced
to a right triangle can be easily and quickly
solved by the use of tables based upon these
functions.

trepesebial tuls:

Ares.. ei(rit +Ts +Ts.

%.,t.

&mope, rel. Is emostle ea):

Figure 28. Areas of Irregular Plane Surfaces
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''igure 28. Surface Areas and Volume of Solid Figures (Contd)
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Figure 28, Surface Areas and Volume of Solid Figures (Contd)
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Figure 29. Trigonometric Ratios

a. RATIOS - In Figure 29, 0 is the angle
ZOR, OR is the projection of OZ on the
horizontal axis, OX is the projection of OZ
on the vertical axis. The letters r, Le, and a
represent the lengths of OR, OX and OZ
respectively. There are, in all, six different
ratios between the sides r,y and s. They
are called trigonometric ratios or TRIGONO-
METRIC FUNCTIONS.

b. FUNCTIONS - Generally you will Awe
the first three, sin 9, sat 1, and t.mt, in
your work. You can save much time by
memorising them. Notice that three of the
functions, csc 0, sec 1, and cat are the
reciprocals of sin 0, casfi., and fui, respec-
tively. If you suppose that Figure 29, OZ
has a unit length of 1 and is rotated in a
counterclockwise direction beginning with
angle 0 at 0° value and continuing until it is
90°, then the functions will vary within the
following limits.

152

sin 0 increases from 0 to 1.0
cos 0 decreases from 1.0 to 0
tan 0 increases from 0 to w
cot 0 decreases from w to 0
sec 0 increases from 1.0 to w
cac 0 decreases from oo to 1.0

c. QUADRANTS:

(1) WhenOvariesbetweenthe values of
00' and 180' (second quadrant), the projec-
tion r is negative and the functions which
involve r become negative. Thus, cos _A
and tan 0 are negative in this quadrant. In
the third quadrant, both r and x are mop.-
tive. Therefore, sit. n 0 and cos 0 which involve
only one or the other are negative, while
taL2, which involves both r and E, is posi-
tive. In the fourth quadrant, r is positive,
but x le still negative. For this reason,
sin 0 and tan 0 are negative in the fourth
quadrant, while cos 0 is positive (Figure
30). .

(2) Trigonometric tables give func-
tions up to 90' only. Therefore, you will
have special rules for angles inother quad-
rants. The folinwing rules anply for functions
of angles greater than 90°.

(a) IN QUADRANT II:

0 = 90° + some angle which
is designated a (alpha)

ein (90° + a) = sin (90' -a)
cos (90° + a) = -cos (90' -
tan (90` + a) = -tan (90° - a)

(b) IIi QUADRANT

9at180 ° +a

sin (180' + a) = -sin a
cos (180' + a) = -cos a
tan (180° + a) = tan a

Ma I Cis I T.a *
ones To From Te /,em To

a 10

-to

10 10 0 0

O 0 10

0 .10 0 0

O 0 10 e 0

Figure 30. Variations in Values of
Functions
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(c) IN QUADRANT IV: d. INTERPOLATION - Interpolation is
necessary only occasionally since the tables
give functions of angles to tenths of a degree.

270° + a

sin (270° + a) -sin (90° - a) e. INVERSE FUNCTION - The angle cor-
responding to a given function is called the

cos (270° + a)in cos (90° » a) INVERSE FUNCTION and is written =WU
or sin-1 0. There are 2 angles correspond-

tan (270° + a) tan (90° - a) ing to any given function. For example:
arc sin 0.6428 Is 40° or 140°. To avoid
confusion, certain values of arc sin, arc
cos, etc., are designated the principal values

(d) EXAMPLES: and are indicated by capitalizing the letter A
of arc. The principal values of arc sin 0
and arc tan 0 are those in the first and
fourth quadrants, and the principal values of

1. FIND sin 39° arc cos 0 are those in the first and second
quadrants. Therefore,

Solution: Find the angle 29° in the table.
Opposite this angle and under the heading
sine is 0.4848.

Therefore sin 29° = 0.4848.

2. FIND cos 129°

Solution: Cos 120 = cos (90° 4. 300),

According to the rules for angles larger
than 90°:

Arc sin 0.6428 = 40°

In finding the function of an angle, or vice
versa, note that the functions repeat them-
selves every 360°. Thus,

sin 400° = sin (400° - 3601 =sin 40° = 0.6428

You can say that a negative angle is equi-
valent to a positive angle which is 360° plus
the negative angle. To illustrate,

cos (00° 4. 30°) a -008 (90° 39°) or -008 51° -50° zg 360° + (-50°) = 31or

The tables show that cos 51° is 0.6293. Hence sin (-50°) = sin 310° = -0.7660.

Therefore:
Angles in the fourth quadrant are frequently

cos 129° -0.6293. expressed as negative angles.

252
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3. SIMPLE RELATIONSHIPS:

SW
2

+ cos2
1

Tan 6 Sin 9/cogs

Cot 9 Cos Vein

1 + tanse = sec20 1/cosse

1 + cot20 = cosec0 1/sins9

Sing - cows=\/ tan a 1

14-47an2o

cove= 1- sin 0= 1

1 +tan 0

sin (-0) = -sine
cos (-0) = owe
tan (-9) = -tang
sin 29 = 2sin9 cone

14-4-Tot

cot

1 .r-00t29

cos 20 = cos20 - sin29

= 1 - 2sin20

= 2cos20 1

2tan.
tan AV a

1 tan

sin (A + B) sin A COS B + cos A sin B
Cos + 1 cos A cos B - sin A sin B

tan A + tan BTan (A + B) - 1 -tanAtanB

Sin (A - B) sin A cos B- cos A sin B
Cos - 1 cos A cos B + sin A sin B

tan A - tan BTan (A - 1 + tan A tan B
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DEGREES AND
FRACTIONS TO

DECIMAL
RADIANS

To convert
equivalents of

De

25.7e into radians, find the
20°, 5°, 06.7, 0°4)6 and add.

Radians

10
20
30
40
50

70
60

80
90

1

Radians Decrees

0.174533
0.349068
0.523599
0.698132
0.672665
1.047198
1.221731
1.396264
1.570797

1
2

57.2958
114 . 3916

3 171. 8873
4 229. 1831
6 286.4789
6 343.7747
7 401.0705

458.3662
515.6620

10 572.9578

8

Multiples and Fractions of it Radians

Radians Radians Degree.

IC 3.1416 180
21C 6.2832 380
31C 9.4248 540
4 IC 12.5664 720
5 7C 15.7080 900
6 IC 18.8496 1080
7 IC 21.9911 1260
8 IC 25.1327 1440
9 IC 28.2743 6

1010 31.4130 1120800

203

6
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dos aln des \.. len dot sln cc. ' 140 e01

0.0 .00000 1.0000 .00000 90.0
-

8.0 .10483 0.9945 .10610 6.514 99.0

a .00176 1.0000 .00171 673.0 .9 .1 .10026 .9943 .10617 9.367 .9

.2 .00349 1.0000 .00340 260.6 .6 .2 .10600 .0043 .10003 6.205 .6

.4 .06624 1.0000 .00621 191.0 .7
.3 .10913 .9990 .11040 6.066 .7

.4 .00606 1.0000 .00196 141.21 .6 .4 .11147 .8031 .11917 6.016 Al

.5 .00673 1.0000 .60672 114.66 .6 .6 .11320 .0926 .11394 6.777 .6
6 .01047 0.0999 .10147 96.49 .4 .0 .11404 .9934 .11670 6.642 .4

.7 .01222 .0909 .01222 61.81 .3 .1 .16667 .9032 .11747 1.113 .2

.g .01396 .9099 .01396 71.62 .1 .6 .11640 .0930 .11924 6.366 .2

.9 .01571 .8090 .01671 63.66 .1 .9 .12014 .9936 .12101 6.164 .1

1.0 .01746 0.0996 .01746 67.29 69.0 7.0 .12167 0.0035 .13276 6.144 99.0

.1 .01020 .9095 .01120 62.08 .9 .1 .12360 .9933 .L2466 6.028 .9

.3 .02094 .9996 .03095 47.74 .0 .2 .12533 .1921 .12423 7.918 .0

.3 .03369 .9997 .02240 44.07 .7 .3 .12706 .9919 .12610 7.606 .7
,4 .02442 .9917 .02444 40.92 ,9 .4 .12890 .9917 .12088 7.100 .6

.8 .02616 .9997 .02619 36.19 .6 .9 .13035 .9914 .13166 7.594 .6

.6 .01792 .0906 .03703 36.60 .4 .6 .13235 .9912 .13343 1.490 .4

.7 .02987 .9990 .03166 33.69 .3 .7 .13309 .9010 .13521 7.316 .3
A .03141 .9955 .03143 31.82 .2 .0 .13672 .9907 .13891 7.300 .2
,9 .03314 .9016 .03317 30.14 .1 .9 .13744 .9906 .13676 7.207 .1

3.0 .03490 0.9694 .03492 28.64 66.0 6.0 .13917 0.9003 .14064 7.116 92.0

.1 .03664 .9993 .83647 37.27 .9 .1 .14060 .01160 .14232 7.836 .9

.3 .03839 .1093 .03141 26.03 .8 .2 .14263 .9696 .14410 6.940 .8

.5 .04013 .8092 .04016 34.90 .7 .3 .14436 .9696 .14166 6.816 .7

.4 .04186 .9991 .04191 23.06 .6 .4 .14601 .111113 .141117 5.773 .6
,9 .04362 .9990 .04388 22.00 .6 .9 .14791 .9090 .14948 6.891 .6
.0 .04536 .9990 .04541 22.02 .4 .9 .14044 .1066 ..15124 1.613 .4

a .04711 .9969 .04716 31.20 .3 .7 .11116 .1186 .11302 6.536 .3

,e .04886 .9161 .04691 20.45 .2 .8 .15399 .9682 .15461 6.440 .2

.9 .05051 .9147 .06066 19.74 .1 .9 .13471 .9880 .11640 6.396 .1

3.0 .06234 0.9966 .06241 19.061 17.0 9.0 .16643 0.9677 .1503$ 8.314 11.0
.1 .06406 .0966 .01411 18.464 .1 .1 .15616 .9674 .11017 1.243 Al.3 .08992 .9994 .01691 17.888 .6 .2 .15986 .9671 .16101 6.174 .1
.3 .91756 .0983 .01766 17.343 .7 .3 .11140 .1889 .16376 8.107 .7
.4 .09191 .9102 .06941 16.831 .6 .4 .11333 .9866 .16856 6.041 .6
.8 .00101 .0911 .06116 10.350 .8 .5 .16506 .1063 .16734 4.016 .6
.6 .08279 .9980 .04291 19.990 .4 .4 .18677 .9160 .11914 0.913 .4
.7 .09453 .9979 .04447 15.464 .3 .7 .16640 .9867 .17093 6.850 .3
.11 .01627 .9978 .06642 13.091 .1 .5 .17021 .1864 .17373 6.781 .2
.9 .08102 .9477 .06617 14.118 .1 .9 .17193 .9851 .17453 5.730 .1

4.0 .08915 0.0976 .011993 14.301 86.0 10.0 .1736 0.9646 .1763 6.671 88.0
.1 .07160 .9974 .07144 13.951 .9 .1 .1754 .9646 .1701 5.614 .9
.3 .07324 .9973 .07344 13.617 .6 .2 .1771 .91142 .1709 5.558 .8
.3 .07498 .9972 .17610 13.306 .7 .3 .1780 .9148 .1417 5.503 .7
.4 .07672 .9971 .07096 13.906 .6 .4 .1504 .9136 ..111311 6.449 .6
.8 .07846 .1969 .07110 12.706 .6 .11 .1932 .9633 .1663 6.386 .8
.6 .05020 .9968 .06046 13.439 .4 .6 .1040 .9839 .1871 5.343 .4
.7 .00194 .9966 .08321 12.163 .3 .7 .1667 .9614 .1060 6.202 .3
.6 .04366 .91145 .91391 11.9011 .3 .8 .1674 .9633 .1166 9.343 .3
.9 .08142 .8963 .06673 11.144 .1 .8 .1101 .9820 .1136 8.192 .1
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Figure 31 (Contt!)
Natural Trigonometric Functions for Decimal Fractions of a Degree
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Figure 31. (Contd)
Natural Trigonometric Functions for Decimal Fractions of a Degree

.

444 oft OW
-

tae sot
-

deg sin 006 tae sot

36.0 0.6076 0.6090 0,7266 1.3764 64.0 40.8 0.6404 0.7004 0.11641 1.1700 49.5

.1 .6802 .8060 .7262 1.3713 .9 .6 .6606 .7303 .6671 1.1667 .4

.2 .3904 .6070 .1310 1.3463 .8 .7 .6621 .7681 .1401 1.1624 .3

.3 .6620 .6660 .7344 1.3613 .7 .6 .6834 .7870 .8632 1.1666 .2

.4 .8934 .8049 .7373 1.3844 .0 ,9 .6647 .7666 .8662 1.1644 .1

.6 .8048 .6034 .740 1,3614 .8 41.0 0.6661 0.1641 0.6693 1.1804 40.0

.6 .8962 .8026 .7427 1.3488 .4 .1 .4614 .1536 .6724 1.1463 .9

.7 .69711 .6016 .7464 1.3414 .3 .2 .6867 .7824 .0784 1.1423 .6

.6 .6960 .4007 .7461 1.3367 .2 .3 .6800 .7313 .8148 1.1383 .7

.9 .6004 .71117 .7604 1.3310 .1 .4 .4413 .7601 .61116 1.1343 .6

37.0 0.6016 0.19416 0.7636 1.3210 83.0 .6 .4626 .7490 .4841 1.1303 .8

.1 .6032 .7976 .7683 1.3222 .0 .6 .6630 .7476 .6876 1.1263 .4

.2 .6040 .7666 .7590 1.3175 .9 .7 .6662 .7484 .6910 1.1224 .3

.3 .8060 .7666 .7616 1.3127 .7 .8 .6065 .7466 .6941 1.1164 .2

.4 .6014 .7944 .7944 1.3070 ,6 .9 .6416 .7443 .6972 1.1146 .1

.5 .6084 .7934 .7673 1.3032 .6 42.0 0.6491 0.7431 0.9004 1.1106 46.0

.6 .6101 .7923 .7701 1.2986 .4 .1 .6704 .7420 .6036 1.1067 .9

.7 .6115 .71112 .1129 1.2936 .3 .2 .6717 .7406 .0087 1.1028 .8

.6 .8129 .71102 .7767 1.2602 .2 .3 .6730 .7368 .9099 1.0690 .7

.0 .6143 .7691 .7766 1.2848 .1 .4 .8743 .7388 .9121 1.0061 .6

36.0 0.6161 0.7660 0.7413 1.2799 62.0 .6 .6764 .7373 .2163 1.81113 .6

.1 .8170 .7969 .7841 1.2753 .0 .6 .6769 .1341 .9193 1.0676 .4

.2 .6164 .7669 .7860 1.2706 .9 ./ .6762 .7349 .0228 1.0037 .3

.3 .6194 .78411 .7696 1.2662 .7 .0 .6794 .1337 .1260 1.0799 .2

.4 .6211 .7637 .7926 1.2017 .6 .9 .6607 .7325 .6293 1.0761 .1

.8 .6226 4044 .7964 1.2872 .6 43.0 0.6620 0.7314 0.9324 1.0724 47.0

.6 .6239 .7618 .7963 1.2327 .4 .1 .6633 .7302 .9349 1.6966 .9

.1 .6232 .7004 .8012 1.2462 .3 .2 .6646 7290 .9391 1.0649 .8

.6 .6260 .7763 .6040 1.2437 .2 .3 .6466 .7376 .9424 1.0612 .7

.9 .8280 .7762 .8069 1.2392 .1 .4 .6811 .7268 .11457 1.0576 .6

39.0 0.6292 0.7711 0.8066 1.2349 S1.0 .5 .6864 .7254 .9490 1.0038 .6

.1 .6307 .1760 .8121 1.23.6 .9 .6 .6666 .7242 .9623 1.0601 .4

.2 .6320 .7749 .6166 1.2261 .8 .1 .6609 .7230 .6664 1.0414 .3

.3 .6334 .7730 .8166 1.2216 .7 .6 .6931 .1216 .9500 1.0426 .2

.4 .6347 4141 .8214 1.2174 .6 .9 .6924 .7206 .9023 1.0392 .1

.6 .8382 .7716 .8243 1.2132 .6 44.0 0.6947 0.7102 0.9461 1.0386 46.0

.6 .6374 .7703 .8273 1.2066 .4 .1 .6969 .1161 .9691 1.0319 .6

.7 .6386 .7464 .8302 1.2045 .3 .2 .6972 .7169 .0723 1.0263 .6

.6 .6401 .7663 .6362 1.2002 .2 .3 .6964 .7147 .9759 1.0247 .7

.0 .6414 .1672 .8361 1.1980 .1 .4 .6997 .1146 .9793 14212 .6

40.0 0.6429 0.7660 0.6391 1.1916 50.0 .6 .7000 .7133 .9021 1.0176 .6

.1 .4141 .7649 .6421 1.1876 .0 .8 .7042 .7120 .0663. 1.0141 .4

.2 .6481 .7839 .8461 1.11133 .3 .7 ,7634 .7108 .9896 1.0106 .3

.3 .6465 .1627 .6441 1.17112 .7 .8 .7046 .7094 .9930 1.0070 .2

.4 .8481 .7615 .6611 1.1780 .6 .9 .7069 .7863 .9905 1.0026 .1

40.1 0.6494 0.7604 0.6541 1.1766 43.5 45.0 0.7071 0.7011 1.0000 1.0000 45.0

GOO sin cot tae dog 004 sin cot tan
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ossugAL YAWS
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Figure 32. Metric Conversion Table

MULTIPLES PEZPIXES MULTIPLES PREFDDICS

1013 Mrs. 10*I doci-

le/ tea- 10
.3

4626..

10
4 mega- 10

-3 milli.

104 writ- 104 micro -

103 kUlm 10
-lo

IMMO.

10
3 98kto 10-13 gee.

10 deka-

Figure 33. Metric Multiple-
Prefix Table

RESISTORS

TOLERANCE MULTIPLIER
SIGNIFICANT

FIGURE COLOR

1 0 Black
10 1 Broom

100 2 Rod
1,000 3 Orange

10.000 4 Tallow
100.000 5 Gran

1.000.000 0 flue
10.000.000 / Violet

100,000,000 0 Grey
1.000.000.000 0 leldto

5 0.1 Cold
10 0.01 Silver
30 No Color

Figure 35. Resistor Multipliers

STANDARD RESISTANCE VALUES
ALL VALUES DI OHMS IDENTICAL MSOONMS

1.0 10 100 1.000 10,000 100.000 0.1 1.0 10.0
1.1 11 110 1,100 11,000 110,000 0.11 1.1 11,0
1.2 12 120 1.200 12,000 120.000 0,12 1,2 12.0
1.3 13 130 1.300 13.000 130.000 0,13 1.3 13.0
1.5 15 150 1.500 15.000 150.000 0,15 1.5 15.0
1.6 16 160 1.400 16,000 160.000 0.10 1.4 16.0
1.8 16 180 1,000 16,000 180,000 0.18 1.6 18.0
2.0 20 200 3,000 20.000 200,000 0.2 2,0 20.0
3.2 22 220 2.200 22.000 220,000 0.22 2.3 33.0
3.4 34 340 3.400 24.000 240.000 0.34 2.4
2.1 27 270 2.700 21,000 210,000 0.2? 2.1
3.0 30 300 3,000 30.000 300,000 0.3 3.0
3.3 33 330- 3.300 33,000 330,000 0.33 3.3
3,6 34 360 3.400 34,000 340.000 0.34 3.4
3.9 33 390 3.900 39.000 390,000 0.311 3.1
4.3 43 430 4, 300 43,000 430.000 0.43 4.3
4.7 4? 410 4,100 41,000 470.000 0.4? 4.7
5.1 SI 310 6,100 51,000 310.000 0.51 3.1
5.4 56, 540 3,600 54,000 540.000 0.56 5.6
4.2 42 620 6,200 62.000 620,000 0.63 6.2
6.11 68 680 IL SOO 60.000 600,000 0.66 O.
1.0 13 130 1,500 15,000 150.000 0.13 1.3
0.2 62 1120 6,300 62.000 020,000 0.82 0.2
93 91 910 9,100 91,000 410.000 0.91 9.1

Figure 34. Standard Resistance
Value 3
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COLOR CODE MAR1aNO
COMPOSITION-TYPE RESISTORS

(KM-STD)

COLOR CODES FOR
PART IDENTIFICATION MARKING

COLOR PART SIGNIFICANT FIGURES OF
ELECTRICAL VALUE

TOLERANCE FAILURE RATE
PER 1000 HRS

1st Number 2nd Number Multiplier

Black Capacitor 0 0 1 t 20% L 5 %
Brown -- 1 1 1 0 + 1% 14 1 $
Red 2 2 100 -I- 2% P 0.1%
Orange -- 3 3 1000 -- R 0.01%
Yellow -- 4 4 10000 -- S 0.001%
Green Diode 5 5 100000 -- T 0.0001%
Blue -- 6 6 1000000 --
Violet -- 7 7 10000000 --
Gray -- 8 8 --
White -- 9 9 --
Gold -- -- -- 0.1 * 5%
Silver Coil -- -- 0.01 t 10%

Figure 36, Resistor Color Code
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CAPACITOR COLOR CODE MARKING

I 1111.1TD CAPACITORS $

TYPE INDICATOR.

o
CHARACTERISTIC

BLACK DOTI MICA
SILVER DOTI PAPER

*INDICATES NUMBER
MICA (CM)

FIRST
SECOND

SIGNIFICANT FIGURE
SIGNIFICANT

FIGURE

INDICATOR
(READING

ouuccumq
MAW L113100

ON PAPER TYPE.
(CM

SIONIIICANTMIL BUTTON -MICA FIRST
IDENTIFIIA (BLACK) FIGURE

SECOND SIGNIFICANT
IGURE

DECIMAL MILTS Lan
CHARACTER'S= CAPACITANCE

DECIMAL
TOLERANCE

TOLERANCE
BUTTON -MICA min

DIELECTRIC
DIELECTRIC
07 ZEROS

AND PAPER

mar SIGNIFICANT SECOND IIONIJJCANT FIGURE
MIRE DECIMAL MULTIPLIER

CHARACTERISTIC CAPACITANCE TOLERANCE

I! ;W:lirINI, MIL IDENTIFIER
INNER.ELEciltdm I'll 'I" .1? (BLACK DOT)

TERMINAL :

FIRST SIGNIFICANT
name

CHARACTERISTIC SECOND SIGNIFICANT

-SECOND IIIGNIPICANT
FIGURE

FIRST 5101411CANT
FIGURE

TEMPERATURE
COEFFICIENT 1111c

DECIMAL MULTIPLIER
CAPACITANCE
TOLERANCE

c= FIGURE
DECIMAL MULTIPLIERpaita.mentope

DECIMAL MULTIPLIER
CAPACITANCE
TOLERANCE

OF BANDS;
MARKING III LARGER.

(CC)

SECOND SIGNIFICANT
nom z

MET SIGNIFICANT
FIGURE

TEMPERATURE

TERMINAL

1 ' ' I

INSTEAD

COMPENSATING

__..0
MIL antonnia CAPACITANCE

SPOT)(BLACK TOLERANCE

NOTES:
1. SPOTS MAY U USED ON TUBULAR CAPACITORS

CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER
111 ON SIDE DIAMETRCALLY OPPOSITE DOIAR SPOTS.

2. NIL mem= 07 IDLE TYPE IS Ott REVERSE ME:
CHARACTERISTIC SPOT 111 LARGER OR SPACE BETWEEN
CHARACTERISTIC AND TOLERANCE SPOTS IS TRUE
TIMES SPACE BETWEEN ADJACENT SPOTS.

& TOLERANCE: YELLOW. 100%..35%.

CERAMIC-GENERAL PURPOSE (CIO

COEFFICIENT
INNERALICTRODE 1;1111

TERMINAL i '11'.

NOTE:
SPOTS MAY BE USED
TEMPERATURE COEFFICIENT

CERAMIC-TEMPERATURE

CAPACITOR COLOR CODE

COLOR NG
no.

MULTIPLIER CHARACTERISTIC' TOLERANCE2 TEMPERATURE
COEFFICIENT
musfirri)

DECIMAL
NUMBER

OF
ZEROS

CM CN

A

CB CH CM

-.4.-
so

'

ON

20

Cl

30

'
CC

AVER

20

Amur
OR LUIS

3

CC

ZEROBLACK 0 1 NONE
..

DROWN 1 10 I BE. .
B W

-4
1 -30

RED 3 100 3 C R N 2 3 3 40
ORANGE 3 1.000 3 D i D so .150

YELLOW 4 10.000 4 E P
...

.220

GREEN 5 5 t R
- ....

5
,,

0.5 -330

SLUE 4 4 5
......

.470
'PURPLE
(VIOLET) 7 7 T W -750 ..

ORAY S 1 4 X 0.26 4.30

WRITE I 0 [ 10 1 -330 (1500)5

GOLD 0.1 5 5 .100

SILVER 0.01 10 10 10

!LETTERS ARE DI TYPE DESIGNATIONS GOMM IIIL+C SPECIFICATION&
3.Iti PERCENT, EXCEPT DI OUP /OR CC-TYPE CAPACITORS OP 10 OUP OR LESS.
4117TENDED TOR USE DI CIRCUITS NOT REQUIRING COMPENSATION.

Figure 37. Capacitor Color Code Marking
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Figure 38. ButtonMica Capacitor Color Coding
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COLOR RMA Miss mei
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I111 C7114110
Cedar*

91.44.. 1 1 I
breve 10 le 10
net 100 100 SW
*romp 1.000 1.000 Lea*
Ultra 10.0$
Owen 100.001
Bk 1.004000
%eke 10.000.000
044, 100. 005.ekl 0.01
Milk 1.1:40.000.110 *.k
0.00 4.1 0.1
Sher 0.51 0.411
Ile Glee

MAI awls liontedinege Amedsde
1191 Aims Anwilow

K3LUAll MCP =Anil r
11A1190 metric:MT

C
0

0

100

le

00

To

40

so

44

341

30

10

Figure 39. Capacitor Multipliers
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Radar signal velocity
One statute mile
One nautical mile
One radar mile
One radar mile
One inch
One foot
One meter

One radian

TROQUgNGT

ic

CONVERSION FACTORS

188 x 103 statute miles or 162 x
5280 ft.
6080.2 it 1653.184 meters
12.6 microseconds (signal out + back)
one nautical mile
2.54 cm.
30.48 cm.
30.37 inches
180 degrees 67.3°ir

103 nautical miles per second

a a
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Figure 41. Electromagnetic Wave Spectrum
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Figure 42. Characteristics of Radio Waves
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VOLTAGE MULTIPLIERS.

I. Permute for voltage multiplier*.

1.

D. c Parma FORMULAS

lia
R w lij Rya

where R .+ multiplier regItance in ohm*.

Et* - hid emote reeding required in volt*.

liw .. Rill *mole current of molar in einlOwee.

Ern meter resistance in ohm..

MEASURING RESISTANCE.

a. Poem)* for mmeurig resistance.

It. With millianimeter sad bettery.1

b. With mUliemmeter. better,. sod knows meteor.

e. With voltmeter and battery.

2a.

(...a..)wher* RR 10 unknown regianee in ohm*.
11 '' 13

Ern meter regdmice Is amts. or *native
meter rim:Mang It guided realm I*
woad,

ab.

It m surreal reading with *wilt* spec.

is 'It current regime with ***oh elated.

RI . current limiting 'vitiator et sunniest
view to keep meter readies cm gel*
when *witch le apes.

Rit ... My Ril (11-1721)

where Rs .w unknown toolololoo In ohm*,

Ry .0 known realMance in ohms.

Rya v* meter roolol0000 IS ohm.,

ti current reading with switch closed.

la 4. runlet reading with .witch spin.

ac.

Et IN

Re`Riti kE3 i
where RR w walmovni resieusce in slime.

Run meter resietasee IS ohm*. including
multiplier reelatance Wit multiplied
rage la teed,

Et m. voltmeter readies with switch mowed,

Ea ... voltmeter reading with *witch *pea.

164

Figure 43. D-C Meter Formulas

303

.2 ?3



a it
GAGE 11101CTE11 INCHES ARCA 8410117 1.2140111 1111818TANCI At be '
(AA00)

1/4 OR
(8 & 3)

.

Ma Note MIA
Clrouisr

Mai
Pounds
p.r &P

Am*
p.r Lb

Ohms
POW

root

p.! Ohm
01226

p.r Lb

0000 .4664 .4600 .4446 211600, 640.6 1.661 .04801 20400, .00007662

000 .4066 .4566 .4137 167602. 607.9 1.069 .06160 16100. .0001217

00 .3612 .3646 .3404 133100. 402.6 2,462 .07703 12830. .0001936

0 .3217 .3249 .3261 106600, 319,6 3,130 .09027 10100. .0003076

1 .2564 .2803 .2022 83690, 263,3 3,047 .1239 6070. .0004891

2 .2560 .2576 .2602 66370. 200,9 4.977 .1663 6400, .0007776

3 .2271 .2204 .2317 62640. 169,3 0.276 .1970 6075, .001237
4 .2023 .2043 .2043 41740. 120.4 7,914 .2466 4026. .001966

6 3601 .1619 .1637 33100. 100,2 9.980 .3133 3192, .003127

6 .1604 .1620 .1436 36160. 79.46 12.66 .3861 2531. .004072

1 .1429 .1443 .1457 20020. 03.42 15,67 .4962 2001, .007905

9 .1272 .1266 .1200 16610. 49,90 20,01 .6252 1502. .01257

9 .1133 .1144 .1155 130110. 39,63 23.23 .1921 1262. .01998

10 .1009 .1019 .1029 10390. 31,43 31,02 .6980 1001. .03178

11 .06963 .000/4 .00183 6234. 24.92 40.12 1.200 794. .03053

12 .00000 .06061 .06162 6620, 19.77 50.59 1,506 6211.6 .06035

13 .07124 .07195 .07248 6176. 16.48 63.10 2.003 494.3 .1276

14 .06344 .00222 .06472 4107. 12,43 80.44 2.526 396.0 .2032

15 .02660 .06707 .06764 3261, 9,936 101.4 3.164 314,0 .3230

le .05031 .06062 .06133 2222, 7.818 127,9 4,016 249.0 .6136

17 .04401 .04926 .09171 2048. 6.206 101.3 5.064 197.5 .0167

16 .03960 .04030 .04070 1624. 4.1117 203,4 6.355 154.5 1.200
19 .03553 .03660 .03625 1286. 2.099 256.6 0.051 124,2 2.003

20 .03164 .03106 .03226 1022. 3.002 323.4 10.16 96.3 3.263

21 .02616 .02046 .02974 610.1 2.452 407.6 12.00 79.11 6.121
22 .02510 .02536 .02560 642.4 1.945 614.2 10,14 61.93 0.301
23 .02234 .02267 .02200 509.6 1.342 646.4 20.36 411.13 13,20

24 .01960 .02010 .02030 404.0 1.223 611.1 26.67 30.96 2040

26 .01770 .01790 .01610 220.4 .9690 1031. 32.37 30.90 32.27
26 .01518 .01394 .01610 254.1 .1692 1300. 40.61 24.30 62,06
27 .01406 .01420 .01434 201.6 .4100 1639. 61.47 19.43 64.3,
26 .01251 .41264 .01277 159.6 .4037 2061. 64,90 13.41 134.2

29 .01113 .41126 .01137 126.1 .3220 2607. 21.63 12.22 213,2
30 .00993 .01003 .01013 100.3 .3042 1227. 103.2 9.691 339.2
21 .0011626 .2021922 .049026 79.7 .2413 4143. 130.1 1,685 539.2
22 .007550 .007950 .008050 63,21 .1913 5227, 164.1 6.093 067,6

33 .006900 .647000 .00/122 30,13 .1617 6691. 206.9 4.033 1364.

34 .006205 .006306 406222 39.13 .1203 6310. 260.9 3.633 2166.
23 .005513 .005916 .005716 31,52 .09342 10460. 326.0 3.040 3446,
36 .004000 .005004 426104 25.00 .07560 13210. 414.6 2.411 5492.

2? .004352 .004463 .004523 19,93 .06001 22222, 523.1 1.912 6717,
211 .003563 .0031166 o004066 15.72 .0050 21010. 659.6 1.316 12660.
39 .003431 .003211 .003431 12.47 .00114 32222, 031.6 1.202 22040.
40 .003043 .003146 .003246 6.650 42993 33410. 1049. 0.1634 16040.

41 .00270 .00280 .04200 1.6400 .03373 42140. 1323. .1539 55750.
42 .00239 .04242 .00250 6,2001 .41077 53270. 1673. .3977 59120.
43 .00212 .00222 .00232 4.0204 .01492 97020, 2104. .4763 141000,
44 .00167 .00197 .00207 3.01600 ,0105 26100. 2072. .3143 227360.
46 .00166 .00176 .00106 3.0976 .001136 106800. 3346. .2927 354000.
40 .00147 .00157 .00167 2.4640 .00746 134040. 4201. .2377 543000,

Figure 44. AWG Copper Wire Table
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NOMENCLATURE POLICY
(8es JANAP 198 for Statement of Policies)

1. AN Nomenclature will be assigned to: A. Artlelse cataloged commercially exiMP. In ildwordtdiell
A. Complete aela of equipment and major components with paragraph 1.D,

of military design, 0, Minor components of military design for which other
it. Groups of articles of either commercial or military adequate means of Identification are available,

design which are grouped for military purpose. C. Small piece pert* such as capacitors and realetore.
C. Major article* of military design which are not part D. Article* having other adequate Identification in Joint

of or used with a eel, military specifications,
D. Commercial article. when nomenclature will tacit- 3. Nomenclature assignments will remain unchanged im-

itate military Identillcation and/or procedures. gardleee of later changes In Installation and/or ap
3. AK Nomenclature will not be assigned tat plIcation,

IMPORTANT. ..- All personnel are cautioned against originating or
changing any part of any nomenclature assignment, inoluding modification
letters, without authorlastion.

SET OR EQUIPMENT INDICATOR LETTERS
AN / A P 0 13 A

Nupr. 1111 1111
.4.10.- New

AN" SYSTEM WHERE WHAT WHAT MODEL MOD.
IT IS IT I; IT DOES NO, LETTER

quirMENN11 NIL. IIIIM71..
INSTALLATION TYPE OF

EQUIPMENT
A-- Invisible light, heal ra-

diation.
13--Pigeon.
C--Carrier.
D--Radisc.
ENupec,
F-- Photographic.)
0--Telegraph or teletype.

interphone and public
address.

J-- Electromechanical or In-
e rtial wire covered.

K-- Telemeter
L-- Countermeasures.
M--Meteorological.
N- -Sound in air.
P-- Radar.
Q- -Sonar and underwater

sound.
R--Radio.
3--Special types, magnetic.

e tc., or combinations of

T--Telephone (wire).
V -- Visual and visible light.
W-- Armament (peculiar to

armament, not other-
wise covered).

X-- Facsimile or television.
Y - -Dais procemiing.

A--Airborne (Installed and operated In
aircraft).

5--Underwater mobile, submarine.
C--Air trensportable (inactivated, do

not use).
D.-Pilotless carrier.
F--Fixed.
0--Ground, general ground use (include

two or more ground-type Installa-
tions).

K-- Amphibious.
M--Ground, mobile (Installed as opera-

ting unit fs a vehicle which has no
function other than transporting the
equipment).

P- -Pack or portable (animal or man).
S--Water surface craft.
T--Ground, transportable.
11General utility (Includes two or

more general Installation classes,
airborne, shipboard, and ground).

V-- Ground, vehicular (installed in ve-
hicle designed for functions other
than carrying electronic equipment.
etc., such as tanks).

W--Water surface and underwater.

PURPOSE

x
-Rupp
.43c.

IDENT,

A--Auxillary assemblies (not com-
plete operating sets used with
or part of two or more sets or
eels series),

C--Communications (receiving and
transmitting).

D-- Direction finder, remittals-
lance, and/or surveillance.

E--Ejection and/or release,
G-- Fire- control or searchlight di-

recting.
H--Recording and/or reproducing

(graphic meteorological and
sound),

K--Computing.
L--Searchlight control (Inactiva-

ted, use 0),
M--Maintenance and teat ascent -

bliei tools),
N--Naviptioasi aids (including

altimeters, beacons, compasses,
recoup, depth pounding, ap-
proach, and landing).

P--Reproducing (inactivated, do
not use).

Q--Spectal, or combination of
purposes,

R--Receiving passive detecting.
S-- Detecting and /or range and

bearing, search.
T--Transmitting.
W--Automatic Right or remote

control.
X-- identification and recognition.

1Not for US wee except for assigning suffix letters to previously itomenclatured item..
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Figure 45. Nomenclature System (Contd)

COMPONENT
INDICATORS FAMILY NAME

AS Supports, Mama
AM Amplifiers . ....

AS
AT
BA
BB
BZ
C
CA
CB
CO
CK
CM
CM

CP
Ca
CU.
CV

CW
CX

CY

D
DA

DY
E
F
FtV

Fli

C
OC
OP
N
NC
im

ID
IL
IM

IP

KY

LC

MA
MD
MX

Mr

MX

ML
MT
MX

Animas. complex
Antennae. simple.
Battery. primary type
Battery. secomisry type
Signal devices. audible .
Controls 666
Commutator seseinblise. saw.
Cspecilor bank
Cable Assemblies. RF ..
Crystal kits
Comparators
Compensators

Computer* ...
Crystals
Couplers
Converters (electronic)

Covers
Cable monthlies. mar

Com sod oebiseta

Dispeasere
Lout. dummy
Deteotiog beads
Dmiamotors
Hotels
Filters
Furniture
Frequency messuriag device.
Cieserstors. sower
Coolotnelere
Osgood rods
Need. band. sad obese sets
Crystal bolder ..
Air-000ditIonlog 'operetta

Indicators. noncatbode-ray tubs
Insulators ....
latenairy measuring devices

indicators% cathode -ray tube
Junta** devices ...
Keying deviate

Toots. that constrisctios
Loudspeakers
Microphones
Macadam
Modulators
Meters

Mayoras or magmata field geserstsre

Miscollaneoua Idle ..

Meteorological devices
Mousttogs
Miscollaseous

eXAMP LEO OF USE
(not to be emerged sr limiting this spplioatioa of the

ooranononLindiCatori.
Anthems atonal'. athM basso, inset meths". towers, sett.
Power. MM. laterpbons. radio frequency. video, electronic

oonerol. sae.
Azraye. parabolic type. Masthead. eta.
Whip or telesoopio loop. dipole. repenter. MO.

ballartes. bstiety packs. eta.
Sweep batteries. battery packs. old.
Dossers. goop. bores. eat.
Castro' box. remote Moans control M.
Peculiar to minor equipment.
Used ass power supply.
ar cables. wsvemildes. transmissive lines. Md., with sormloxis.
A Mt of crystals want bolder".
Compares two or !pore input Moneta.
B loctrthel sad/or smobanical compensating regulating or automat.

apparatus.
A atookanthel sod/or electronic mathematical cisloutating device.
Crystal in crystal hider.
lisped's.* Pupils( devices. direstioaal couplers. etc.
Zlestronio apparalue for changing the Mmes. frequency. or from

"ow" medium to "another."
Cover. bag. roll. cap. radoms. nacelle. Mo.
Nona? cables with terminals. last Made. also composite cables

of ar sod sooRP conductor's.
Algid sod estairigki MMus for moolosIng or carrylig equip.

meat.
Chad dispeosers.
RI sod floater fast loads.
Magnetic pleb" &WC*. seam& coil. hydroplane. Mo. towbar'.
Dynamotor power supply.
Sonar bigot assembly. eft.
lisod.pass. Ma ee. taispbose. wovs Immo. etc.
Claim desks. tables. etc.
Frequency meters. tubed cavity. etc.
Zthotrtsai power possatore without prints =was lase PU & PD).
Dosimeters of all ems'.
°roma rods. stake& etc.
Includes earpboos.
Crystal bolder less crystal.
amass. cooliog. pimidifylsg. processes. vacuum devices,

elo.
Calibrated diets sod meters. indicating liable. Mo. Mee IP).
Sicilia. standoff. feed.throseb. etc.
Include* SWR par. and theensiry aid Cabe meters. slotted

Um. M.
Aaithutb. .l vsttos. penoramth. etc.
Junction. ;sink sod terminal boxes. eta.
Mechanical. Metrical sod electroolc keyers. coders. inter

suntan. eat.
Include" speolal appestat snob as cable plows. etc.
Separately biased loudepositers. interceromunioslion elation.
Radio. talepbose. throat. k& Mo.
Magnate tape or wire. etc.
Device for varyiag amplitude. frequency or Oboe,.
Multimeters. volt-obm-ailitismitieters. mom tube voltmeters.

power rooters. etc.
'lapels tape or wire eraser. electrons net. permanent stapes.

eat.
itaintanince. modification. etc.. excone Mot sod crystal (see CK.

TX).
Barometer. hygrometer. thermometer. scales. etc.
Mountings. racks. frames. .tannic. etc.
Emanating sot otherwise classified. Inotodes subsesaniblies. Do

not use U better ladicator Is available.
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Figure 45. Nomenclature System (Contd)

COMPONENT
INDICATORS

FAMILY NAME
EXAMPLES OP USE

1110110 b ermeirmati as lambing the appllostios of the
oomesseelindiseterl.

MU
0

OA

OC
OS
PD
PP
PO
PH
PP

PT
PU

li
RC
RD

RE
RP

RG

Rt.

RO

RP

RR
Rt

S

SA
Sit
BG
SP4

SO
ST
SU
T
TA
TB
TC
TD

IF
TO
TH
TX
Tt.
TH
TR

TS

TT
TV
TOY

Memory units . .
Oscillators

Operating assemblies

Oceenograpbie derbies
Oscilloscope, test
Prime drivers ...
Vintage, pole
Pigeon articles
Pbotogreptdo articles
P o w e r supplies ... ..

Plotting equipments
Power equipments

1
000

Receivers
Reels
Recorder-reproducers

Relay assemblies
Radio frequency component

Cables. RP. Bub

Reeling machines

Recorders

Reproducers

Reflectors
Receiver and transmitter

Shelters
Switching devices
Switchboards
Geometers. signal
Simulators
Syschroolzera
Straps
Ceiba device
Transmitters
Telephone warms
Towed body
Towed cable ..
Timing devices

Memory asks.
Master frequency, blocking. multivibretors, Si.. ;tor tart es-

%Ware. see IKE.
Assembly of Operetta. wills oat otherwise covered. used with

or pert of am sM er set mole'.
ISathytherategraptie. et*.
Test Oseillaecopes for morel lest pupates.
Ossoltee saglass, slaotrto motors. Diem' motors, etc.
Cats banger, *temp, protectors, Me.
Container. loft, met. etc.
Canters. projector. senallemeter. etc.
tioaroistley amble. type such as warstor peck, rotator, Misr -

moelmtrie, Mo.
Except inelsorolegloM. Boards, maps, plowing table. Mc.
Rotating power 011111)1114111t 6110.1* dynamotor., motervetiermer,

sic.
Receivers. all types except abaft,.
Reel cable (see Rn.
Sound, graphic, tape. are. Ube. dia, facsimile. inagnetio.

mechanical. ac.
litanies'. elootrealo. etc.
Composite compooset of RF circuits, Do sot use if Inner iedi

calor Is evaltable.
RF cable, wavegubise. treasmissioft Uses, sta.. Milan tared-

mall.
itabanisine for dispensing sad rewinding esteem or Sew Sr..

recordist; wire or laps, eto.
douse" graphic, tape. wire, ma% disc, facsimile. teepienc,

ntechealeal. eta.
Somod, graphic. lore. wire. Elie. Mee. fecalaille. mamattle.

meolamicel. etc.
Target, ocalustos, etc. Except mamma senators (see AT}.
tettiand radar trinsmilvers. campmate traimaitter sad re-

colter. Mo.
flame. teal. protective shelter. etc.
Mamma. !alma, motor drives. promos operated, sic,
Telephone, tire Goitre!. power, yeast, etc.
TsM oscillators. miles geserstors, stc. lees 01.
Flislit. airman. target. signal, sic.
toilsome' to coordinate two or more foacuoss.
Earn!.., strop, etc.
Tnisecopse. mimeses. projectors. and boresighnig scopes,

Stiocellassous tenpins*equipensatri
?Tansmithers. all types, m laagi .

Towed underwater body or flak paratioce. etc.
Articulated towing Ora, faired cable, etc.
Mechanical sad electrons Limns donne. nags data. mule.

pleats. slearosio Wis. etc.
?Taasforesepre when said as separate itame.
Tilt and/or trots memiblimo.
Miscollassoos liclegropi *operable.
tilsoelisamus tool ememblitia.
All type. except Ilse conalrectios Moe LC).
Receiver, tosesminer. Moons, bads( mite, etc.
Magnolia hada. tetampleimpe. sonar ireseduars. vibrance

Owlollili. et. We RI LS. mid ht)-
Test sad measuring tiquigessei sot °Moroi.. included; bore-

al/Abet cad Mitooloili ollillSevoit.
tlimmlissomis taps. tel etype, Weird* imaistamit. etc.
Electronic tubs Omar.
Recording tope sad wire. splicing, electrical issolatioi tam.

ate.

Wasstormare
Positioning devices
febitall sPareca
Toot kits
Toole
Twat units
Trensducere

Test items

Teletypewriter end ficeinills mioness
Toltec nub. A'. .
Tapes and recording wire*
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Figure 45. Nomenclature System (Contd)

COliFelmaltyltlfr
CATOnS

=MOLD or USZ
FAMILY WARN OM W ha essetSted as Utah* the apittiesties at the

111111111011111USASSZIth----
Veinal plugs. esthete. a do--., SW.
Oates% phew. Nis% teaks aearlisge, Molars, elbows.

fiessist, etc
Cuts, donee, Weeks, trailer.. eta.
ing es% aortal peseta. *ail leap missal. eta.
Neer wish sable owl budge Is balk teas R01.
Nealr vire, sable owl sablega Is balk Sate 103).
Olean vire, sable and mhos ta folk (see SW
Non? 14r.. Sable awl tordess Is balk Sate am.
Naar vim fable aid aide. Is tisk Om No).
Used he ematmeleg EL C, L. a, or PF, eta.

Corneae" sidle ad parer
Caraselers, lir

Vellialeo
*tuft amigo's.. stool
Cables. too easiteetor
Cable*, late mothoter .
Cables, loath* eceltatat
Cablae, stogie asioaeter
Cables, three eashaeter
hasadoses sassmarbe Serbia

AW

COMMONLY
NAME CAPITAL SMALL USED TO DESIONATIL

alpha-- A a

bele-- P 0
gamma r r

delis -- a 3

pollee - Z N

we-- 2 C
out ....- N 9

0 0

iota - -- I
kappa K

Angles. coalleiests. slue-
eagles esealist. absorp-
tion !actor area.

Amin. coetticieate. Muse
coulee.

Complex prom:aka we-
akest trapitan. erectile
verb?, wise. electric
coadectiviSi. propap-
ilea coliatast.

leoremest or Seamiest
(capital or essall), de-
tervaleeet (capital). per-
mittivity ;capital). doe-
oiler. eagles.

Dielectric commas, peregt-
civic/. taw ei amoral
logarieses. electric la-
masery.

Caorosaataa, coodicioate.
Wriest* Mapedesce. &me-
Macy. sertem-charga
deasiry. ersieraate. co-
ordinates.

Ampler caw displace-
meat. time osertimt, ro-
lecteace. melee.

t Unit rector.
A Suceplibititt. coupling co-

efficient.

COMMONLY
NAME CAPITAL SMALL USED TO DESIONATZ1

lemble-- A

ma ---- 111

au ---- N
al ---- Z
eaticroa- 0
lit n
the ---- P

sigma Z

to T

upailoe» y
phi ---- 0

chi --- X

poi --- V

omega -... 0

A Parmelee& (eapilel) wave-
leagib atieaustios cos -
Mast.

a Permeability, arepliticstioa
factor. pretie micro.

Reluetiviry. bowery.
Coordiaatee.:e.

o
3.1416

a Rastetiviry. volume charge
decalry, coordinates.

Sularesties Icapilell. our-
tece-clierp4Maelty. con-
plea prop/aloe coa-
mast. electrical cosecs-
Miry. leakap mei:Wiest.

Time coosteat volume rip-
e st:Wiry. alma -Pisa die-
plaimmeet lraamelasioa-
tutor deasity.

v
* Scalar gottatial (capital).

magmatic flax, eagles.
X Electric atuceptibillry.

E agles.
ge Dielectric Mb. plots Sit-

isratot. coordinates,
aegis..

Y Ressateace Is obese {capi-
tal). solid Nagle (caps-
tan. molar velocity.

'Small letter le veal except arbors capital le istlieeled.

Figure 46. Greek Alphabet
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1CAO Paamorric P1101fUNLIATICW--_________.

A ms Alah
B Brava Brabrob

C Charlie Char-10, ka WiarIsa/

O Dana son-to
X Iola Xeltols

I' , Parlata Polartrot

O 0W owl

X Hats* nek.t.n

1 Attila Ardea.ah

J Joataft Arylasatt

K KU. Keylab

I. Uma Lastaalo

U Wm Mks

K Noaraber $o-vrarbar

O *mar Oa- oak

P Papa Pea-Pals

Q Quabee Kalboak

X ammo low. me.*

X Warn Saealr-rak

T nage Tang -go

X Uniform Yea-alosgarro for ea-awo-forad

Victor Va-to
W Whaakey W1ma-key

2 x-ray Xeka-ray

nuke* Yang-liay

2 2111V ZOOkMI

Figure 47, Phonetic Alphabet
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TAPPED
IMIIMAIIT

Figure 48. Power Transformer Color Code

I

LEON
VOLTA411

aicnnot
FILAMENT

FILAMENT
KA 1

FILAMENT
INA I

p/LAMMT
INA 3

IIALP.WAWN V111.10110N

Figure 49. Intermediate-Frequency Transformer Color Code

FLATS maxi OM) ONOM= 10011402 OF

szo III1L MUD IIIITUEN
S. OS LOW MEW

OW MOWN° CCM
111101.11 PLATO TO /11100LX

au) es MAW
110,1110 CCM

MOVING can.

ON

IRIEEP1ILL FLAT= TO
OVIAX2M MEMO° COIL

WON Elba
Of

INOVOSO CCM

LOW KOS
Or

manna cm,

ISKILZ FLATS TO
IMMO.VIILL <WIDE

VOIN.V111.1. PLATED
TO

IDOSII.VOLL 01111*

Figure 50. Audio-Frequency Transformer Color Code
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BASIC LAWS AND COMMON IDENTITIES OF BOOLEAN ALGEBRA

Identity: AA;IX
Commutative: ABaBA;A+BB+A

Associative: A(BC) a ABC; A + (B+C) sAv B + C

Idempotent; AANA;A+AaA

ADouble Negative: A li A

Complementary: ALO;A+Zal
Intersection: A 1 a A; A 0= 0

Union: A+1 a 1;A+CliiA

De Morgan: AB at I + ET; A + B it AB

Distributive: A(B+C) a AB + AC; A + BC a (A +B)(A +C)

Abeorption: MA+B) = A + AB = A

Common Identities: A(r+B) a AB; A + AB at A + B

tr IL S. 60VERIMENT MHO OFF1IL 1976-671-585/121

ATC 121
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Chapter 1

SAFETY AND

1-1. First and foremost in the study of
electronics is an area which concerns every-
one, safety and first aid. Personnel working
around and with electrical and electronic
equipment must be constantly aware of safety
and first aid procedures. Future electronic
technicians should be familiar with major
causes of accidents, hazards, and pre-
cautions related to electronic circuits, first
aid for electrical shock victims, and
identification and control of various types
of fires.

1-2. Accident Causes

1-3. Two areas of serious concern involving
an accident are CAUSE and EFFECT. Effect
is the reason the Air Force is concerned.
Accidents result in the loss, damage, or
destruction of property, as well as injury
and death to personnel. Due to the costly
factors which accompany accidents, the Air
Force is constantly searching for methods
to improve safety procedures.

1-4. Causes of accidents also give the Air
Force concern. Fortunately, there are many
statistics which show that 98% of all accidents
are avoidable. Amazing, but true! With such
a wide area in which improvement can be
made. it is reasonable that everyone can
contribute something toward reducing
accidents. Major causes are unsafe acts
due to human error and material failure.
1-5. The unsafe acts of individuals cause
88% of all accidents. Materialfailure accounts
for 10%. Although unsafe acts of personnel
are of great concern, the Air Force must
concentrate on ALL accident causes.

1-6. Human error may take the form of
inattentiveness, excitability, impatience,
carelessness, and even ignorance. Watch
anyone who seems to be "accident prone."
One or more of these undesirable
characteristics will be present in his every-
day behavior. Such individuals are a hazard
to the personnel with whom they work and
associate.

1

FIRST AID

1.7. Accidents caused by material failure
are usually difficult to anticipate. These
accidents are caused primarily by equipment
that has flaws, undetected during inspections.
Included are screwdrivers with broken or
cracked handles, meters with internal shorts,
rubber gloves with small holes, stepladders
with cracked rungs, and all other tools that
are not in servicable condition. Careful
inspections, conducted frequently, will reduce
the number of accidents caused by faulty
equipment.

1.8. Electrical Hazards

1.9. The dangers of electricity can be avoided
by the use of common sense, safety
precautions, and knowledge. High voltages
cause electrical shock and high currents
cause burning. Voltage and current are
inseparable in electrical hazards.

1-10. High voltages are present in most
electronic equipment. It is imperative that
all personnel know and understand the safety
procedures established for each type of
equipment. Most high voltage equipment is
turned off when maintenance is being
performed. Turning on the equipment during
such maintenance could be disastrous. All
types of Air Force equipment have built-in
safety devices, but they are not a guarantee
against careless or thoughtless individuals.

1-11. All electronic equipments have fuses,
either within the device itself or in the
wiring leading to the device. A fuse is a
current-sensitive element which opens (and
stops current) whenever excessive current
is drawn. The size and type of fuse is
based on the amount of current (in amperes)
that the circuit can safely handle. A blown
fuse is not a fault. The trouble that caused
it to blow must be located and corrected.
Never replace a blown fuse with anything
but a fuse of the correct voltage and current
rating.
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Figure 1-1

1-12. Unfortunately, the fuse that will protect
the equipment will not necessarily protect
those who are operating the equipment.
For example, the size of the house fuse is
determined by the size of the wires leading
to the wall socket, and NOT by what is
to be plugged into the wall socket. A very
small amount of current passing through the
chest can cause death, yet this same amount
of current would NOT blow the fuse. The
point is, a fuse will not protect human life.

1-13. What is the smallest amount of
electrical current required to electrocute a
person? No medical authority will state a
definite amount because of the many factors
involved. The lethal amount depends upon
the PERSON INVOLVED AND HIS STATE
OF HEALTH, AREA OF THE BODY
INVOLVED, LENGTH OF TIME THE SHOCK
IS RECEIVED, and TYPE OF ELECTRICAL
CURRENT.

1-14. Physically severe electrical shock
will have two main types of effects: burning
and paralysis. Either can range from minor,
temporary damage to fatal injury.

1-15. Even people in excellent health may
be severely affected by minor electrical
shock. Some people respond by going into
psychological shock. This is the same thing
suffered after a narrow escape from a traffic
accident or a severe fright.

1-16. The next three important factors are
inter related and must be considered together:
What part of the body is involved, the amount
of electrical current, and how Iong the
shock is received.

2

1-17. Suppose, for example; a shock is
received from the little finger to the elbow.
The electrical current will pass through
the forearm. When the current is low, an
unpleasant tingle is felt. At a higher current,
burns will be received on the finger and the
elbow where the current enters and leaves.
Also, internal burns within the arm will
cause tissue and nerve damage that may
be permanent. The higher the current, the
more the damage! A shock of this type does
not usually last too long because the muscles
in the arm will contract and break the
current path. This muscular contraction
can be helpful or it can cause more harm.
Contraction of the fingers can lock the
hand to a wire instead of pulling it away.
See figure 1-1.

1-18. Contraction of the arm muscles can
cause injury with tools held in the hand.
Any tool can become a deadly weapon as a
result of an otherwise minor shock. Keep
hands free of extra tools when checking
equipment. Contraction of leg or other body
muscles may cause an accidental fall.

1-19. Injury received from an electrical
shock could range from minor to fatal,
depending on the part of the body involved,
even though the amount of current is the
same.

1-20. The most severe shocks are those
that involve the brain or vital organs in
the chest and abdominal areas. The brain
is shielded to some extent by the skull
but the chest and abdominal areas are
relatively unprotected. To limit the body
area involved, be a one-armed technician.
Do not use both hands unless absolutely
necessary. A man using both hands provides
a path for electrical current through the vital
chest area.

1-21. Fatal shocks usually involve paralysis.
The brain's messages can be disrupted so
that breathing or heart action becomes
disorganized or stopped. Sometimes the
heart is still operating but instead of a
steady, rhythmic beat, the heart flutters
with a.-series of uncoordinated, rapid, weak
pulsations. This is called "ventricular
fibrillation" and is fatal if it continues for
any appreciable length of time.
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1-22. The key points are as follows:

CURRENT - Electrical current can kill.
The more the current, the more the
injury and the greater chance of death.

AREA - The more of the body involved, the
greater the injury. If the area involved
contains vital organs, the chance of death
is much greater.

TIME - The longer the shock is received,
the greater the injury and the higher the
chance of death.

TURN THE POWER OFF - Never work on
a "hot" circuit unless absolutely
necessary.

DON'T EXPERIMENT - Don't touch a wire
with the fingers to see what will happen.
Remember, electricity is invisible. A
bare wire may be a high voltage wire.
To find out, check with a meter and not
the fingers.

DO NOT WEAR METALLIC JEWELRY,
WATCHES, RINGS, ID BRACELETS, etc.,
while working on equipment.

1-23. No qualified technician will come in
out of the rain and start working on electrical
equipment, but people will do essentially the
same thing while they are hotandperspiring.
Perspiration is a good conductor of electricity
and spreads the shock over the entire body
surface. Keep the body as dry as possible,
and never stand in water or on a damp
surface when working with electrical
equipment.

1-24. Remember these important points.
When working on equipment, TURN OFF
THE POWER. Know the equipment. Keep the
body of metal tools from coming into contact
with electrical current sources. Make certain
that all equipment is properly wired and
grounded.

1-25. First Aid for Electrical Shock Victims

1-26. When a person comes in contact with
a wire carrying electricity, many things

can happen' and these depend primarily on ,

the amount of electricity involved. Some.
times victims are "frozen" to the wires,
or they may be knocked off their feet.
If the electrical current is high and the
victim is in a position to provide a good
path for the current, the results are usually
disasterous. The victim may be burned over
large parts of his body. Such victims must
receive artificial respiration immediately
if they are to be saved.

1 -27. The electricity in normal tabletop
radios can be deadly under certain
circumstances. People are killed by radios
while they are taking a bath. The metal
tub and water pipes provide a good electrical.
current path that can make household
electricity deadly.

1-28. When som3one does come in contact
with a "hot" wire, TURN OFF THE POWER
as quickly as possible. If the switch is
not handy, DON'T WASTE TIME1 Remove
the victim from the electrical source by
using a dry wooden pole, dry clothing, a
rope, a belt, or any other material that
will not carry electricity. If clothing,.rope,
or a cord is used, make it into a loop and
put it over a foot, leg, or arm to drag
the victim off the electrical source. Be
careful not to touch the victim, or you will
also become a victim.

1 -29. Severe electrical shockusually causes
the victim to stop breathing. Artificial
respiration must be started as soon as
the victim is free of the electrical source.

1 -30. Artificial Respiration

1-31. The success of artificial respiration
is often dependent on how soon it is started.
DON'T WASTE TIME moving the victim to
an ideal location and DON'T WAIT for
mechanical equipment.

1-32. There are four methods of artificial
respiration:

a. Prone pressure.
b. Back pressure, arm lilt.
c. Back pressure, hip lift.
d. Mouth to mouth.

3
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Figure 1-2

1-33. It has been proven that mouth-to-
mouth resuscitation is far better than the
other three methods. To begin, place the
victim on his back and use your fingers to
clean his mouth and throat of any foreign
matter and make certain he hasn't swallowed
his tongue.

1..34. Next, tilt his head backward so that he
is in a sword-swallowing position. See figure
1-2. This will insure that his neck is not
kinked and that there is a clear passage
into his lungs.

1-35. Approach the victim's headpreferably
from his left side and hold his low jaw
up by putting your fingers under his chin
and your thumb on his lower teeth. Then
pull on his Jaw until his lower teeth are
further forward than his upper teeth.

1-38. Next, use your right hand to close the
victim's nose. Take a deep breath and cover
the victim's open mouth with your own, to
form an airtight seal (figure 1-3). Blow
rapidly until the victim's chest rises. (This
should be done forcibly with adults but
gently with children.) After his chest rises,
remove your mouth from the victim and
allow him to exhale by himself.

1-37. This action should be repeated 12 to
20 times a minute. You will find that you
are breathing faster than usual in order
to get enough air for yourself. Actually
humans use only about 25 percent of the
oxygen they inhale, so the victim is getting
all he needs. Continue rhythmically without
interruption until the victim either starts
breathing or is pronounced beyond all help
by a doctor.

Figure 1-3

1-38. Bleeding

NCE10-20

1 -39. Any cut or wound that is severe enough
to bleed requires attention. Depending on
the severity, the required first aid may
range from a band-aid to a tourniquet.
Anyone who is bleeding badly is completely
dependent on those around him to save his
life. In such an event, there are two things
which must be done quickly: stop the bleeding
and prevent shock. Many people have died
of shock from wounds that were not other-
wise serious enough to cause death.

1-40. Bleeding wounds can be put into two
broad categories: those which involve an
artery, and those which do not. If an artery
has not been damaged, use a medical dressing
or other clean cloth and apply pressure
directly on the wound. The pressure will
reduce the amount of blood flowing from
the wound and will also aid coagulation. If
the wound is in an arm or leg, and a broken
bone is not involved, raise the limb. This
will decrease the flow of blood.

1-41. If an artery has been cut, the blood
will gush in spurts with each beat of the
victim's heart. This type of wound is naturally
much more serious, and prompt attention
is required. The flow of blood into the
area must be drastically reduced or shut
off completely. The bestway to do this is
to use medical dressings and apply pressure
directly to the wound. If the wound is on
the limbs and pressure does not reduce or
shut off the flow of blood, apply a tourniquet
between the wound and the heart. Once
applied, a tourniquet should be left in place
until removed by a medical officer.
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1.42. Some wounds seem to bleed despite
anything that is tried. In this case, the
person applying the first aid should know
how to locate the MX pressure points which
are on each side of the body. These points
are shown in figure 1 -4. Pressure that is
properly applied at these points will
adequately shut off the blOOd source to
the affected part of the body.

1-43. The pressure points in the groin and
neck are particularly important. lithe wound
is too high to apply a tourniquet on the
leg, use the pressure point in the groin.
Use a neck pressure point only as a last
resort, when other methods of stopping the
bleeding have failed. Do not apply pressure
to both neck points at the same time.

1-44. Shock was previously mentioned in this
lesson, and it was stated that precautionary
measures against it must be taken quickly
after an accident. There are many symptoms
which indicate a person is in a state of
shock. He will be pale and wet with sweat,
have a rapid but weak pulse, and he may
be thirsty, gasp for air, and be faint.

1-45. To prevent or treat shock, begin by
making the patient as comfortable as you
Can. Act as calmly as possible, and reassure
him that he will be all right. Remove any
bulky items he may have been carrying and
loosen his belt and clothes. Handle him as
gently as possible and don't move him
unless it's necessary. Use anything available
to keep him warm. if he gets cold, it will
increase the degree of shock. If he is
unconscious, place him flat on his stomach
with his face to one side. This will keep
him from choking should he vomit.

1-46. If the wounded man is conscious, give
him warm coffee, tea, or cocoa, but no
alcohol. If oxygen is available, give it to
him as this will help revive him. The
most important thing to remember is to
TREAT FOR SHOCK EVEN THOUGH THERE
ARE NO APPARENT SYMPTOMS.
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Figure 1-4

1.47. The third important step to follow,
when confronted with an accident victim who
is bleeding, is to keep the wound as clean
as possible. A dressing will protect the
wound from germs, dirt, and further injury.
Keep your hands off the wound when you
put on the dressing, and don't touch the
side of the dressing that is put against
the wound. Cut or tear clothing away from
the area that is injured.

1-48. Treatment of Burns

1.49. First-aid treatment of those persons
with severe burns is complicated by the fact
that they invariably lapse into a state of
shock. In addition, the first-line defense
against infection, the skin, is sometimes
burned away. Burns are a further cause for
frustration because they are always
accompanied by extreme pain. It is therefore
obvious that three things must be done as
quickly as possible for burn victims:

a. Protect them against shock.

b. Protect them against infection.

c. Make them as comfortable as possible.



1-50. Treatment for shock was covered
previously, so let's concentrate on protection
against infection. Unless morphine is
available, there is very little you can do
to make him comfortable other than'to move
him gently into a more comfortable position.
The prime thing to remember is to keep
the burn from becoming infected by dirt
or other foreign substances. The first thing
to do is cut or tear the clothing away from
the burn, but do not attempt to remove
any cloth that may be stuck to the injured
area. If sterile gauze or bandage is available,
cover the burn area as gently as possible.
If there is little danger of dirt or other
harmful foreign substances getting into the
burn, cover the area with a clean cloth.

1-51. Never put grease, butter, or ointment
on a severe burn, as they will have to be
painfully removed later by the medics.
Ointments, salves, and lotions do wonders
for first-degree burns, like sunburns, but
they only complicate second- and third-
degree burns. Burns are treated best by
complete exposure to the air, but this can
be done only in a controlled atmosphere
such as in a hospital.

1-52. An electrical burn from a low voltage
source usually covers only a small area of
the skin, and can generally be easily
recognized. First-aid treatment will consist
of covering the burn with a bandage. A
band-aid will usually be enough to protect
it from infection. There is no first-aid
treatment for internal tissue damage.
Internal injuries of this type will usually
be cured through the normal healing qualities
of the body.

1-53. Chemical burns are not usually as
crippling as burns from fire or electrical
sources. This is true only U first-aid is
promptly given. First-aid consists of washing
the affected area vigorously with soap and
plenty of water. If harmful chemicals should
get in someone's eyes, they shouldbe flushed
out immediately with a stream of water from
any available source.

6

1-54. Fire Protection and Prevention

1-55. The best fire protection program
consists of adequate prevention. It's as
simple as that

1-56. Good housekeeping is the first line
of defense in a well-organized fire prevention
program. Accumulations of rubbish, waste,
and trash are all prime sources of fire.
In addition, concentrations of flammable or
explosive gases andvapors are other sources
of dangerous and destructive fire, all Of
which are preventable.

1-57. Fires are divided into three basic
groups as an aid to firefighters in selecting
the correct procedure to follow in the event
of a fire.

CLASS A - These are usually wood, paper,
or rag fires. This type of fire can be
effectively brought under control by water,
through its cooling and quenching effect.

CLASS B - These are fires which are
fed by gasoline and other fuels, solvents,
and greases. These fires have to be smothered
if they are to be controlled. The only
effective way to fight them is to eliminate
the air by blanketing the flames.

CLASS C - This type of fire occurs in
electrical equipment and presents an
additional hazard to firefighters. If a
conducting agent, such as water is used, the
electricity will travel through it and shock
the person who is trying to extinguish the
blaze. Therefore, the extinguishing agents
must be nonconductors which rely principally
on a smothering action.

1-58. Presently in use are eight different
types of .Ixtinguishers that range, from a
simple water bucket to the more complicated
foam-dispensing type. The types of fire
extinguishers and the classes of fires against
which they are used are as follows:



TYPE OF EXTINGUISHER CLASS OF FIRE

Water bucket A

Water tank with hand pump A

Antifreeze (Calcium choloride or potassium carbonate and other salts) A

Soda acid (Sodium bicarbonate) A

Loaded stream (Fire hose) A

Chemical reaction foam (Carbonic acid) A and B

Vaporizing liquid (Chlorobromethane) B and C

CO2 (Carbon dioxide) B and C

..,
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Chapter 2

ELECTRONIC MATHEMATICS

2-1. This chapter reviews the rules of signed
numbers, discusses powers of 10, and
e xplains how to convert any number to the
standard power of 10 notation. Next, it
covers how to multiply and divide, expand
to powers, and extract roots of numbers
e xpressed in powers of 10. A very important
application of powers of 10 is the use of
e lectronic prefixes to designate very small
and very large numbers in electronic
measurement. You must be able to convert
standard prefixes to powers of 10, and powers
of 10 to standard prefixes, and change
either of these to numerical values. Finally,
you will find a study of equations and an
example of how mathematics is used in
electronics.

2-2. Signed Numbers

2-3. A signed number expresses a quantity
and a direction from a reference or starting
point. The number represents the unit of
measure; the sign shows the direction from
this reference point. If all numbers in one
direction from zero are positive, then all
numbers in the opposite direction will be
negative. If numbers above zero are positive,
all numbers below zero will be negative. The
absolute value of a negative number is the
same as the corresponding positive number.
A negative 1000 volts of electricity is quite
as dangerous as a positive 1000 volts. So
remember, the sign of the number only
indicates a direction.

2-4. Electronic mathematics requires a
knowledge of the rules for multiplying,
dividing, adding, and subtracting signed
numbers. These rules will be discussed and
illustrated in the following paragraphs. To
understand the idea of direction of numbers
look at the number line below.

.4 -3 -6

8

Starting at zero and moving to the left
are numbers without signs. They are under-
stood to be positive (+) numbers. To the
right of zero are negative (-) numbers.
This scale may be used to add and subtract.
For example, add +4 to a -3. To do this,
find -3 on the number scale and count 4
in a positive direction (to left). The answer
is a positive one. Now, to subtract -4 from
+3, start at +3 and count in a negative
direction (to the right) 4 places. The answer
is -1. There are also rules to guide you
in performing the various operations.

2-5. Adding signed numbers. When adding
numbers with like signs. (+, +) (-, -), the
answer retains the same sign. See the
examples below:

a. 3
+8

d. -1
4 -6

b. 93
+7

155

c. 8.3
+.4
8T

When adding numbers with unlike signs,
disregard the signs. Subtract the smaller
number from the larger and express the
remainder with the sign of the larger number.
See the examples below:

a. -10
+3

7

b. 170
4-70
100

c. -8
+9L

83

The important things to remember are:
Disregard the signs of the numbers, subtract
the smaller number from the larger number,
and express the remainder with the sign
of the larger number.
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2 -8. Subtracting signed numbers. Subtraction
is the reverse operation of addition. This
means that a subtraction problem is solved
by changing the sign of the number being
subtracted and adding the two numbers. The
following examples illustrate the process;

(The signs in parenthesis are reminders
that the sign of the subtrahend must
be changed)

6

3

3

-8

I:11
-8

JAW.
-9

-3

-3

-3

W:1-
9 +3

If you know how to add signed numbers,
subtraction is easy. All you do is change
the sign of the number being subtracted
and proceed as in addition.

2-7. Multiplying signed numbers. When
multiplying signed numbers there are two
rules to remember; 1) Like signs (+, +) (-, -)
ALWAYS yield a POSITIVE answer when
multiplied together. See the examples:

a. 3x5 =15

b..3x-5 =15

c, 8x 5=40

d. -1x-6=8

e. -4 x -10 = 40

9
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The second rule is: 2) Multiplying unlike
signs ( +, ..) (., +) ALWAYS yields a NEGATIVE
answer. See the examples:

a. -4 x 5 = .20

b. 8 x -3 a -24

c. -3x 10 0 .30

d. 4 x .8 = .32

2-8. Dividing signed numbers is covered
later on in this text where you will be
dividing powers of 10.

2.9. Power of Ten

2-10. Definitions used in powers of 10 are
as follows:

a. BASE NUMBER The number to be
multiplied by itself. In powers of 10 the
base number is 10.

b. EXPONENT - The power of a number.
The number of times a base number is
multiplied by itself.

c. NUMERICAL COEFFICIENT - The
number preceding the base number and
exponent.

numerical coefficient-04 x 203 exponent

Nast number

Figure 2-1, Powers of Ten

2-11. When the base number 10 is expressed
with an exponent, it is called a POWER OF
TEN. This means that 10 is multiplied by
itself the exponent number of times. For
example:

10
0 = I

101 = 10

102 = 10 x 10 or 100

103 = 10 x 10 x 10 or 1,000

104 = 10 x 10 x 10 x 10 or 10,000

3 I-2.



Listed below are more powers of 10:

105 * 100,000

106 1,000,000

,le * 10,000,000

106 le 100,000,000

109 = 1,000,000,000

1010 = 10,000,000,000

1
10

1 100,000,000,000

1012 = 1,000,000,000,000

2-12. Notice that the number of zeros, in
each case, equals the exponent. Notice also
that the exponents are all positive. You
will also work with negative exponents which
designate fractional or decimal numbers.
Some of these are listed as follows:

1/10 = 0.1 = 10-I

1/100 = 0.01 = 102

1/1,000 = 0.001 = 10-3

1/10,000 = 0.000 1

1/100,000 = 0.00001 = 10-5

1/1,000,000 = 0.009001 = 104

Powers of 10 such as 10-3, 10-6, and 10-12
are common in electronics.

2-13. Powers of 10 are used in electronics
because they:

a. Simplify calculations.

b. Provide a convenient method of
expressing very large or very small numbers.

2-14. Any number can be expressed as a
quantity between 1 and 10 multiplied by
the proper power of 10. The standard method
of conversion is to move the decimal point
so that one digit is to the lead the decimal;

10

then multiply thi4 digit by the proper power
of 10 so that the value of the number does
not change. Here are some examples of
numbers expressed in powers of 10, using
a numerical coefficient:

4,000 4 x 103

438,000 n 4.35 x 105

.002 = 2.0 x 10-3

0.000 067 3 a 6.73 x 105

2-15. Before moving a decimal point,
there are these two rules: 1) Moving the
decimal point to the left will generate
positive exponents, and 2) Moving the decimal
point to the right will produce negative
exponents. Now, let's analyze the steps
involved in making conversions to powers
of 10.

2-16. Converting ANY number to powers
of 10 is done in three steps:

a. Move the decimal point left or right
in order to get a numerical coefficient
between 1 and 10.

b. Determine the POLARITY of the
exponent by the direction the decimal point
was moved.

c. Determine the value of the exponent.
The exponent is equal to the number of
places the decimal point was moved.

2-17. Conversion of numbers greater than 1.
The number 300 is greater than 1; let's
convert it to powers of 10 following the three
steps.

a. Move the decimal point until you have
a number between 1 and 10:

300 = 3.00

b. Determine the polarity of the exponent
by the direction the decimal point was
moved. In this case, LEFT 04.
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c. Determine the value of the exponent.
The exponent is equal to the number of
places the decimal point was moved. In
this case, two places.

300 21 3 x 10+2

The answer to this example is: 300 3 x 102.

NOTE: The positive sign is not written
because it is understood that all numbers
are positive unless they are marked negative.

EXAMPLE: Convert 4,200 to powers of 10.

a. Convert the original number to a
numerical coefficient between 1 and 10.

4,200 4.2

b. Determine the polarity of the exponent.
The exponent will be positive because the
decimal point was moved to the LEFT.

= 4.2 x 10+

c. Determine the value of the exponent.
The exponent is 3 because the decimal point
was moved three places to the LEFT.

= 4.2 x 103

The answer to this example is

4,200 = 4.2 x 103

2-18. By now you should see the similarity
between the second and third steps in
conversion. Moving the decimal point
determines BOTH the polarity and magnitude
of the exponent. Work the following problem
and combine the second and third steps:
Convert 830 to powers of 10.

a. Convert the original number to a
numerical coefficient between 1 and 10.

830 = 8.3

b. Determine the polarity and value of
the exponent. The decimal point was moved
to the LEFT (+), two places, so:

830 = 8.3 x 102

2-10. Combine all three steps and convert
216 to powers of 10.

Convert the original number to a numerical
coefficient between 1 and 10 and determine
the polarity and value of the exponent. The
answer is:

216 = 2.16 x 102

2-20. Conversion of numbers less than one
is accomplished by following the steps listed
in paragraphs 2-15 and 2.16. The only
differences will be the direction the decimal
point is moved to obtain the numerical
coefficient, and the polarity of the exponent.

Example 1: Convert .018 to powers of 10.

.018 = 1.8 x 10-2

in example 1, the decimal point was moved
two places to the right (-2) to get the
numerical coefficient between 1 and 10.
Moving the decimal point to the RIGHT
will ALWAYS make the exponent negative
(-); so the value of the original number
is not changed. The farther to the right
the decimal point moves, the larger
the NEGATIVE exponent must be.

Example 2: Convert .0000042 to powers
of 10.

.000 004 2 = 4.2 x 104

In example 2, the decimal point was moved
six places to the RIGHT (-6) to get a
numerical coefficient between 1 and 10.
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Example 3: Convert .186 231 topowers of 10.

.186 231 = 1.862 31 x 10_I

In example 3, the decimal point was moved
only one place to the RIGHT (-1) to get
a numerical coefficient between 1 and 10.
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2-21. For numbers already between 1 and
10, you do not move the decimal point at
all. The exponent is ZERO (0). For example:
8.741 may be written as 6.741 x 100. Since
100 =1, the value of the number has not
been changed. Four can be written
as 4x100, and so forth.

2-22. MULTIPLICATION using powers of 10.
When multiplying using powers of 10, there
are four steps in solving ANY problem:

a. Convert the numbers to be multiplied to
powers of 10.

b. Multiply the numerical coefficients.

c. ADD the exponents.

d. Express the answer's numerical
coefficient between 1 and 10.

Example: Multiply 300 x 400 using powers
of 10.

a. Convert the numbers to be multiplied
to powers of 10.

(300) x (400)

(3 x 102) x (4 x 102)

b. Multiply the numerical coefficients.

(3x 102) x (4x 102) = (3 x 4) x 1.02 x 102

or = 12 x 102 x102

or

c. ADD the exponents.

12 x 102 x 102 = 12 x 10(2+2)

= 12 x 104

d, Express the answer's numerical co-
efficient (12 in this example) as a number
between 1 and 10 times the correct power
of 10.

12 x '04 . 1.2 x 104 x 101

or 1.2 x 10
(44) = 1.2x 105

12

Finally, this example can be written:

300 x 400 = 1.2 x 105

2-23. Now work two more examples
following the four steps.

Example 1: Multiply 36,000x500,000using
powers of 10.

a. Convert the numbers ts) be multiplied
to powers of 10.

(36,000) x (500,000)

(3.6 x 104) x (5 x 105)

b. Multiply the numerical coefficients.

(3.8 x 104) x (5 x 105) = (3.8x 5)x ie x105

or = 18 x 104 x 105

or

c. ADD the exponents.

18 x 104 x 105 = 18 x 10(4+5)

= 18 x le
d. Express the answer's numerical co-

efficient as a number between 1 and 10
times the correct power of 10.

18 x le : 1,8 x 10(9+1)

or = 1.8 x 1010

NOTE: Again, the decimal point had to be
moved one place to the LEFT (+1) to obtain
the correct numerical coefficient. This +1
was added to 9.

Example 2: Solve using powers of 10,
12,000 x 160,000.

a. Convert the numbers to be multiplied
to powers of 10.

(12,000) x (160,000)

(1.2 x 104) x (1.8 x 105)
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b. Multiply the numerical coefficients.

(1.2x104)x(1.6x 105) 4 (1.2x 1.6)x104 x105
Yom. .. - , ....r
or 1.92 x 104 x 105

c. ADD the exponents.

1.92 x 104x ie . 1.92 x 10(4+5)

or 'e 1.92 x 109

d. The answer's numerical coefficient is
already between 1 and 10.

2-24. In solving any multiplication problem
using powers of 10, the same four steps are
ALWAYS followed. Here are two examples
where a number greater than 1 is multiplied
by a number less than 1.

Example 1: Multiply using powers of 10,
200,000 x .045.

a. Convert the numbers to be multiplied
to powers of 10.

(200,000) x (.045)

(2 x 105) x (4.5 x 102)

b. Multiply the numerical coefficients.

(2x105)x(4.5x 10-2)=(2x4.5)x105 x10-2

or

or

= 9 x 105 x 10-2

c. ADD the exponents.

9 x 105 x 10-2 = 9 x 1054'2)

= 9 x 103

d. The numerical coefficient of the answer
is already between 1 and 10. The exponents
are signed numbers, and in step c you had
to add two numbers with different signs.
The rule used on this problem is: Adding
a NEGATIVE number is, mathematically, the
same as SUBTRACTING a POSITIVE number.

Example 2: Multiply using powers of 10,
.0005 x 2,000.

a. Convert the numbers to be multiplied
to powers of 10.

,.

(.0005) x (2,000)

(5 x 10) x (2 x 103)

b. Multiply the numerical coefficients

(5 x 10-4) x (2 x iO3) . (5 x 2) x 10-4 x 103

or 12 10x 10-4x 103

or

c. ADD the exponents.

10 x 10-4 x 103 a 10 x 10(.4+3)

= 10 x 10- 1

d. Express the answer's numerical co-
efficient as a number between 1 and 10 times
the correct power of 10.

10 x 10-1 = 1 x 10(4+1)

or = 1 x 100

REMEMBER: Exponents are signednumbers
and adding r ...:al numbers of opposite sign
will equal -c go.

13
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2-25. So far in your study of multiplying
powers of 10 you have covered multiplying
two numbers larger than one, and a number
larger than one times a number less than
one. Now work two examples of multi-
plying two numbers, both of which are less
than one.

Example 1: Using powers of 10, multiply
.015 x .000 02.

a. Convert the numbers to be multiplied
to powers of 10.

(.015) x (.00002)

(1.5 x 10-2) x (2 x 10-5)

3/



b. Multiply the numerical coefficients.

(1.5 x10-2)x(2x 104)(1.5x2)x104x10-3

or a 3 x 10-2 x 10.5

c. ADD the exponents.

3 x 10-2 x 10-5 = 3 x 10-24(.5)

or = 3 x 10-7

d. The answer's numerical coefficient is
already between 1 and 10.

Example 2: Multiply .00025 x .000021
using powers of 10.

a. Convert the numbers to be multiplied
to powers of 10.

(.000 25) x (.000021)

(2.5 x 10-4) x (2.1 x 10-5)

b. Multiply the numerical coefficients.

(2.5 x10-4)x(2.1 x10-5)=(2.5 x 2.1)x10-4

x 10-5

or

Or

= 5.25 x 10-4 x 10-5

c. ADD the exponents.

5,25 x 10-4 x 10-5 = 5.25 x 10-4+(-5)

= 5.25 x 10-9

d. The answer's numerical coefficient is
already between 1 and 10.

2-26. DIVISION OF NUMBERS USING
POWERS OF TEN. The division of 6,000
by 300, can be mathematically expressed as:

6,000
Tor

The first step is to convert 6,000 to 6 x 103
and 300 to 3 x 102. Then. write the problem
as:

14

6 x 103

3 x 10

The next step is to divide the numerical
coefficient in the denominator into the
numerical coefficient of the numerator. This
part of the problem is written as:

6
3

311 2

The next step for division is to subtract
the exponent of 10 in the denominator from
the exponent of 10 in the numerator:

103 3-2 1
52 = 10 10

10

Combine the two parts and the answer is:

2 x 101

2-27. The basic rules for dividing:

a. Convert the number to be divided to
powers of 10.

b. Divide the numerical coefficients.

c. Combine the exponents by subtraction,
bring the denominator's exponent above the
line, change its sign, and add it to the
numerator's exponent.

d. Express the answer's numerical co-
efficient between 1 and 10 times the correct
power of 10.

Example 1:

.006 6 x 10-3
763- = = 2 z 103 -( -2}

3

= 2 x 10442 = 2 x 10-1

Example 2:

.000005 4 5.4 x 100 A v 1e6-(-5)=

9

= .6 x 10-643 = .6 x 104

=6 x 10-2



Example 3:

80,000 8 X 104 4 x 104+7)
766=2 7-777x10

= 4 x 1044 = 4 x 1011

Example 4:

.0008 8 x lel . 4 x lo4.7
l0.000,000

s "2x lor
4 x 10-11

Example 5:

o
1 l x lo5 - / . .4 x 1004

2.5 x 10

= .4 x 10-1 = 4 x 10_2

Example 8:

2
10°

=
10

= 102-3 = lel .1 x lel

b. The second rule states that the
numerical coefficients are divided as
shown helm: ,.

4 x le .8 x 105

57t10_14 7712

c. Now, the third rule states, bring tho
exponent above the line, change its sign,
and add:

or

.8 x 10 .8 x 10544+2)
7712-0

:I .8 x le
d. Finally, the fourth rule for dividing

powers of 10 says that the answer must
be a number between 1 and 10 times the
correct power of 10:

or

.8 x 107 = 8 x 107 x 10-1

= 8 x 108

3/1

10

Example 7:

le 1 x 104
AO
,.. _4-1

. X Lu
4 x 10

ea .20 x 103 , 2.5 x 102

2-28, The third rule for division states
that you can also bring the denominator's
exponent above the division line, change its
sign, and add it to the numerator's exponent.
Of course, the other three rules must
still be followed. Solve an example
problem using this other method of satisfying
the third rule:

Example 1: 400,000/.05

a. First rule is to convert the numbers
to be divided to powers of 10:

400,000 4 x 105
(Fg = 25 x 10

15
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2-20. Now solve some additional problems
using this alternate method for dividing
powers of 10:

Example 2: 8,000/.04

a. Convert the numbers to powers of 10:

8,000 8 x 103
.-Cir = =2

4 x 10

b. Divide numerical coefficients:

8 x 103 2 x 103
--71 = =2-4 x 10 10

c. Bring the exponent above the line,
change its sign, and add it to the numerator's
exponent:

or

2 x 10.:Jr3 = 2 x 1031( +2)
10

= 2 x 10
s



d. Express the answer as a numerical
coefficient between 1 and 10 times the correct
power of 10. However, "2 x 105" is already
expressed correctly, so the fourth rule is
satisfied.

Example 3: .000 09/450

a. Convert the numbers to power of 10:

.000 09 9 x 10.5

4.5 x 104

b. Divide numerical coefficients:

9 x 10-5 2 x 10-5

4.5 x 10 10

c. Bring the exponent above the line,
change its sign, and add:

or

2 x10-5 2 x 10.5+(-2)2--
10

= 2 x 10-7

d. The answer is already expressed as
required by the fourth rule.

Example 4: 21,000/.007

a. Convert to powers of 10:

21,000 2.1 x 104o"= --a7 x 10

b. Divide numerical coefficients:

2.1 x le .3 x 104---3. =r.7 x 10 10

c. Bring the exponent above the
change its sign and add:

.3 x 104---:3 2 .3 x 1044(3).
10

or = .3 x 107

line,

16

d. Express the answer's numerical co-
efficient as a number between 1 and 10
times the correct power of 10.

.3 x 107 a 3 x107 x10"1

or xi 3 x 106

Example 5: .000 006/.000 003

a. Convert to powers of 10:

.000 006 S x 10.6
ISOrdira .----El3 x 10-

b. Divide numerical coefficients:

6 x 10.6 2 x 10.6---7.
3 x 10 10"

c. Bring above the line, change the sign,
and add:

or

2 x 10.6 It 2 x 10-6f(f6)
10-

= 2 x 100

d. Express the answer's numerical co-
efficient as a number between 1 and 10
times the correct power of 10. The answer
is expressed correctly.

2-30. ADDITION AND SUBTRACTION WITH
POWERS OF TEN. A basic rule in all addition
and subtraction is that you can only combine
LIKE quantities. In order to add or subtract
numbers that contain powers of 10, it is
necessary for the exponent of the 10 to be
the same.

Example 1:

(6 x 103) 4. (3 x 103) a 9 x 103

As shown by example 1, to add numbers
with powers of 10, add the numerical
coefficients and keep the same exponent
of 10. If the exponents are not the
same, change the exponents to make
them alike before adding the numbers.

329
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Example 2:

(00 x 104) + (6 x 106)

In order to add these numbers, change the
exponents to the same value. To do this,
you can change the 90 x 104 to 9 x le.
The exponents are now equal and you have
the following problem.

(9 x 105) + (6 x 106) = 15 x 105

Express the final answer as a number between
1 and 10 times the proper power of 10 by
writing the answer as 1.5 x106.

Examples:

340,000 + 75,000 = (340 x 103) + (75 x 103)

a 415 x 103 = 4.15 x 105

.0036 + .0125 wg (.36 x 10-2) + (1.25 x 10-2)

= 1.61 x 10-2

2 -31. To subtract numbers that contain
powers of 10, the same principles apply
as used in addition. The 10's must have the
same exponent. The numerical coefficients
are subtracted, but the same power of 10
is retained. The final answer should be
expressed as a number between 1 and 10
times the proper power of 10.

Examples:

340,000 - 75,000 = (340 x 103) - (75 x 103)

= 265 x 103 = 2.65 x 105

.0125 - .0036 = (125 x 104) 10.4)

i, ,,,-4
- 69 x 1U = 6.9 x 10-3

2-32. To square a number containing a power
of 10, first square the numerical coefficient
and then multiply the exponent of 10 by 2.

Examples:

(3 x 104)2 = (3)2 x (104)2 = 9 x 106

17

33n

(.006)2 . (6 x l0'3)2 . 36 x vre

= 3.6 x 164

2-33. To cube a number, cube the numerical
coefficient and then multiply the exponent of
10 by 3.

Examples:

(5 x 102)3 = (5)3 x (102)3 = 125 x 106

. 1.25 x 106

(.003)3 = (3 x 10-3)3 = 27 x leg

= 2.7 x lee

2-34. To take the square root of a number
with a power of 10, first take the square
root of the numerical coefficient and then
divide the exponent of 10 by 2.

Example 1:

r9 x 101 =-V; x F410

= 3 x 104/2 = 3x 102

Example 2: Take the square root ofri-360 x 105:

To extract the square root, the cxponent
must be an even number. To convert to
an even power of 10, move the decimal
one place. In this case, if the decimal
is moved to the left one place, you would
have:

F73x10 .= 6 x 103

The square root of 36 is 6, and the square
root of 106 is 103. To take the square root
of an exponent, divide the exponent by 2.

Example 3:

-1/.0714 a VT744x 10 = 6 x 102

3A0



Table 2-1

ELECTRONIC TERMS

NUMBER
POWER
OF TEN PREFIX SYMBOL

1 000 000 000 000 1012 tera T

1 000 000 000 le giga G

.1 000 000 106 mega M

1 000 103 kilo k

MO le hecto h

10 101 deka da

0.1 10
1

deal d

0.01 10-2 tend c

0.001 le 3 miiii m

0.000 001 106 micro ss

0.000 000 001 10-9 nano n

0.000 000 000 001 10-12 pico p

Table 2-2

PREFIX STUDY

NUMBER
POWER
OF TEN PREFIX SYMBOL

1 000 000 106 mega M

1 000 103 kilo k

0.001 10 3 milli m

0.000 001 10-6 micro ss

0.000 000 000 001 10-12 pico p

18

Example 4:

.00.F07t .0038. V9 x 10-4 x 38 x 10-4

m .1/-327t lee a 18 x lfr 41

= 1.8 x le3

2-35. Electronic Prefixes

2-38. You will become acquainted with the
electrical terms resistance, voltage, and
current in later lessons. Some other terms
You will become acquainted with are
inductance, capacitance, power, and
frequency. These are all terms referring
to electrical values. Since these electrical
values range from much less than'one to
much greater than unity, specific prefixes
and symbols are used to simplify expressing
their values.

2.31. Electronic technicians use certain
POWERS OF TEN so much that special
"names" and "symbols" have come into
use. The names are prefixed to the standard
unit. For instance, a thousand is a very
common multiple. The symbol for a thousand
is k and its prefix is kilo.

2-38. One thousand volts is called 1 kilovolt
and is expressed as 1 kV.

2-39. One thousand ohms is called 1 kilohm
and is expressed as lkSt.

2-40. Numbers along with their powers of
10, prefixes, and symbols are listed in
table 2-1. This information will help you
determine component values in the circuits
you will study later.

2-41. Five of the prefixes listed in table 2-1

are worthy of your study at this time. They
are listed in table 2-2.

2.42. Table 2-3 shows how the prefixes
appear when resented on a number line.
Note that 10u, or IL, is the units place,
and can represent such units as ohms,
amperes, volts, and watts. Moving LEFT
from units you have POSITIVE exponents, and
moving RIGHT from units yat have NEGATIVE
exponents. This is similar to the number
line studied in paragraph 2-4.
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Table 2-3

PREFIX SCALE

Mega (M) Kilo (k) Units Milli (m)
. .

Micro Cu) 141no (n) Pico (p)

10
6

1103 0
0

2-43. Conversion to Prefixes. Changing any
number to a prefix is actually changing the
number to a specific power of 10, the power
of the 10 that the prefix represents. This
conversion is accomplished in the following
three steps:

Step 1: Rewrite the prefix as the power of
10 it represents.

Step 2: Move the decimal point of the
original number to equal the polarity
and numerical value of the exponent.

Step 3: Express the answer using the prefix
and the original unit of measure.

Here are some examples using these
three steps.

Example 1: 8,000 volts = ? kilovolts.

Step 1: Rewrite the prefix as the power of
10 it represents.

6,000 volts = ? x 103 volts

(Kilo represents 103.)

10-3 10.6 10.9 10-12

Step 2: Move the decimal point of the
original number to equal the polarity
and numerical value of the exponent.

8,000 volts = 8.0 x 103 volts

(The exponent was positive 3, so the decimal
point was moved LEFT () three places.)

Step 3: Express the answer using the prefix
and the original unit of measure.

8 x le volts = 8 kilovolts

or 8 kV using the symbols for kilo (k) and
volt (V).

19

(-) r) r)%OIL* 4,

Example 2: 2 amperes ? milliamperes,
restated Siting symbols:

2 A = ? mA

Step 1: Rewrite the prefix as the power of
10 it represents.

2A = ? x 10-3A

Step 2: Move the decimal point of the
original number to equal the polarity and
numerical value of the exponent.

2A= 2,000 x 10-3A

(The exponent was negative 3 (-3), so
the decimal point was moved RIGHT (-)
three places.)

Step 3: Express the answer using the prefix
and the original unit of measure.

2,000 x 10-IA = 2,000 milliamperes,

or 2,000mA.

Example 3: .02 A = ! mA.

Step 1: Rewrite the prefix as the power of
10 it represents.

.02A = ? x 10-3A

Step 2: Move the decimal point of the
original number to equal the polarity and
numerical value of the exponent.

.02 A = 20 x 10-3 A

(The exponent was again negative 3 (-3),
so the decimal point of the original number
was moved RIGHT (-) three places.)



a

Step 3: Express the answer using the prefix
and the original unit of measure.

20 x 10.4A 20 milliamperes, or 20mA

2-44. Converting from a prefix to units.
Any time a number with a prefix is changed
back to units, you are really changing a
number times a power of 10 to a number
times 100 (times 1). If a person walks a
mile, stops and turns around, then walks
back to where he started, he had to change
directions. The decimal point starts at
units (100) and moves LEFT or RIGHT when
changing a number to powers of 10, and has
to go in the opposite direction to change
the power of 10 back to the original number.
As an example, in changing 2,000 to 2 x103,
the decimal point has to move LEFT three
places. To change 2 x 103 back to units
(100), the decimal point has to move three
places to the RIGHT. Writing this last
statement mathematically:

2 x 103 = 2,000 x 100, or 2,000

This whole idea can be simplified if you
remember that units place equals 100. What
do you add to a positive 3 in order to get
0? You add a negative 3, naturally; 3 +( -3) =0;
and polarities of exponents tell us the
direction the decimal point is moved: LEFT
(+) and RIGHT (-). Therefore, in the example
the decimal point had to move three places
to the RIGHT (-3) to cancel out the positive
3 exponent and get back to units.

Example 1: 200 milliamperes = 7 amperes,
or using symbols:

200 mA = 7 A

The prefix milli (m) stands for 10 -3, and
that amperes is units, or 10° . Rewriting
this example substituting what you know:

200 x 10-3A = ? x 100
A

Looking at the exponent, you see a negative
3 (-3). What do you add to a negative 3
in order to get 0? You add a positive 3.0K,
the decimal point has to be moved in the

positive direction (LEFT) three places in
order to cancel out the negative 3 exponent.

200 x 10-3A a .2 x 100
A, or .2 A

Example 2: 20,000uA a ? A.

The prefix micro (u) stands for 104, and
A is units (100). Substituting this information,
we have

20,000 x 10e A = ? x 100
A

The exponent here is negative 6 (-6), which
means that the decimal point was moved
six places to the RIGHT in order to get
microamperes. In order to get back to the
units (100) place, the decimal point has
to move six places to the LEFT (+6), or
-6 + (6) 0 0. Now the example can be written:

20,000x 10 6A = .02 x 100A or .02A

Example 3: 56kSt = ! St . (ale the symbol
for ohms.)

The prefix k, or kilo, stands for 103 and
n, is units (100).Substitute this information;

56 x 103St = 7 x 10ost

Ths exponent is positive 3(43). You want to
return to 0; what do you add? You would
add a negative 3 (-3)1, The decimal
point has to move MGM three places (-3).
Now you have:

0
56 x test .56,000 x 100, or 56,000

2-45. Because prefixes representfrequently
used powers of 10, they are convenient to
use. As an example, kilo may be substituted
for 103 in the todowing:

5 x 103 meters

10 x 103 watts

38 x 103 ohms

20 333

= 5 kilometers, or 51cm

= 10 kilowatts, or 10 kW

= 38 kilohrns, or 38ka

3a3
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Mill (m) is equal to 10-3. Now substitute AXIOM 4: Dividing BOTH sides by the
milli for 10.3: SAME number.

5 x 10-13 amperes 5 milliamperes, or 5 mA
,..

AXIOM 5: Terms equal to a third term
430 x 10.3 watts 430 milliwatts, or 430 Ms/ are equal to each other.

6 x 10-3. meters = 6 millimeters, or 6 mm AXIOM 6: Raising BOTH sides to the
SAME power.

2-46. Converting units to prefixes, prefixes
to units, or even prefixes to prefixes, is AXIOM 7: Taking the SAME root of
accomplished by simply moving the DECIMAL BOTH sides.
POINT.

2 -47. Equations 2-52. Some applications of these axioms are:

2-48. To successfully analyze and solve Example 1: X - 5 = 12
electronic problems requires the use of
formulas which are expressed as equations. To find the value of X, use axiom 1 and addA review of the techniques involved in tosolving equations will provide the basis for 5 each side of the equation:

solving electronic formulas. X- 5 *5=12 *5

2-49. An equation is a mathematical
statement that two quantities are equal.
The quantity to the left of the equal sign in
the equation 7 4. 1= 5 * 3 is equal to the
quantity to the right of the equal sign.
Think of it as a precision - balanced scale.
The equation is balanced when you begin to
work with it, and you must keep it in balance
as you work toward a solution. You can add,
subtract, multiply, divide, raise to powers,
and extract roots within an equation pro-
viding you do exactly the same thing to
both sides of the equation.

Example 2:

X = 17

X *10 = 20

In this example, use axiom 2 and subtract
10 from each side of the equation:

X *10 - 10 = 20 - 10

x = 10

2-50. Equations are solved through the use Example: 3
of axioms. An axiom is a truth or fact that
in self-evident and needs no proof. X

=2 12
5

2-51. The axioms below can be applied to
any equation without changing the equality:

AXIOM 1: Adding the SAME number to
BOTH sides.

AXIOM 2: subtracting
from BOTH sides.

the SAME number

Use axiom 3 and multiply both sides of
the equation by 5.

Xx5=12z5
5

X x 5= 12 x 5
5 1

AXIOM 3: Multiplying BOTH sides by the
SAME number. X 7. 60

21
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Example 4: 5X 85 Look at another example to be sure you
understand the process.

Divide each side of the equation by 5

5X 85
T ' r To solve this one, move the unknown term

X 01 17 (-6X) to the left side and the known term to
the right.

Example 5; 11.X = M and Z M then X Z

I3X - 8 11 6X

13X + 6X = 11 + 8
Terms that are equal to the same term are
equal to each other. The 6X was moved to the left side and

became +6X; the -8 was moved to the right
Example 6; X = 5 side and became a +8.

Both sides may be squared and the result is

X2 = 52

Or X2 = 25
19X = 19

Example 7: X2 rz 36
X a 1

The problem can be completed by combining
terms and using the division axiom:

Take the square root of both sides.

X = 6

2-55. Cancellation

2-56. If the same number, with the same
sign, appears in both members, both may
be removed by cancellation.

2-53. Transposing Terms Suppose 5X - 7 + 5 = X - 7 + 9

2-54. When solving equations it is often helpful You can drop -7 from both members and have
to rearrange some of the terms by moving
them from one side of the equation to the 5X + 5 = X +9 (AXIOM 1)
other. This can be done if the sign uf the
term is changed. For example: 5X-X=9- 5 (AXIOM 2)

13X 15 = 11 is the sarne as 4X = 4

13X = 11 + 15 X =I (AXIOM 4)

Here, the -15 on the left side of the equation 2-57. Changing Signs in an Equation
was moved to the right side. It was negative
15 on the left side; when it moved to the right 2-58. All signs in an equation can be changed
side it became a positive 15. (This is the by multiplying both aides of the equationby -I.
same as adding 15 to both sides of the
equation). -8X + 40 = -2X - 10

To complete the solution Multiply by (-I):

I3X = 26 8X - 40 = 2X + 10 (AXIOM 3)

X = 2 2-59. Solution of Simple Equations

22
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2 -80. By the application of AXIOMS,
\...., transposition, and cancellation, the solution

of equations becomes a series of easy steps.

''..

Example 1:

Solve

or

111 =27

3X *27 x 4

3X 106

x_108
3

X = 36

Example 2:

Solve 13 = 4Y - 7

13 + 7 = 4Y

20 = 4Y

20
4

=Y

5 = If

(AXIOM 3)

(AX1OM 4)

(AXIOM 1)

(AXIOM 4)

Once you have solved for the unknown, you
can also check yourself by substituting your
answer for the unknown in the original
problem as shown below:

Example 1:

Example 2:

II = 27

3 x 36 - 27
4

106
4

=27

27 = 27

13 = 4Y - 7

13 = (4 x 5) - 7

13 = 20 - 7

13 13

BOTH answers check out correctly.

2-61, When working electronic equations,
you may run into problems that contain
fractions as well as unknowns. Take this
problem as an example:

At
A3 2 11_L3

This problem contains three fractions. To
remove the fractions, you must find the
LOWEST COMMON DENOMINATOR. The
lowest common denominator is a number
that all of the divisors can be divided into
evenly. In these three fractions the
denominators are 3, 2, and 3. What would
be the lowest number thatthese denominators
can be divided into evenly. Wouldn't 6 be
the lowest common denominator? Multiply
all terms by 6 and see what happens.

Example

-IX!) = 6(1) -'03(1)3 2 3

2(4Y) - 3(3) = 2(Y) 6

BY - 9 2Y - 6

The fractions have been removed; 6 was
the lowest common denominator. Now finish
the example:

23
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BY - 9 = 2Y - 6

BY r. 2Y -6 +9

BY = 2Y + 3

8Y- 2Y = 3

6Y = 3

3Y= i

1Y=
2
or .5

(AXIOM 1)

(AXIOM 2)

(AXIOM 4)

3.26



Check the answer; Chock the answer by substituting 3 for It:

8(.5) 9. 2(.5) y 6 26 f 6(3) 14(3) 2

4 - 9 le 1 - 6 25 15 42 2

-5. -5 40 40

This is another example which contains Example 3:
fractions.

Example 2:
5 1i-i.0

5 1 7Y - 1 Once more the problem must be changed
2Y 2 5Y to one with no fractions before proceeding,

by finding the lowest common denominator.
The two denominators are 6 and 3X; re-

The three denominators are, 2Y, 2, and member, if the unknown' (X in this example)
5y. is part of any denominator, it must be

a part of the lowest common denominator.
What would be the lowest common

Since the unknown, Y, is a part of two denominator in this case? Well, 6 is the
denominators, it must be part of the lowest lowest number that the two denominators can
common denominator, be divided into evenly, but one denominator

has an unknown, X. This means the lowest
common denominator is 6X. So multiply

The number 10 seems to be the lowest all terms by 6X to remove the fractions.
common denominator, including the Y, which
gives 10Y as the lowest common denominator. 1-1 0Now multiply each term by 101 and see if 6 3X
the fractions are removed.

510Y(11)

5(5)

110Y()

# 51(1) =

7Y 1101ff)

2(7Y - 1)

25 5Y = 141 - 2

The remainder of the solution is:

25 5Y 14Y - 2

2 5 5 1 2 . 1 4 1 (AXIOM 1)

27 141 - 5Y (AXIOM 2)

27 = 9Y

27
9

3 Y

(AXIOM 4)

24

1
6X g) 6X(537) 6X(0)

1X(5) - 2(1) = 0

5X -2 =0

Now solve for the unknown:

5X 2 =0
5X 0 2

5X = 2

2
X =55

(AXIOM 1)

(AXIOM 4)

Check the answer by substituting it for X
IN THE ABOVE EQUATION:

5X- 2=0
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0 0

2 -62. Your work in electronics will involve
many formulas that contain more than one
unknown quantity, You must be able to
rearrange these formulas to find any quantity
in terms of the other quantities involved.

2-63. Given the equation I . E/R, you must be
able to rearrange these terms to solve for
E when given I and 11, and solve for R
when given I and E.

2 -64. U R is the unknown, the first stop Is
to move it to the left side of the equation.
To do this, use axiom 3. U you multiply
both sides of an equation by the same value,
you do not change the equality of the equation.
In this instance, multiply both sides by R.
The problem will look like this:

1 14
R

E
IR mR x R

Because R is in both the numerator and
denominator on the right aide, they cancel
each other. Therefore,

IR =E

This is still not the solution. You must
finish with the R alone on the left side. To
move the I to the right side, use axiom 4
and divide both sides by I as shown here:

IR E
1 1

Now I is in both the numerator and
denominator on the left side, so they cancel
each other. The solution is:

E
R 'T

25
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245. Next thing to solve for lathe numerator
E in the original equation, I fa E/R. In this
problem, multiply both sides by R:

EtxR R x Ft

IR in E

E = IR

2-66. The basic formula L.E/R is not only
the simplest formula used in electronics, it
is also the most commonly used. What the
equation actually states is that current (I)
is equal to voltage (E) divided by resistance
(R). When given any two of the three quantities,
you can solve for the third.

247. CONVERSION BY RULE OF THUMB.
As shown in figure 2.2, U you put your
thumb over the unknown quantity, the mathe-
matical process to follow is clearlyindicated.
For example, U you want the equation for
E, cover the E with your thumb.
The mathematical process to find E is then
clearly shown; its Wt. U I is the unknown,
cover it with your thumb to get E/R CE
divided by R). If R is the unknown, cover
the R to get E/I (E divided by I).

2-68. The rule-of-thumb is the shortest
possible route to the solution. You can use
either method, but you should find the rule-
of-thumb process the quickest. It is important
for you to learn how to find an unknown.

2-69. Another formula or equation which is
frequently used in electronics is P liEL
As you may have already suspected, this
formula also readily adapts itself to the
rule-of-thumb method. That is, U it is



Figure 2-3
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arranged as shown in figure 2»3, you can
find the unknown by covering it with your
thumb and then performing the indicated
mathematical process. If P is the unknown,
it can be found by multiplying E x I. U
E is the unknown, you can find it by dividing
P by I. If I is unknown, divide P by E.

2-70. The next type of equation is no more
difficult than the other equations. The most
important thing to remember is to apply
whatever axiom is necessary to get the
unknown by itself on the left side of the
equation in the final solution.

Given the equation A/B = C/D, solve for A.

In order to leave A by itself on the left
side, multiply both sides by B.

B x-4. --D x B
B

The Bs on the left side cancel each other.
Therefore,

CBA =
D

2-71. Start with the same equation and solve
for B. This problem involves a process
known as CROSS MULTIPLICATION. In cross
multiplication, multiply the numerator on
one side by the denominator on the other
side. Do this for both sides. It works like
this when solving for B:

A C
B D

Cross multiplying both numerators and
denominators results in the expression:

BC m AD

...

To move the C, divide both sides by C:

BC AD
C C

2 -72. Regardless of which side has the
unknown denominator, the process is the
same. Cross multiply to get rid of the
fraction, and then divide to leave the unknown
by itself.

2-73. Given the equation 21f faCc zi 1, solve
for f. Diiide both sides by everything on
the left - except the f. Then:

21 lac
1

2 d7rec aTE7-xc

On the left side everything will cancel out -
except the f. Therefore:

1f -
211 QC

c

2 -74. Indirect current circuits, the electronic
technician is concerned with three values:
voltage, current, and resistance.

2-75. The rule used to compute electrical
values is known as Ohm's Law. As stated,
"The current in a circuit is directly pro-
portional to the applied voltage and inversely
proportional to the resistance." Hence, I g
E/R where;

E = Voltage-measured in volts AV)

I = Current- measured in amperes (A)

R a Resistance-measured in ohms (.0. )

26 333
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2-76. Assume the circuit shown in figure
2-4 is a railroad lantern. It consists of a 6
volt battery, a switch, and a lamp with a
resistance of 2 ohms. The problem is to
find the current when the switch is closed.
I is equal to E divided by R or:

E/ ,
Et
--

Substitute the values for E and R. Then:
6 volts

I = 2 ohms

or

R =I

Substituting values:

sonR
3A,

or R a 311.

E

To solve for E, the formula is:

THEREFORE,

or

E=IxR

E En 3 A x 2 .n..

E= 6 V

2-76. The three forms of Ohm's Law are:

Resistance: wali, the answer is expressed
in ohms.

I = 3 amperes Current: DAM, the answer is expressed
in amperes.

2-77. All of the values in the circuit are
known. Use the formula for practice to prove
each value. Solve for R. The formula is:

27

310

Voltage: E=IxR, the answer is expressed
in volts.
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Chapter 3

.....

PRINCIPLES OF DC

3.1. All the effects of electricity can be
explained and predicted by assuming the
existence of a tiny particle called the
electron. Using the electron theory, scientists
have been able to make predictions and
discoveries which seemed impossible only
a few years ago.

3-2. This entire study of electricity is based
on the electron theory. The purpose of this
study is for you to learn the theory of
electricity, what it does, and how it does it.
You will use this information in studying
various electronic devices, how they work,
and how to repair them. The electron theory
will apply in this study to such things as
batteries, lamps, generators, motors, and
circuits leading to radio, radar, television,
and other equipments.

3.3. Structure of Matter

3-4. The electron theory assumes that all
electrical and electronic effects are due to
the movement of electrons from place to
place. Before working with electricity and
finding out what can cause the electrons to
move from place to place, knowledge of the
electron itself is necessary. Because the
electron is a part of the atom, understanding
the atomic structure of MATTER is the
starting point.

3-5. By definition, MATTER is anything that
occupies space and has weight or mass.
This means, of course, that everything is
matter. Paper, wood, cloth, air, metal, and
water are all examples of matter. Matter
exists in three states: SOLIDS, LIQUIDS,
and GASES. These are called STATES OF
MATTER.

A piece of iron is an example of matter
in a SOLID STATE.

29
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Water is an example of matter in a LIQUID
STATE.

Air is an example of matter ina0ASEOUS
STATE.

3.8. Matter can be further classified into
ELEMENTS, MIXTURES, and COMPOUNDS.
An ELEMENT is matter that cannot be
broken down by chemical means. The
combination of two or more elements with
NO chemical interaction results in a
MIXTURE. COMPOUNDSare corabinationsof
elements which DO interact chemically; the
elements lose their original identity, but
may be obtained again through chemical
processes.

3.7. SODIUM and CHLORINE are elements.
When properly combined, these two elements
form a compound commonly known as table
salt.

3-8. The HYDROGEN and OXYGEN gases are
elements. By combining these two gases,
the compound water results.

3-9. A single drop of water is a very small
amount. Spray this same drop through a tiny

nozzle under high pressure and the droplets
become too small to see individually, but
each is still water. The smallest possible
amount of water is called a MOLECULE
of water. The water molecule can then be
broken into its basic elements, hydrogen
and oxygen.

3.10. A MOLECULE is defined as the
smallest particle of an element or a compound
which can exist in a free state and still
be identified as that element or compound.
An ATOM is the smallest particle of an
element which still retains the
characteristics of the element.
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Figure 3-1

3-11. A simple atom is shown in figure 3-1.
Breaking this atom down reveals the presence
of several aubparticlea. These include the
ELECTRON, PROTON, and NEUTRON, The
center part of the atom is called the NUCLEUS
and contains the PROTON andthe NEUTRON.

3-12. The proton is represented by a circle
with a plus sign to indicate it has a positive
electrical charge. The neutron is neutral
(has no charge), and is represented by a
circle with no sign. The electron is a small
particle whirling around the outside of the
nucleus and is shown as a circle with a
minus sign to indicate it has a negative
electrical charge. The track which
the electron travels around the nucleus is
referred to as an energy level, orbit, or shell.

3-13. A hydrogen atom is shown in figure
3-2. lt is the simplest atom, consisting of
one proton in the nucleus, and one electron
in orbit. Since the two opposite charges
(4- and -) cancel each other, the entire atom
itself is electrically neutral.

3-14. A carbon atom is shown intigure 3-3.1t
contains the same particles as the hydrogen
atom, but in different quantities. The carbon
atom contains six protons and six neutrons
in the nucleus, and six negative electrons

ELECTRON

PROTON

Figure 3-2

REP4-459

NUCLEUS 16 PROTONS, 6 NEUTRONS)
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,,,.. 'i N/SECONO SHILL
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t
%0 I

I el)
I %

% J /... ,... e..
5)0

.. 0.
CARBON ATOM liffP4.430

Figure 3-3

in orbit in two shells or energy levels. The
charges cancel each other so the atom is
electrically neutral.
3-15. The difference between the atoms is
that they contain different numbers of the
same particles. An atom is electrically
neutral when it contains the same number
of positive charges in the nucleus as it
has negative charges in orbit. Moat atoms
are electrically neutral. If they are not
neutral, they are called IONS.

.3 -16. An example of an ion is shown in
figure 3-4. There are four protons in the
nucleus, but only three electrons in orbit.
The three negative charges do NOT cancel
the four positive charges, so the atom is not
neutral. lt is an 1ON. Since it has a deficiency
of electrons, it is called a POSITIVE 1ON.
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3-17. Another example of an ion is shown
in figure 3-5. Again, there are four protons,
but now there are live electrons. Raving an
excess of electrons, it is calledaNEGATIVE
1ON.

3-18. The atom in figure 3-4 lost one
electron in order to become a positive ion.
Likewise, the atom in figure 3-5 gained
one electron to become a negative ion.

Figure 3-4

X413At..41 3

REP4-461
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3-19. In order for an atom to become an
ion, it must lose or gain electrons in its
outer orbit. This gain or loss is called
ionization. Electrons in the outer orbit are
called VALENCE ELECTRONS. See figure
3 -6. "Valence" refers to the chemical
behavior of the atom.

3.20. Hydrogen combines with oxygen to
form the compound water. See figure 3.7.
It is assumed that the valence electrons
of the atoms share a common orbit. Valence,
then, refers specifically to the ability of
atoms to combine through chemical action.
Four atoms of hydrogen combine to form
two molecules of hydrogen and two atoms

0

0

0

0
0

NEUCLEUS

N

/ /

)

NQ \,

4) ( i) 1

+OW /

VALENCE
ELECTRONS

(OUTER ORBIT)

RSP4463

Figure 3-6

of oxygen combine to form one molecule of
oxygen. When the compound is formed, the
atoms of the elements combine to form
two molecules of water: 2112 +02 =2H20.

3-21. Review

MATTER - Anything that occupies space
and has weight or mass.

STATES OF MATTER - Solids, liquids,
and gases.

ELEMENT - In chemistry, a substance
that cannot, be broken up into other
substances by ordinary chemical changes.

O
o

000
000

MOLECULES
OF

ATOMS ELEMENTS
OF

ELEMENTS

Figure 3-7
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ATOM - The smallest particles into which
an element can be divided.

NUCLEUS - The positively-charged central
part of an atom.

NEUTRON - A neutral particle found in the
nucleus.

PROTON - A positively-charged particle
found in the nucleus.

ELECTRON - A negatively-charged particle
which is in orbit around the nucleus.

ION .. An atom that is not neutral.

POSITIVE ION - An atom which has a
deficiency of (lost) electrons.

NEGATIVE ION - An atom which has an
excess of (gained) electrons.

VALENCE ELECTRONS - Electrons in the
outer orbit of an atom.

3-22. Conductors, Semiconductors, and
Insulators

3-23. In this study of electronics, the
association of matter and electricity is
important. Since every electronic device
is constructed of parts made from ordinary
matter, the effects of electricity on matter
must be well understood. As a means of
accomplishing this, all elements of which
matter is made may be placed into one of
three categories: CONDUCTORS, SEMI-
CONDUCTORS, and INSULATORS, depending
on their ability to conduct an electric current.
Conductors are elements such as silver,
copper, gold, and aluminum, which conduct
electricity very readily. Insulators oppose
the conduction of electricity. All matter
between these two extremes may be called
semiconductors.

3.24. The electron theory states that all
matter is composed of atoms and the atoms
are composed of smaller particles called
protons, electrons, and neutrons. The
electrons orbit the nucleus which contains
the protons and neutrons. It is the valence

32

electrons that we are most concerned with
in electronics. These are the electrons which
are easiest to break loose from their parent
atom. Normally, conductors have three or
less valence electrons; insulators have five
or more valence electrons; and semi.
conductors usually have four valence
electrons.

3-25. The electrical conductivity of matter
is dependent upon the atomic structure of
the material from which the conductor is
made. In any solid material such as copper,
the atoms which make up the molecular
structure are bound firmly together. At
room temperature copper will contain a
considerable amount of heat energy. Since
heat energy is one method of removing
electrons from their orbits, copper will
contain many FREE ELECTRONS that can
move from atom to atom.

3-26. When not under the influence of an
external force, these electrons move in a
haphazard manner within the conductor.
This movement is equal in all directions
so that electrons are not lost or gained by
any part of the conductor.

3-27. When controlled by an external force,
the electrons move generally in the same
direction. The effect of this movement is
felt almost instantly from one end of the
conductor to the other. The electron
movement is called an ELECTRIC CURRENT.

3-28. Some metals are better conductors of
electricity than others. Silver, copper, gold,
and aluminum are materials with many free
electrons and make good conductors. Silver
is the best conductor, followed by copper,
gold, and aluminum. Copper is used more
often than silver because of cost. Aluminum
is used where weight is a major consideration,
such as in high tension power lines, with
long spans between supports. Gold is used
when oxidation or corrosion is a consideration
and good conductivity is required. The ability
of a conductor to handle current also depends
upon its physical dimensions. Conductors
may be in the form of bars, tubes, or sheets,
but are usually in the form of wire.
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3-29. Nonconductors have few free electrons.
These materials are called INSULATORS.
Some examples of this type material are
rubber, plastic, enamel, glass, dry wood,
and mica. Just as there are no perfect
conductors, neither is there a perfect
insulator.

3-30. Some materials are neither good
conductors nor good insulators, since their
electrical characteristics fall between those
of conductors and insulators. These in-
between materials are classified as SEMI-
CONDUCTORS. Germanium and silicon are
two common semiconductors used in solid
state devices.

3-31. Another way to look at this subject
is from the resistivity point of view.
Opposition to the flow of electrical current
due to the type of material used is called
RESISTIVITY. The resistivity of a material is
inversely proportional to the number of
free electrons available in a unit specimen
of the material. The reciprocal of resistivity
is conductivity, the ability V material to-
conduct electric current. Refer to figure 3-8
for a better understanding of the relationship
of the materials which we have discussed.

3-32. Review

A conductor is any material that has
many free electrons. Silver, copper, gold,
and aluminum are examples. Copper is the
most commonly used.

An INSULATOR is a material with few
free electrons. Rubber, mica, glass, dry
wood, and plastics are examples of good
insulators.
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SEMICONDUCTORS are materials with
some free elections. Their resistivity and
conductivity fall between insulators and con-
ductors. Germanium and silicon are examples
of semiconductors used in transistors.

3-33. Charged Bodies

3-34. The study of electrostatics is the
study of electricity at rest. The forces
between electric particles can be observed
experimentally and measured. Fundamental
laws that govern these forces have been
derived and stated. This text discusses
these laws, the conduction and induction
process of charging an object, the distribution
of charges on an object, and the definition
of a COULOMB.

3-35. The LAW OF ELECTRIC CHARGES
states:

LIKE CHARGES REPEL EACH OTHER.

UNLIKE CHARGES ATTRACT EACH
OTHER.

3-38. An ELECTRIC CHARGE may be any
one of the following:

An ELECTRON - a unit negative charge.

A PROTON - a unit positive charge.

A GROUP OF ELECTRONS - equal in negative
charge to the number of electronspresent.

A GROUP OF PROTONS - equal in positive
charge to the number of protons in the
group.
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A NEGATIVE lON - an atom that has gained
electrons.

A POSITIVE ION an atom that has lost
electrons. It has a positive charge equal
to the number of electrons lost.

3-31. The electron is the basic unit of
electric charge. An atom with an equal
number of electrons and protons is NEUTRAL.
We assume the number of protons remains
constant. The free electrons, however, may
move and carry their negative charge from
atom to atom. The atom they leave becomes
POSITIVELY charged and the atom they
Join becomes NEGATIVELY charged. This
can be seen in figure 3-9. An atom becomes
charged when it either gains (or loses)
electrons. Substances contain atoms, the re-.
fore substances may also become charged.

.4,/ /
/I

e,/
"9- "*.

"A" BECOMES A
POSITIVE ION

3 -38. An example: u electrons are taken
away from a pith ball, the entire ball be-
comes positively charged. Add electrons and
the pith ball becomes negatively charged.
A substance is always in one of three electrical
conditions: positive, negative, or neutral.

3.39. Charged substances either attract or
repel each other. Consider a pith ball that
is positively charged. Place it near one which
is negatively charged, and they will attract
each other. Figure 3-10. U the balls are
free to move, they will come closer together.
U the balls are not free to move, the force
of attraction still exists between them
due to their unlike charges.

3-40. The attraction is caused by the
ELECTRIC FIELD between the excess
protons In one pith ball and excess electrons

NEUTRAL
ATOMS

ELECTRON
MOVES FROM
"A" TO "B"

B

Figure 3-9
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Figure 3-10

Figure 3-11

in the other pith ball. An electric field
is composed of unseen lines of force which
radiate in all directions.

3-41. Pith balls with the same charge repel
each other as shown in figure 3-11,

3-42. COULOMB'S LAW OF CHARGED
BODIES. A fords of REPULSION always
exists between LIKE CHARGES due to their
electric fields. Thus, if an electron is placed
close to another electron, they will repel
each other without coming into contact. The
force of this repulsion or attraction is related
to the distance between the charged bodies.

348
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The force is directly proportional to the
strength of the charges and inversely pro-
portional to the square of the distance
between the charges.

3-43. The unit of electrical charge is the
COULOMB. One coulomb equals 6.28x1018
electrons.

3-44. CHARGING AN OBJECT. Friction is
one method of producing a static charge.
Rub a glass rod with a piece of silk and
friction produces a positive charge on the
rod. Rub a rubber rod with a piece of
cat's fur and friction produces a negative
charge.
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3-45. Another method of charging an object
is through conduction. See figure 3-12. Touch

a positively charged rod to an uncharged
metal bar and the charge on the rod will
attract electrons in the bar to the point
of contact. Some of these electrons will
leave the bar and enter the rod. The bar
has become positively charged. A static
charge has been transferred through actual
contact. This is the CONDUCTION method
of charging an object.

3-46. Another way to charge an object is
through induction. Bring apositively charged
rod near the bar (figure 3-13). Electrons in
the bar are attracted to the point nearest
the rod. Electrons accumulate at that point
leaving a positive charge elsewhere on the

36
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bar. Allowing electrons from an outside
source (your finger, for instance) to enter
the positive end of the bar gives the bar
a negative charge. The bar has become
charged even though the rod did not touch
it. This is latovni as the INDUCTION method
of charging an object.

3-47. In one example, the object received
a positive charge. In the other example, the
object received a negative charge.

3-48. Methods of neutralizing a charge.
Figure 3-14 shows the examples of static
discharge between charged bodies; through
a conductor, by actual contact, and through
an arc.
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Figure 3 -14

37

0

REPO -471

33



-..-
_

.r
OUTSIDE SURFref CHARGED EVENLY

Figure 3-15 REP4»472

3.49. Distribution of Charges. A negative
charge has been placed on the hollow metal
sphere shown in figure 3-15. When the
sphere is tested with an electrostatic
detector, it is found that the charge has spread
out evenly over the surface. This distribution
is explained by the conductivity of the metal
sphere, and the mutual repulsion of electrons.
Although the sphere is made of conducting
material, the entire charge is evenly
distributed on the OUTSIDE surface. The
inner surface contains little or no charge.

3.50. A negative charge placed on an object
with an irregular shape is no longer evenly
distributed. See figure 3-16. The charge will
be concentrated at the points or sharpest
curves of the object.

3.51. Review

3-52. Electrically, a body will be positive,
negative, or neutral. Bodies with unlike
charges attract each other. Bodies with
like charges repel each other. The "coulomb"
is equal tc. 6.28x 1018 electrons and is
the basic unit of measure for electrical
charge.

3-53. Friction, induction, and conduction are
methods of charging an object. The charge
is distributed evenly on the outside surface
of a sphere. The charge is concentrated
at the points of an irregularly shaped object.
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3-54. Fundamentals of Direct Current

3-55. Previously a conductor was defined
in terms of its atomic structure. It was
stated that a good conductor is a material
with many free electrons. The electric
field around an electron causes it to repel
other electrons without touching them.
Now let's take a good conductor and pay
particular attention to the free electrons in
it.

3.58. A. copper conductor has many free
electrons. See figure 3-17. The free
electrons are evenly distributed in the
conductor and are moving about in a random
manner.

3-57. U positively and negatively charged
rods are placed as shown in figure 3-18,
an electric field will exist between the ends
of the conductor. The negatively charged rod
will repel the electrons in the conductor
while the positively charged rod attracts
these electrons. The movement of the free
electrons will no longer be totally random.
There will be movement (drift) of free
electrons toward the positive rod. Some
electrons will enter the conductor from the
negative rod and leave the conductor to
enter the positive rod. This drift or movement
of electrons we defined as current flow or
electric current. The charge on the negative
rod was used as a supply of electrons.
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CHEMICAL ACTION
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TO NEGATIVE PLATE

Figure 3-19
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3-58. Take another example, this time using
an automobile battery as our source of
electrons. See figure 3-19. Chemical action
inside the battery causes an excess of
electrons at the negative terminal and a
deficiency of electrons at the positive
terminal.

3-59. If a conductor is connected between
the terminals of the battery, the positive
and negative forces cause the movement of
electrons. The excess electrons at the
negative terminal repel electrons and the
deficiency of electrons at the positive
terminal attracts electrons; an electron
flow results and this electron flow is called
an ELECTRIC CURRENT. Our battery in
figure 3-20 has caused a current flow
through the conductor.

3-60. This movement of electrons is a chain
reaction that occurs almost simultaneously
throughout the conductor. Try not to think
of current flow in terms of an individual
electron leaving the negative terminal moving
through the conductor and back into the
positive terminal. But think of current flow
as the progressive movement of an electrical
charge from one point to another point.
For every electron which moved OUT from
the negative terminal, an electron moved
IN to the positive terminal.

3-61. When an electron leaves the negative
terminal, it immediately repels a free
electron already in the wire. See figure
3-21. This free electron repels another
free electron, etc. A chain reaction takes
place throughout the entire conductor. At
nearly the same time that an electron was
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leaving the negative terminal, a free electron
was pulled off the conductor by the positive
terminal. The effect is almost instantaneous
throughout the conductor. The effect of
electron flow approaches the speed of light,
approximately 300 x108 meters per second.

3-62. We have now satisfied our statement
that when the random movement of free
electrons in a conductor is altered to cause
the electrons to move generally in the same
direction, electron flow results. The direction
taken by the electrons in figure 3-21 is
from the negative terminal to the positive
terminal, through the conductor. Chemical
action inside the battery causes electrons
to move from the positive terminal to the
negative terminal. This is the lasis of
the electron theory. Electrons always move
from NEGATIVE to POSITIVE in the
EXTERNAL circuit and from POSITIVE to
NEGATIVE inside a voltage source.

POSITIVE TERMINAL
PULLS ELECTRON OFF

Figure 3-21
ASP4-47*
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3-83. Note that the terms positive and
negative are only relative. Using zero as
a reference, as shown in figure 3-22, every-
thing above zero is positive and everything
below zero is negative with respect to the
reference (zero). However, 5 below 0 is
positive with respect to 10 below 0. Likewise,
5 above 0 is negative with respect to 10
above 0. The terms positive and negative
may mean different things to different people,
but to the electronics man, they mean
either a shortage (positive) or an excess
(negative) of electrons.

3-84. Since there is a difference in the
quantity of electrons between the twohattery
terminals, we can say a potential difference
exists. See figure 3-23. If a conductor is
connected between the terminals, the excess
electrons on the negative post flow toward
the positive post where there is a shortage
of electrons. In order to have electron
flow, there must be a potential difference,
a conductor, and a complete path (continuity).
Electron flow can be measured as a quantity
of electrons moving past a given point
through a conductor in a given period of
time.
3-65. The unit for electron flow is the
AMPERE, and electron flow is called
CURRENT. One ampere of current 'allowing
when 1 coulomb of electrons passes a point
in a conductor in 1 second; 2 amperes flow
when 2 coulombs pass per second, and soon.
There are 6.28x1018electrons in 1 COULOMB.

REP4.480

Figure 3-23

3-66. Ampere refers to the intensity of
the current flow in a conductor. The standard
symbol for current Is "L" Electrical energy
is required to move electrons from one
point to another point. This electrical energy
or potential difference is called ELECTRO-
MOTIVE FORCE (EMF) and is the force
(pressure) which causes current flow. (Con-
sider EMF as an "Electron Moving Force.")

3-87. Electromotive Force is equal to the
potential of the electrical charge and is
expressed in volts. An electric charge,
whether positive or negative, is a reserve
of energy. This reserve energy is potential
energy as long as it is not being used. The
Potential energy of a charge is equal to the
amount of work done to create the charge
and the unit of measure is the volt. The
symbol used for the volt is "V" and the
symbol used for EMF is "E" When two
charges exist, the electromotive force
between the charges is equal tothe difference
in potential of the two charges. Since the
Potential of each charge is expressed in
volts, the difference in potential is also
expressed in volts.

3-68. Voltage, or a difference in potential,
exists between any two charges which are
not equal. Even an uncharged body
has a potential difference with respect to
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a charged body; it is positive with respect
to a negative charge and negative with
respect to a positive charge. A potential
difference exists between two unequal
positive charges or between two unequal
negative charges. Thus, potential difference
or voltage is purely relative and is not
used to express the actual amount of charge
but rather to compare one charge to another
and indicate the electromotive force between
the two charges being compared. Whenever
two points of unequal charge are connected,
as current flows from the more negative
to the more positive charge. The greater
the EMF or voltage between the charges,
the greater the amount of current flow, when
all other things remain constant.

3-69. Let's examine five common says to
generate an EMF. One method is to convert
mechanical energy into electrical energy.
Examples include the belt-driven alternator
on your car, heavy diesel-driven generators
used on railroad locomotives, and waterfall-
driven turbines which impel the generators
of hydroelectric installations. Chemical
action (battery) is the second method of
producing an EMF. The dry cell, like the
one in your transistor radio, or a wet cell,
like the one used in your car, produces
an EMF by chemical action. A third method
is the production of an EMF by the thermo-
electric effect (heat) such asapplying heat
to two dissimilar metals. This principle
has an important application as a temperature
indicating device called a thermocouple.
The photoelectric effect (light) is the fourth
method used to produce an EMF.
When light strikes a light-sensitive surface,
called a photocathode, electrons will be
emitted from the sensitive surface. A
television camera pickup tube uses the
photoelectric method of producing an EMF.

3-70. A fifth method of generating
an EMF uses the piezoelectric effect. Certain
ionic crystals generate a voltage whenever
stress is applied to their surfaces. Thus,

if a crystal of quartz is squeezed, a voltage
will appear between two opposite surfaces
of the crystal. If the force is reversed,
the voltage will reverse polarity. Quartz
or similar crystals can thus be used to
convert mechanical energy into electrical
energy. This phenomenon is called the
PIEZOELECTRIC EFFECT, These crystals
also have the ability to convert electrical
energy into mechanical energy. A voltage
impressed across the opposite surfaces of
the crystal will cause it to expand or
contract in response to the voltage applied.

3-71. To review what you have found out
about current and voltage, consider some of
the important facts you have studied:

A potential difference exists between points
of unequal charge.

Current flow is always from negative to
positive in the external circuit.

The ampere (A) is the practical unit of
current.

The symbol for current is "I."

EMF (E) is the same as potential difference
and is essential for current flow.

The volt (V) is the practical unit of
EMF.

The symbol for voltage is "E."

Five common sources of EMF are
mechanical, chemical, thermoelectric, photo-
electric, and piezoelectric effects.

3-72. Resistance and Resistors

3-13. Another aspect of electronics is re-
sistance. The opposition to current flow is
known as resistance (R). The unit of measure
of resistance is the OHM. The symbol used
to represent the ohm is the Greek letter
omega (Z. "R," for example, might equal
2,Q, 5A, 10051, etc., with the ohm being
the practical unit of measure for resistance.
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3-74. How much opposition is 1 ohm of
resistance? See figure 3-24. A conductor is
connected between the negative and positive
terminal of a battery. If 1 volt of pressure
causes 1 ampere of current to flow, there is
1 ohm of resistance in the conductor.

3-75. Experiments prove that the same
voltage applied to .specimens of different
materials having exactly the same physical
dimensions will produce different values of
electrical current. Similarly, if a fixed
voltage is applied to specimens of the same
material having different physical
dimensions (length and diameter), the
resulting electrical current will be different.
On the basis of these effects, you can see
that for a fixed voltage, the amount of
current flowing through any material depends
on the type of substance and the physical
dimensions of the material. Further
investigation has shown that the ratio of
voltage to current for any type of material
is a constant which depends on the material
and its physical dimensions. Opposition to
the movement of electrons through a
substance is called RESISTANCE; it can be
used to regulate both the movement of
electrons and the forces acting on these
electrons as they move from point to point
within a conductor. Another factor that
determines current flow is the temperature
of the conductor.
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Table' 3-1

RESISTANCE COMPARISON

SUBSTANCE
RELATIVE

RESISTANCE

Silver (Standard) 1.0
Copper 1.08
Gold 1.5
Aluminum 1.8
Tungsten 3.5
Brass 4.8
Steel 9.3
Nichrome 64.8

3-78. MATERIAL. The material of which an
object is made affects its resistance. The
ease with which different materials give up
their valence electrons is the determining
factor.

3-77. Table 3-1 compares the resistance of
some common materials. Silver has the least
resistance. Copper and aluminum are most
often used for conductors due to cost factors.
Nichrome has the highest resistance and is
used in heater elements.

3-78. LENGTH. The next factor affecting the
resistance of a conductor is its length.
The longer the length, the greater the
resistance. The shorter the length, the
lower the resistance. An example: If a
piece of copper wire 1,000 feet long and
having a resistance of 6 ohms is increased
to 2,000 feet, the resistance would increase
to 12 ohms. THE RESISTANCE OF A
CONDUCTOR IS DIRECTLY PROPOR-
TIONAL TO ITS LENGTH.

3-79. DIAMETER OR CROSS-SECTIONAL
AREA. Another factor affectirig the resistance
of a conductor is its cross-sectional area.

3-80. To understand what cross-sectional
area means, imagine a wire cleanly cut across .
any part of its length. The area of the cut
face of the wire is the cross-sectional area.
The greater this area, the lower the
resistance of the wire. The smaller this
area, the higher the resistance of the wire.
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3.81. An example: A piece of copper wire
with a cross-sectional area of .1 square cm
has a resistance of 6 ohms. Doubling the
cross-sectional area to .2 square cm will
decrease the resistance to 3 ohms, or
one-half of its original value. Thus, the
RESISTANCE OF A CONDUCTOR IS
INVERSELY PROPORTIONAL TO ITS
CROSS- SECTIONAL AREA.

3-82. TEMPERATURE. The final factor
affecting the resistance of a conductor is
its temperature. For moat materials, the
hotter the material, the more resistance it
offers. The colder the material, the less
resistance it offers. The amount of change
of resistance per unitchange in temperature
is known as the TEMPERATURE CO-
EFFICIENT. If an increase in temperature
causes the resistance to increase, the
material is said to have a POSITIVE
TEMPERATURE COEFFICIENT. A material
whose resistance decreases with an increase
in temperature has a NEGATIVE
TEMPERATURE COEFFICIENT.

3-83. Conductors are an important part of
electrical equipment. A good conductor
introduces very little resistance. However, a
component to which the conductor is connected
may offer a lot of resistance. One of these
high-resistance components is called a
RESISTOR.

3-84. A resistor is a physical device used
to introduce a desired amount of opposition
to current flow in an electrical circuit.
The purpose of this resistor is to control
the amount of current flow in that circuit.
There is a certain amount of resistance in
all electrical ctrcuits. If this resistance
isn't high enough to reduce the flow to the
destred amount, then a resistor is added
into the circuit.

3-85. Electronic equipments use a wide
variety of resistors. Some, have a fixed-
resistance value_ and others are variable. _

Resistors are made of resistance wire,
metal film or carbon. Wire-wound resistors
are used to control large amounts of current.
Wire-wound resistors are constructed by
winding resistance wire on a porcelain base.

43

, t. 0 Y;

Vilir

RESISTOR
TERMINAL ----mb

MOUNTING BRACKET

REP4.482

Figure 3-25
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The ends of the wire are attached to metal
terminals. A coating is applied to the wire
to protect it and conduct heat away. Figures
3-25, 3-26 and 3-27 illustrate some typical
wire-wound resistors.

3-86. Wire-wound resistors may have fixed
or adjustable taps which can be used to
change the resistance value. See figure 3-26.

3-87. Precision wire -wound resistors,
illustrated in figure 3-27, are used when
the resistance value must be very accurate,
such as in test Instruments.

Figure 3-27
104-44,4



LEADS

CARBON RESISTORS

RtPd*485

Figure 3-28

3.88. Carbon resistors are constructed of
a rod of compressed graphite and a binding
material. Wire leads are attached to each.
end of the rod. The rod is then covered
with an insulating material. See figure 3-28.

3-89. Often a change in resistance is needed
while the equipment is in operation. To do

341L

this, both carbon andwire.woundVARIABLE
resistors have been designed: Wire-wound
variable resistors, figure 349, are
constructed by winding resistance wire on a
porcelain or Bakelite circular form. A contact
arm, which can be adjusted to any position
on the circular form, is connected to a
rotating shaft. A lead connected to this
movable contact arm is used with one or
both of the end leads to vary the resistance.

340. For controlling small currents, carbon
variable resistors are used, figure
3-30. They are constructed by depositing
a carbon compound on a circular fiber
disk. A variable sliding contact is connected
to a rotating shaft and varies the resistance
as the shaft is turned.

3-91. A variable resistor (figure 3-30) has
an advantage over the adjustable resistor
(figure 3-28). The value of the variable
resistor may be changed while the equipment
is in operation. Power must be turned off
to change the value of the adjustable resistor.

I. VARIABLE CONTACT TERMINAL
2. VARIABLE SLIDER CONTACT
3. ENO TERMINALS

4,--,--")11.1'11ll111 N111111111
111[7-".

1111llllllllll
+ll!IIlI11'

111

4041111

0
4. COVER
5. RESISTANCE ELEMENT
6. ROTATING SHAFT

Figure 3-29 357
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Figure 3-30

3-92. A SCHEMATIC is a circuit diagram
which usessymbols to represent components.
Figure 3-31 shows the schematic symbols
for several resistors.

3..93. Basic Circuit Symbols and Components

3-94. You have seen that current flow is
present when a conductor is connected
between two charged bodies. In figure 3.32
the charged bodies are the two battery
terminals.

3-95. When a conductor is placed between
the terminals, current flows from negative

"sr

FIXED

TAPPED

VARIABLE
DR

ADJUSTABLE

Figure 3-31 REP4-488

45

358

REP4-487

to positive through the conductor. This is
not a practical circuit. The conductor will
shortout the battery and render it useless.

3-96. Some means must be employedinorder
to prevent this SHORTING-OUT of the power
source. Any electronic device that offers
resistance to current flow may be used.
Obviously, a practical device must accomplish
a specific Job, such as ring a bell, or light
a bulb.

3-97. There are three basic requirements
of a practical circuit:

Figure 3-32
REP4 -489
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a. EMF source
b. Conductor
c. Resistor or power dissipating devices

(bell, lamp, etc.).

Figure 3-33 shows a practical circuit which
meets these requirements. The resistance
of the lamp limits current flow and prevents
a short circuit. At the same time it will
accomplish a desired function-creating light.

3-98. Figure 3-34 shows the schematic
representation of figure 3-33. Note that
symbols, rather than pictures are used to
represent the electronic components. All
electronic components have a symbol and
you must be able to recognize the symbol
and relate it to the proper component.

3-99. Let's take a look at a few basic
circuit symbols. See figure 3-35.

FIXED RESISTOR - A set amount of opposition
to current flow in a circuit. It is the
most commonly used resistor and is
available in a wide range of ohmic values.

TAPPED RESISTOR - One resistor can be
used to obtain different amounts of
opposition. Usually a wire-wound device.

RHEOSTAT - Type of variable resistor.
Usually wire-wound and available in oniy
low ohmic values. Carbon types are avail-
able in a wide range of values.

POTENTIOMETER - Type of variable
resistor. Usually made of carbon and
available in a wide range of ohmic values.
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Figure 3-34

BATTERY - A device which converts
chemical energy to electrical energy. In
the single cell battery, the short line
represents the negative terminal and the
longer line represents the positive
terminal. The multicell battery consists
of two or more cells in series. The negative
terminal of one cell is connected to the
positive terminal of another cell and soon.

GROUND - Point in a circuit used as a
common reference point from which
voltages are measured. Voltages may
be either positive or negative with respect
to ground. You are probably familiar with
the electrical ground on an automobile;
the chassis is the common reference point.

VOLTMETER - Used to measure voltage
in volts.

AMMETER - Used to measure current flow
in amperes.

OHMMETER - Used to measure resistance
in ohms.

ROTATING MACHINES - A generator is used
to convert mechanical energy to electrical
energy and a motor is used to convert
electrical energy to mechanical energy.

SWITCH - Used as a circuit controlling
device or simply a means of turning
the circuit power ON and OFF. There
are numerous switch combinations. The
three illustratedc;hT include the SPST

t.t. 0
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GENERATOR MOTOR

ROTATING MACHINES

r\d
FUSE

FEMALE

Figure 3-35

(single-pole single-throw), SPDT (single-
pole double-throw) and the DPDT (double-
pole double-throw) switches.

LAMP - Used as a load device or to provide
a visual indication of current flow.

FUSE - Used as a protective device for the
circuit in which it's located. Protects
against excessive current flow.

CROSSED WIRES NOT CONNECTED - No
dot at the Junction where the wires cross.
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CROSSED WIRES CONNECTED - Indicated
by a dot at the Junction where the wires
cross or join.

POLARIZED CONNECTORS - Always used
in DC (direct current) circuits. May
be used in AC (alternating current)
circuits. In either case the larger terminal

male plug and the larger opening
in the female plug is always the ground
terminal.
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3-100. Let's put some of these components
into a circuit diagram. See figure 3-38.

3-101. Lamp. In this case, the purpose of
the lamp is to provide tight. Of course
it also provides resistance to prevent a
short circuit.

REP4494
Figure 3-37

REPO -495

Figure 3-38

Figure 3-39

REP4-496
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3-102. Fuse. A fuse is used as a protective
device. The wires and the lamp in figure
3.38 can stand only so much current before
burning out. Obviously, this is dangerous,
and the fuse Is used to protect against
this condition. Its only job is to burn out
when the circuit current becomes too high.
U it burns out, it has done its Job and
should be replaced by another fuse of the
same current rating.

3-103. Switch. The switch is used to
let current flow or to shut it off. The switch
is in the OFF position and has broken the
path of current flow from the negative to
the positive battery terminals. Switches are
rated according to the voltage and current
that they may safely interrupt. Care should
be taken to use the proper switch.

3-.104. Circuits are classified according to
the way their components are arranged or
connected. They maybe classified as SE RIES,
PARALLEL, or SERIES-PARALLEL.

3-105. The circuits we have known in
previous lessons have been SERIES circuits.
We call them SERIES circuits because there
is only one path for current flow. See
figure 3-37.

3-1.08. Another type of circuit configuration
is .a PARALLEL circuit. In this type of
circuit, there is more than one path for
current flow. See figure 3-38.

3-107. A circuit using a combination of
series and parallel is quite naturally called a
SERIES-PARALLEL circuit. See figure 3-39.

3-108. Many electrical devices require a
higher voltage or higher current than
a single cell battery is able to furnish.
Therefore, it is often necessary to connect
several cells together. The manner in which
cells are connected depends upon whether you
want to increase voltage or current.
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3.109. If greater voltage Is needed, connect
the cells in series. To connect cells in
Series, connect the negative terminal of
each cell to the positive terminal of the
following cell as shown in figure 3-40.
The total voltage of the battery is then
equal to the sum of the voltages of the
separate cells. The same current must
flow through each cell in succession. There.
fore, the current that the battery can supply
is limited to the current rating of a sink
cell. Thus, a battery composed of cells
in series provides a higher voltage, but not
a greater current capacity.

3.110. To obtain a greater current than one
cell is able to supply, connect the cells
in parallel. In this case, the total current
available is the sum of the individual current
ratings, since the current of one cell does
not flow through the other cells. To connect
cells in parallel, connect all positive
terminals together as shown in figure 3.41.

3-111. The positive terminals of the 4:cils
will form the positive terminal of the battery,
and the negative terminals of the cells,
the negative terminal.

3-112. Each cell musthave the suns voltage,
otherwise a cell with higher voltage will
force current through the lower voltage
cells and carry the greater part of the load.
The output voltage of the battery made up
of cells connected in parallel is therefore,
the same as that of a single cell.

3-113. Another method of arranging cells
is to connect them in series strings which
are in turn connected in parallel. In this
method, groups of cells are connected in
series and then the groups connected in
parallel, as shown in figure 3-42. This
connection provides both a greater voltage
and a greater current capability.

3-114. The purpose of connecting cells in
series is to obtain greater voltage.

3-115. The purpose of connecting cells in
parallel is to obtain greater current
capability.

3-116. The purpose of connecting series
strings of cells in parallel is to obtain
greater voltage and current.
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FIRST NUMBEMR---IR 1
SECONO NUMBER

MULTIPLIER

A. COLOR CODE MARKING COMPOSITION -'TYPE RESISTORS (MIL-STD)

t FAILURE RATE

TOLERANCE

REPO -500

COLOR PART
SIGNIFICANT FIGURES OF

ELECTRICAL VALUE TOLERANCE
FAILURE RATE
PER 1000 HAS

1st Number 2nd Number Multiplier

Black Capacitor 0 0 1 ±20% L 5%

Brown --- 1 1 10 * 1% M 1%

Red .... 2 2 100 * 2% P 0.1%

Orange --- 3 3 1000 m R 0.01%

Yellow --- 4 4 10000 .. 8 0.001%

Green Diode 5 5 100000 ... T 0.0001%

Blue - -- 6 6 1000000 a

Violet - -- 7 7 10000000 ....
Gray .... 8 8 - --

White ..... 9 9 - --
Gold .... - - 0.1 * 5%
Silver Coil - 0.01 ±10%

B. COLOR CODES FOR PART IDENTIFICATION MARKING

Figure 3-43

3-117. Resistor Color Code

3-118. The published resistance of aresistor
is indicated by its markings. Some
resistors have the resistance value printed
in ohms on the body of the resistor. Others
have tags attached to indicate their value.
Some resistors are so small that a printed
marking is impractical so a color code
marking is used. Unfortunabely, resistors
are often mounted so that the printed marking
cannot be seen or heat discolors the resistor
body, making it difficult to read the color
code. U you cannot determine the resistance
visually, you MUST use a schematic diagram.

3-119. There are two systems used in color
coding the resistors. We will cover only
the END-TO-CENTER band system. See
figure 3-43. In each color code system of

50

marking, three colors indicate the resistance
value in ohms. By substituting numbers from
the color code chart, the approximate
resistance value of a resistor can be
determined.

3-120. TOLERANCE. It is difficult and
expensive to manufacture a resistor to an
exact resistive value. The actual resistive
value may be as great as 20 percent from
its color code marking and still be a good
component. This percent difference between
the marked value and the actual value is
known as the TOLERANCE of a resistor.
A fourth color is used to indicate the
tolerance. This band may be omitted if
the tolerance is 20 percent.

3-121. FAILURE RATE. It is very important
that electronic components be reliable. Lack
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Figure 3.44 REP4.301

of reliability can cause the failure of an
important mission. The reliability of
resistors is expressed as the percentage of
failures per 1000 hours of operation. It is
stated as a percentage and indicated by a
fifth color band. See figure 3-43. This band
is omitted when failure rate is unspecified.

3.122. Figure 3-43 shows the colors used
in the color code. Electronic technicians
should memorize this color code as soon
as possible.

3.123. End-to-Center Band Marking. In this
method, the resistor is marked with bands
of color at one end of the resistor. The
body color has nothing to do with the color
code.

3-124. The first color band (nearest the
end) will always be the first digit of ohmic
value.

3.125. The second color band will always
be the second digit of ohmic value.

3-126. The third color band indicates the
decimal multiplier or number of zeroes.

3-127. U there is a fourth band, it indicates
the tolerance. See figure 3-43. U
there is no fourth band, the tolerance
is 20%.

3-128. If there is a fifth color band, it
indicates the failure rate. See figure 3.43.
U there is no fifth band, then the failure
rate is unspecified.

3.129. Figure 3.44 shows a carbon resistor
with three bands of color. The color bands
are read starting from the end and reading
toward the center. Refer to figure 3-44
and use the following values:
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BAND COLOR
II '''t A

VALUE ,. SIGNIFICANCE

let Red 2 1st Digit

2nd Green 5 2nd Digit

3rd Yellow 10,000 Multiplier

The resistance indicated is 250,000 ohms.
There is no 4thband; therefore, the tolerance
is 20%.

20% of 250,000 = 50,000

Maximum resistance = 250,000 + 50,000

a 300,000 ohms

Minimum resistance gi 250,000 - 50,000

= 200,000 ohms

This resistor could have a resistance between
200,000 and 300,000 ohms and be within
tolerance.

3-130. Refer to figure 3-45.

Resistance mg 86,000 ohms ± 10%

10% of 86,000 gx 8,600

Maximum resistance = 86,000 + 8,600

94,600 ohms

Minimum resistance = 86,000. 8,600

2 77,400 ohms

This resistor could have any resistance
value between 77,400 and 94,600 ohms.

BLUE
GRAY

RANGE
SILVER

8 6 310%

Figure 3.45
REP4 -502
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Figure 3-46

3-131. Refer to figure 3-46.

Resistance = 960 ohms * 5%

5% of 960 = 48

Maximum resistance = 960 + 48
= 1,008 ohms

Minimum resistance = 960 - 48
i 912 ohms

This resistor could have any resistance
value between 912 and 1,008 ohms. The failure
rate is 0.001% per 1000 hours of operation.

3-132. Figure 3-47 is an example of a
resistor with black as the third color band.
The color code value of black is zero and
indicates that no zeroes are to be added.
The multiplier is Xl.

Resistance = 10 ohms *5%

5% of 10 = 0.5 ohms

Maximum resistance = 10 + 0.5
= 10.5 ohms

Minimum resistance = 10 - 0.5
= 9.5 ohms

BLACK' BLACK
BROWN

GOLD

1 0 0 5%

Figure 3-47

REPS -504
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This resistor could have any resistance value
between 9.5 and 10.5 ohms.

3-133. Ae stated before, the third color band
indicates the multiplier. See figure 3-48.

1 0 A 10%

Figure 3-48 R1174-405

3-134. When the third band ii.GOLD, multiply
the first two digits by 0.1. Thus, 0.1 times
10 equals 1 ohm. Resistance equals 1 ohm
+10 percent or any value between .9 and
1.1 ohms.

3-135. See figure 3-49. When the third band
is SILVER, multiply the first two digits by
0.01. Thus, 0.01 times 45 equals 0.45 ohms
plus or minus 10%.

Resistance = 0.45 ohms * 1096

10% of 0.45 = 0.045 ohms

Maximum resistance = 0.45 + 0.045
= 0.495 ohms

Minimum resistance = 0.45 - 0.045
= 0.405 ohms

This resistor can have any resistance value
between .405 and .495.

GREEN SILVER

YELLOW SILVER

S .0110%

Figure 3-49
REPS -506



Chapter 4

MULTIMETER USES

4-1. When working with electronic circuits,
it is sometimes necessary to determine the
exact amount of current, voltage, and re-
sistance. These circuit conditions can be
determined by the use of a test set known
as a multimeter.

4-2. In this chapter you will become familiar
with the operation and use of a Multimeter.
It functions as an ohmmeter, a voltmeter,
and ammeter.

4-3. Resistance Measurement

4-4. Figure 4-1 shown a multimeter with
two selector switches. The switch on the
left is the FUNCTION switch, and the one
on the right is the RANGE switch. To
measure resistance, place the FUNCTION
switch in the OHMS position. The multi-
meter will now function as an ohmmeter.

4-5. The RANGE switch has seven positions
as shown in figure 4-1. Notice that the
Greek letter omega ( a ), representing
ohms, is missing on the first and last
positions. These two positions of the RANGE
switch are not used for resistance. Begin
resistance measurements with the RANGE
switch in the ohms times I (a xl)position,
and work up to the most accurate scale.

OHMS
POSITION

FUNCTION

4 -I3 The multimeter is equipped with a
pair of leads with two corresponding jacks
on the lower part of the front panel. To
prepare the meter for use, simply insert
the red lead into the red jack and the
black lead into the black jack.

4-7. Now before proceeding, there is an
Important safety precaution that must be
observed when using the ohmmeter function.
NEVER CONNECT AN OHMMETER TO A HOT
(OPERATING) CIRCUIT. BE SURE THAT NO
POWER IS APPLIED. The internal com-
ponents of the meter use very little current,
and are easily damaged by the application
of an external power source.

4-8. Since there is no apparent power applied
to the component being tested, a logical
question is: Where does the power for
deflection on the ohmmeter come from?
The multimeter contains its own power
supply in the form of a battery located in-
side the case. The resistive components
inside the multimeter are of such values that
when the leads are connected together,
the meter indicates a full-scale deflection.
Because there is no resistance between the
connected (shorted) leads, full-scale deflec-
tion represents zero resistance.

OHMS ZERO

RANGE

Figure 4-1
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Figure 4-2

4-9. Now before making a measurement,
the ohmmeter must be zeroed. This is
accomplished by shorting the leads together
and adjusting the OHMS ZERO knob, as
shown in figure 4-1, so the pointer is
directly at the zero mark on the green
OHMS scale. A very important factor
to remember when making an accurate
resistance measurement is to zero the
meter each time you select a new range.
If the meter is not zeroed each time the
range switch is changed, the readings will
probably be incorrect.

4-10. When making a resistance
measurement, there are certain
considerations that must be given to the
resistor being tested:

a. The resistor must be isolated. In some
instances, a soldered connection will have
to be disconnected to isolate the resistor.

b. The meter leads must make good
electrical contact with the resistor leads.
Points of contact should be checked for
dirt, grease, varnish, paint, or any other
material that may prevent current flow. If
necessary, remove any foreign matter.

c. KEEP YOUR HANDS ON THE
INSULATED PORTIONS OF THE LEADS.
Your body has a certain amount of resistance
that can be measured by the ohmmeter.

4-11. The proper method of checking a
resistor is illustrated in figure 4-2. Connect
the red lead to one of the resistor leads
and the black lead to the other resistor
lead.

54

4.12. Since zero resistance causes full-
scale deflection, you can see that the de-
flection of the meter is inversely propor-
tional to the resistance being tested. For
a small resistor value the deflection will
be close to full scale and for a large re-
sistor value the deflection will be considerably
less. This indicates that the left portionof the
green ohms scale represents high resistance,
and the right side of the scale represents low
resistance. Zero resistance (an open circuit)
is indicated on the extreme left side of the
scale. Notice that you read the OHMS scale
from RIGHT to LEFT. For example, the
pointer in figure 4-3 indicates 51. Todeter-
mine the value of a resistor, multiply the
reading on the meter scale by the RANGE
switch setting. If the RANGE switch is on
the St x 1 position, then the resistor value
would be 5111.

4-13. As you can see from the ohms scale
illustration shown in figure 4-3, the scale
marks are crowded on the left side of the
scale which makes accurate reading difficult.
For this reason, it's best to select a range
in which the pointer will fall near mid-scale.
Accurate readings are more easily obtained
near mid-scale because the divisions are
more evenly spaced.

4-14. In order to explain the correlation
between the meter reading and the RANGE
switch setting, follow this example.

4-15. Suppose you had a 5,000-ohm resistor
which you identified as such by using the
resistor color code. Now with the RANGE
switch in the ..ft.xl position, connect the
meter across the resistor. The meter pointer
will deflect to the extreme left side of
the scale (between 2M and co on the scale).
Since the range is selected, the reading
must be multiplied by 1. In this position,
the scale reading is direct. By placing
the RANGE switch to thenx10 position and
zeroing the meter, the pointer now moves to
500 on the scale. Since the.A.x10

367
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15
10

TYPICAL OHMMETER SCALE

Figure 4-3

range is now being used, the scale reading
must be multiplied by 10. Once again the
reading is not in the middle of the
scale. The RANGE switch should be moved
again.

4-16. With the RANGE switch in the 12E100
position and the meter zeroed again, the
pointer moves to 50 on the scale. Since
the a x100 range is selected, the reading
must be multiplied by 100. The most accurate
reading could be made at this point. Of
course the reading on this scale must be
multiplied by 100.

4-17. If the RANGE switch is positioned to
the a x1,000 or the a x 10,000 ranges
measuring accuracy decreases. The most
accurate readings are obtained at or near
mid-scale.

4-18. Another thing to remember when
measuring resistance is the tolerance of
the resistor. If the tolerance of the resistor
in the preceding example is 10 percent, we
could expect a reading between 4500 and

5500 ohms. If a reading is not obtained
within these limits, the resistor has probably
changed value and should be discarded.

M4-549

4-19. An open resistor will be indicated
by no deflection on the highest ohms range
of the meter. A shorted resistor will cause
full scale deflection on the lowest ohms range.

4-20. In addition to measuring resistance
the ohmmeter is a very useful tool for
checking continuity in a circuit. To make
a continuity check, first study the circuit
diagram, and then check the corresponding
parts of the circuit with the ohmmeter. The
ohmmeter will indicate high conduction,
partial conduction (resistance), or no
conduction at all.

4-21. Delete

4-22. When you have finished using the
ohmmeter and you are preparing to store
it temporarily, be sure to position the
FUNCTION switch to any position OTHER
than OHMS and remove the leads. Accidental
shorting of the leads would completely dis-
charge the batteries and render the ohm-
meter useless.
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DC VOLTS

1-- 11i.-

POSITIONS
.'---..'' % i

VOLTS
RANGE

FUNCTION o

BLACK
4-

RED

Figure 4.4

4.23. Voltage Measurement

REP4.450

4-24. The multimeter functions as a DC
voltmeter if the FUNCTION switch is placed
in either of two positions: DC/1 k ohm,
or DC/20k ohm. The meter leads must
be connected to the meter jacks according
to color. This is an especially important
point to observe when measuring DC voltages.
The red lead will be the positive lead,
and the black lead will be negative. See
figure 4-4.

4-25. When the meter is connected in a
circuit, it becomes a circuit component.
Since all meters have some resistance, they
will alter the circuit by changing the current
slightly. The resistance of the voltmeter
depends on the position of the RANGE switch
and the FUNCTION switch.

4.26. The DC/20k ohm positionhas2Otimes
as much meter resistance as the DC/I k ohm
position. The higher meter resistance loads
the circuit less. This gives a more accurate

DC

indication of Circuit Conditions before the
voltmeter was connected. For this reason
the highest meter resistance possible should
be used.

4.27. Earlier models of voltmeters contained
only a 1,000 ohm per volt function andtables
of standard voltage values were established
with this function. Therefore, many of the
tables of standard voltage values you will
find in technical orders were made using the
1,000 ohm per volt position. If you with to
compare your readings to standard values
taken with a 1,000 ohm per volt voltmeter,
you must use the DC/1 k ohm position.

4-28. When using a meter that has a ground
lead, always connect this lead to the ground
terminal on the equipment before making any
tests. If the equipment has no ground terminal,
connect the ground lead to the chassis of
the equipment. If you do not observe
this precaution, you can receive a serious
electrical shock.

4-29. With the FUNCTION switch set to
either DC/20 k ohm or DC/1 k ohm,
consider the RANGE switch and the scale on
the meter to be used When measuring DC
voltages, there are seven ranges available:
.5, 2.5, 10, 50, 250, 500, and 1000. The
setting of the RANGE switch determines the
maximum value represented on the meter.
When measuring DC voltages, use the black
DC scale; to read the scale, see figure 4-5.
The three digits, on the bottom of the scale
at the extreme right side, indicate the
maximum value of the range being used.
When the RANGE switch is in the .5 position,
the scale represents a maximum of .5
volts (the digit 5 on the second row should

DC
USE THIS SCALE FOR
2.5 & 250 RANGES
USE THIS SCALE
OR .5, 50, & 500

USE THIS SCALE FOR
NO & 1000 RANGES REPO -551

Figure 4.5
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Figure 4-6

be interpreted as .5). To simplify the
relationship between the digits below the
scale and the setting on the RANGE switch,
always use the digits that correspond to the
numbers on the RANGE switch. Use 2.5 on

the scale for the 2.5 and 250 ranges; the 5

on the scale for .5, 50, and 500 ranges; the
10 on the scale for the 10 and 1000 ranges.

4-30. For explanation purposes, assume
that you wish to measure 30 volts DC. In

this case, use the 50V range. By placing
the RANGE switch to the 50 position, the
meter needle should rise to the 3 which
represents 30.

4-31. When measuring a known DC voltage,
position the RANGE switch to a setting that
will cause a near half-scale deflection. The
readings taken near the center of the scale
are the most accurate. When measuring an

CCV 2*

RED

RCP4-552

2.5

unknown DC voltage, always begin on the
1000 range and using the RANGE switch,
work down to a safe range. U you do not
begin on the highest range, the meter could
be burned out U the meter needle moves
to the left reverse the meter leads to the
circuit being tested.

4-32. Observe polarity when measuring DC
voltages. The negative (black) lead must
be connected to the negative point in the
circuit, and the positive (red) lead must be
connected to the positive point in the circuit.
A proper connection is shown in figure 4-6.

4-33. Nov observe bow a voltage measure-
ment on a component within a circuit is
made. Measurement of the voltage drop
across a resistor is shown in figure
4-7.

$LACK

Figure 4-7
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ley
SOURCE

0

DCV 20K A

BLACK

Figure 4 -8

4-34. When measuring a DC voltage drop
across a component in a circuit, the voltmeter
must be connected in parallel with the
component. As you can see inthe illustration,
the red (positive) lead is connected to the
positive side of the resistor, and the black
(negative) lead is connected to the negative
side of the resistor. A voltage reading is
obtained on the meter when current flows
through the resistor and lamp.

4-35. If you want to know bow much voltage
is dropped across the iamP, the meter will
have to be connected in parallel with the
lamp. The proper connection is shown in
figure 4-8.

4 -36. In figures 4-7 and 4.8, notice that
the RANGE switch on the P881-8 is shown
in the 50 position. As stated before, when

DCv 20K A

T P

TATTERY
SLACK

GROUND

11124454
Figure 4-9

RED

58

REP4*$$$

measuring a known DC voltage, always use
the range that will cause mid-scale deflection.

3.37. In the event that the meter was
inadvertently connected to the circuit back-
wards, the meter needle would move in
the reverse direction. Always check the
polarity before connecting the meter.

448. Some voltmeter readings will require
the use of ground, as a reference point.
See figure 4-9. Under these conditions,
one voltmeter lead is connected to the
equipment ground and the other lead is
connected to the test point where voltage
is to be measured. Observe polarity.

4.39. Current Measurement

4-40. An ammeter measures current,
and is often included as an integral
part of equipment. Ammeters must be placed
in series with the circuit to measure the
circuit current. You will be taking current
measurements many times in order to under-
stand what is taking place in circuits with
unknown voltage or resistance values.

4-41. The multimeter can function as an
ammeter to measure current flow,by placing
the FUNCTION switch in the DcbiA position.
With the RANGE switch in the 1000 position,
as shown in figure 4.10, DC current
measurements from 0 to 1 ampere can be
made directly.

4-42. In order to understand how 1 ampere
is indicated with the RANGE switch in the
1000 position, you need to know the meaning
of DCMA, and the relationship between
amperes and milliamperes.
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Figure 4-10

4-43. The letters DCMA stand for Direct
Current Milli Amperes. This means that the
direct current is measured in milliamperes
instead of amperes; and a meter that
measures current values in milliamperes
is called a MILLIAMMETER. One thousand
milliamperes equals one ampere.

4-44. The range of the ammeter can be
extended with the addition of an accessory
called a SHUNT. Using a shunt such as
the one shown in figure 4-11, DC currents
up to 10 amperes can be measured.

4-45. In reality, with the shunt the multi-
meter is an ammeter (up to 10 amperes).
WITHOUT the shunt, the multimeter is a
milliammeter (up to 1000 milliamperes).

4-4C Wnen the multimeter is being used to
measure current, the black DC scale is
used. It is the same scale used when
measuring DC voltages. Refer to figure 4-5.
As stated before, with the RANGE switch
on 1000 and the FUNCTION switch on DCMA,
the black DC scale represents a maximum
of 1000 milliamperes, or 1 ampere. The
10 on the bottom row of digits (extreme
right aide) represents 1000 milliamperes or
1 ampere. The 8 on the bottom row repreae nts
800 milliamperes, or 0.8 amperes. The 6
on the bottom row represents 600 milli -
amperes, or 0.6 amperes, and so on.

"
59

341

AtP4-337

Figure 4-11

4-47. When the RANGE switch is placed to
the 600 position, the second row of digits
below the black DC scale is used. In this
case, the maximum value represented by the
DC scale is 500 milliamperes or 0.5 amperes.
The 5 on the second row represents 500
milliamperes or 0.5 amperes. The 4 on the
second row represents 400 milliamperes or
0.4 amperes .

4-48. By placing the RANGE switch to the
250 position, the top row of digits is used.
The maximum value represented by the DC
scale -is now 250 milliamperes, or 0.25
amperes. The setting of the RANGE switch
determines the maximum value represented
by the DC scale. Always use the row of
digits that corresponds to the RANGE switch
setting.

4-49. Never attempt to measure currents
greater than the setting of the RANGE
switch. To measure a current of unknown
value, always start with the highest range
possible and then work down. Use the range
that gives near half-scale deflection. U this
procedure isn't followed, the meter could
be burned out. Increase the range with an
external shunt, if necessary, but do not
exceed the marked current.

4-50. The teat leads should be connected to
the multimeter with the red lead to the red
jack and the black lead to the black jack.



Figure 4-12

4-51. Now that the meter is set up to
measure current and the leads are properly
connected, observe how it is to be
connected into the circuit to be tested.
DC ammeters must be connected in series
with the component through which the current
is flowing. You mustuse the correctpolarity.
That is, the red (positive) lead must be
connected to the positive point in the circuit
and the black (negative) lead must be
connected to the negative point in the circuit.
The proper method of connection is shown
in figure 4-12.

4-52. As stated before, with a shunt
currents up to 10 amperes can be
measured. Connect the negative point
in the circuit to the + terminal on
the LOAD CIRCUIT end (figure 4-13), and
connect the positive circuit point to either
the 10 A or 2.5 A terminal. You can decide

which terminal to use from the amount of
current you intend to measure.

4-53. Now to properly connect the multi-
meter connect the black lead to the +
jack on the METER CIRCUIT end of the
shunt and connect the red lead to either
10 A or 2.5 A Jack. The meter circuit must
connect to the same current value used
for the load circuit.

4-54. To measure currents between 0 and
2.5 amperes, set the RANGE switch on 2.5.

For currents between 2.5 and 10 amperes,
set the RANGE switch on 10. An important
fact to remember when using the shunt,
is that the readings on the meter are in
AMPERES rather than milliamperes.

4-55. The multimeter can be used
to measure current in microamperes. As

19 EU 10A

MX 1409/U
.0"

LOAD
CIRCUIT

METER CIRCUIT

BLACK

PSM -6

2.5A1 10A

co
RED

Figure 4-13
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you know, the microampere is also a sub-
.... division of the ampere; one millionth of an

ampere. It takes 1,000,000 microamperes
to make 1 ampere.

4-55. By placing the FUNCTION switch to
the 100gA SPECIAL position, the multimeter
acts as a 0 to 100 microampere DC micro-
ammeter,

4-57. When you need to measure currents
too small for the ammeter or milliammeter
range, use the 1001.4A SPECIAL position.
So far it has been explained how the RANGE

switch changes the range of the meter.
However, when using the 1001.4A SPECIAL
function, the RANGE switch can be on any
position, for it will not change the
range.

01 pa. a 61
q

4-58. AC Voltage Measurements

4-59. To measure alternating current
voltage, the FUNCTION switch must be set
to the AC VOLTS position. The same pro-
cedures used to measure DC voltage apply,
except the reading is taken from the Blue
AC volts scale and the polarity of the test
leads is not important.

3 43



Chapter 5

DC RESISTIVE CIRCUITS

5-1, The most basic circuit in electronics
is the series circuit. No matter how complex
a circuit may appear, it can be electrically
reduced to a simple series circuit. In order
to understand what a series circuit is, look
at figure 5-1.

5-1. This is a circuit because there is a
complete path for current flow. It is a
series circuit because there is only one pos-
sible path for current to flow. The current
flows from the negative side of the battery,
through the conductor, through the resistor,
through another conductor and back to the
positive side of the battery. The electrical
devices in a series circuit are connected
end-to-end. The circuit shown contains the
three basic requirements for any circuit:

a. A source of power (battery).

b. A load device (resistor).

C. A conductor (wire).

Most practical circuits also contain two
other items:

d. A safety device (fuse).

e. A control device (switch).

With all five components in the circuit,
they would appear as shown in figure 5-2.

5-3. Figure 5-2 is a DC series circuit.
Current will flow in only one direction,
from the negative side of the battery, through

CURRENT M

Figure 5-1 REP4 -905

the switch, fuse and conductor, through the
resistor, and back to the positive side of the
battery. Remember, current flows from the
negative terminal of the battery through the
external circuit and back to the positive
terminal of the battery.

5-4. Close the switch in figure 5»3, and
current will flow. The three ammeters would
show bow much current is flowing at various
points in the circuit. All the ammeters will
read the same amount of current, This is
the first important thing to remember about
a series circuit - current is the same at
all points throughout the circuit.

5-5. This is sometimes expressed in formula
form as:

It = 1111 IR2
Total Current Current

Current Thru RI Thru R2

It doesn't matter how many resistors you
have. If there were five resistors connected
in series in the circuit, the formula would
be:

IR1 IR2 IR3 IR4 IR5

5-6. Total resistance (11) in a series equals
the sum of the individual resistances.
Stated as a formula:

62

R = R 11t 1 2

Figure 5-2
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Figure 5-3

5-7. Before looking at what makes a series
circuit work, review the meaning of the
following terms:

a. Voltage - A force which causes
current to flow.

b. Current - Electrons moving in a
given direction.

c. Resistance An oppositionto current
flow.

The relationship of these terms canbe shown
by the use of Ohm's Law.

5 -8. Ohm's Law states that the current in
a circuit is directly proportional to the ap-
plied voltage and inversely proportional to
the resistance.

5-9. Ohm's Law is normally expressed as a
formula:

1 =E

By substituting numbers for E and R it
can be shown that as E is made larger, I
becomes larger; and as R is made larger,
I becomes smaller.
5-10. Ohm's Law is expressed in two other
forms:

E IR

En

If any two of 'he quantities are known
the other can be found.

5-11. To illustrate the use of Ohm's Law,
find the current in figure 5-4. It is a series
DC circuit with a power source, a control

Figure 6-4

device, a safety device, conductors, and a
load (consisting of two resistors). In order
to find the total current first find the total
resistance. Total resistance (R.) in a series
circuit equals the sum of tfie individual
resistances. Stated as a formula:

Rt R1 +R2 + . . .
Substituting the values of R1 and R2

Rt a 5 ohms + 10 ohms = 15 ohms

5-12. I( the circuit had contained five, 10,
or 100 resistors in series, they would all
have to be added to find the total resistance.
The battery or applied voltage (Ea) is 30 V;
Rt SI 15 Then:

Ea
30V ",

it =Icae `a%

The 2 amperes of current will be flowing
everywhere in the circuit.

5-13. Now notice what effect a change in
resistance or voltage will have on current
flow. For example, when the applied voltage
remains constant and the resistance is
doubled, current will be reduced to one half
of its original value. In the figure 5-4,
for instance, the resistance of the circuit
would now be 30 ohms and with the voltage
remaining constant:

63
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5-14. On the other hand, if voltage remains
constant, and the resistance is reduced to one-
half of its original value, current will double
its original value.

3j.y.It u_aE 4A
Rt

5-1.5. To summarize the relationships of
voltage, current and resistance:

a. If resistance remains constant and
voltage increases, current will increase.

b. U resistance remains constant and
voltage decreases, current will decrease.

c. If voltage remains constant and
resistance increases, current will decrease.

d. U voltage remains constant and re-
sistance decreases, current will increase.

5-16. Voltage is the force which causes cur-
rent to flow. It is not the same everywhere
in a series circuit, but is divided among
the individual resistances according to their
size - The voltage developed by each re-
sistance is called a "voltage drop" and the
total of the voltage drops is always equal
to the applied voltage - This fact is expressed
in the formula:

Ea = ER1
ER2 4..

Applied Voltage Voltage

Voltage drop of Ri drop of R2

5-17. In figure 5-4 the applied voltage, E.,
is 30 "olts. These 30 volts are "droppe5d"
across Ri and R2. The resistors are not
the same size so the voltage drops will
not be equal. By using Ohm's Law, the
voltage drop across each resistor can be
found.

5-18. Listing the known facts about figure 5-4:

Ea = 30 volts

It = =1112 = 2 amperes.

RI = 5 ohms

R2 = 10 ohms

Ohms Law formula; E IR or in this case

ER1 x R1, Substituting: ER1 2A x
5 it 10V. So the voltage drop across R1 = 10Ve

ER2
IR2 x R2

ER2 2A x 100 * 20V

5-19. The fact that the individual voltage
drops add to equal the applied voltage can
be confirmed by the formula:

Ea = ER1 *ER2

30V = 10V + 20V

30V 30V

5-20. In any DC series circuit, such as
the one just discussed, the missing
quantity (voltage, resistance, or current),
can be calculated by using Ohm's Law, U
any two of the quantities are known.

5-21. Mother important thing to remember
is, when there are two or more resistors
in a circuit, the larger resistance will
have the larger voltage drop.

R1 5 ohms

R2 10 ohms

ER1 10V

ER2 = 20V

5-22. In the circuit shown in figure 5-5,
solve for the total resistance, total current,
and individual voltage drops. The applied
voltage and the size of the resistors are
known.

Rt = R1 + R2 + R3

= 30 ohms + 50 ohms + 10 ohms

= 100 dune
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RI = 300

111--o
1501,

R2 :600

R3 = 10 0

REP4-109

Figure 5-5

Ea

It =fit

150V

E
R1

=ItxR1
= 1.5 amps x 30 ohms

= 45 volts

ER2 = It x R2

= 1.5 amps x 80 ohms

= 90 volts

ER3 = It x R3

= 1.5 amps x 10 ohms

=15 volts

Check in the formula:

Ea = ER1 + ER2 + ER3

150V = 45V + 90V + 15V

150V = 150V

36?

R2 2 100 a

Figure 5 -8

What is known about R1?

a. In a series circuit the current is the
same throughout the circuit. Thus, if 0.5
amps of current is flowing through R2, then
the same amount of current must be flowing
through Rl.

b. This 0.5 amps of cur rent flowing through
Rl produces a voltage drop of 25 volts which
is indicated by the voltmeter in the circuit
diagram.

These two facts allow the use of Ohm's

REP4410

Law:

R

ER1 25VR1 s-v = .50a

5-24. Take what you know and use it to
calculate what you don't know.

5-25. Up to this point in the analysis of
series circuits, you have been working with
Ohm's Law. Now you will learn to work
with Kirchhoff's Laws for current and voltage.
These laws may be stated as follows:

a. The algebraic sum of the currents
at any Junction of conductors is zero. This
means that the sum of all currents flowing
to a point must be equal to the sum of all
currents flowing away from that point.

5-23. Before making false starts, always b. The algebraic sum of the applied voltage
examine the circuit to see what is known. and the voltage drops around any closed
Remember, anytime we have two known circuit is zero. This means that in any
we can always solve for the unknown. In closed circuit, the applied voltage is equal
the circuit shown in figure 5-6, find the size to the sum of the voltage drops around the
of Rl. circuit.
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Stated in formula form:

a. It 4. litT "
b. Ea E

RI
+ ER2 +

5-26. Kirchhoff's Laws are used to find
unknown quantities of current and voltage in
any part of a series circuit. You found that
the total current flows through each resistor
in a series circuit, regardless of size or
number of resistors. So, current is the
same throughout the circuit. This is a
direct application of Kirchhoff's current law.
Refer to figure 5-7. It 2 amperes of current
flow into point A, 2 amperes of current
must flow away from point A.

5.27. Using the circuit in figure 5-8, apply
Ohm's and Kirchhoff's Laws to solve for
total current. First find the current through
resistor RI by applying Ohm's Law. Substitute
the la.- in values of ER1 and Rl and solve
for 1RI.

E
Since

, = ft

E RI 5 V

IR1
l

amp

5-28. The current flow through resistor RI
is 1 ampere. By applying Kirchhoff's current
law, you should be able to determine the
total current. The total current is 1 ampere
because in a series circuit, the current at
any point in the circuit is equal to the total
current.

5-29. To prove this point, add all the
resistors and apply Ohm's Law to check
the above:

2 AMPS 2 AMPS

.NIAIN

Figure 5-7
RIP4-911

ASP4'.912
Figure 5 -8

a
Ea

30 V
* 1 A

t nt

5-30. Once the current at any point in a
series circuit is known, Kirchhoff's current
law may be used for finding total current.
for example, the illustration shown intigure
5-9 has three unknown resistors connected
across a 165volt battery, and the current
through resistor RI is 15 amps. By applying

Kirchhoff's current law the total current
is 15 amps. Ohm's Law is used to solve
for total resistance.

Ea 165V 1101,14,*-i-= 73-x go

5-31. Once you have the basic ideas, all
of these problems are pretty' much alike.
Now, take up Kirchhoff's voltage law. This
law deals with voltage distribution in a
closed circuit.
5-32. Kirchhoff's voltage law states that the
applied voltage is equal to the sum of the
individual voltage drops in a closed circuit.
Referring to the circuit shown in figure
5-10, investigate this law.

R1

-7 Ea = 165V

t

1R1 =15 AMPS

R3

Figure 5-9
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Figure 5-10

5.33. The applied voltage is known and
the value of each resistor is known. By using
the total resistance equation, Rt = R1 + R2 + R3,
the total resistance can be determined. By
substituting the values in the equation:

Rt a 20 Ohms + 5 ohms + 25 ohms

The total resistance is 50 ohms. By using
Ohm's Law, the total current is:

Ea
100 V

I, al = = 2 A
k "t

-- 5 -34. In order to determine the voltage drop
across each resistor, simply use a form of
Ohm's Law, E =Mt.

ER1 = ItR1

= 2A x 20 ohms

= 40V

ER2 = ItR2

=.2A x 5 ohms

= 10V

ER3 a ItR3

a 2A x 25 ohms

= 50V

5.35. Kirchhoff's Law states that the sum
of the voltage drops is equal to the applied
voltage. Check this statement using the total
voltage equation.

R1 2a R2 6a

R3=40

RS -BO R4 =100

Figure 5 -11
REP4-9.15

Ea = ER1 + ER2 + ER3

= 40V + 10V + 50V

= 100V

5-36. Since the applied voltage is 100 volts,
and the application of Kirchhoff's voltage
11w, produces 100 volts; it checks out.
5-37. Solve another problem. This time the
applied voltage I., the unknown quantity. Use
both Kirchhoff's and Ohm's Laws to check
the solution. Use the circuit shown in figure
5-11.

5-38. Since the current through resistor El
is known, the total current of the circuit is
known (Kirchhoff's current law). By using the
total resistance equation, the total resistance
can be determined. Calculate the applied
voltage using Ohm's Law (E = III). Solve for
the applied voltage using Kirchhoff's Law
by taking the sum of the voltage drops in
the loop and see if the answers are the
same.

Solving with Ohm's Law E =IR, first
determine total resistance.

Then:

67
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Rt=R1 +R2 +R3 +R4 +R5

.2n+en.411 +1011 +811
=3051

Ea = ItRt

= 2A x 30 ohms

= 60 volts

3"



In this case, before applying Kirchhoff's
Law, you must first use Ohm's Law to
find the individual voltage drops.

Voltage drop across RI:

ERI ItRI

. 2 A x 2 ohms

= 4 V

Voltage drop across R2:

ER2 = ItR2

= 2 A x 0 ohms

= 12 V

Voltage drop across R3:

ER3 = ItR3

= 2A x 4 ohms

= 8V

Voltage drop across R4:

ER4 = ItR4

= 2 A x 10 ohms

= 20 V

Voltage drop across R5:

ER5 = ItR5

=2Ax 8 OIMIS

= 10 V

Applying Kirchhoff's Law

Ea ER1 f ER2 f
ER3

f ER4 f ER5

= 4V+ 12V +8V + 20V+ 10V

= 00 volts

. 4

5-39. Looking back at the gnawer derived
using Ohm's Law, you will see that the
answer is the same in both methods.

5.40. Electrical Power and Energy

5-41. Power is the rate of doing work per
unit of time. Work results from a force
acting on a muss over a distance. The
operation of electrical circuits involves a
force (voltage) acting on a mass (electrons)
over a distance. The amount of time required
to perform a given amount of work will
determine the power expended or dissipated.
Expreesed as an equation, the relationship
between power, work, and time is:

Where:

P Work

P = power in watts

Work = work in Joules

t * time in seconds

5-42. 'Since energy is the capacity to do
work, power can be defined as the time
rate of developing or expending energy.
In electrical circuits, electrical energy is
transformed into heat energy. Following
the law of conservation of energy, the heat
energy will be equal in value to the electrical
energy causing it. Therefore, by measuring
the amount of heat energy given off by an
electrical circuit in a given amount of
time, the amount of electrical power
consumed in the circuit can be determined.

5-43. An experiment measuring the heat
given off by an electrical circuit was
performed by an English physicist, James
Joule in 1843. He experimentally proved
that the amount of heat produced by an
electrical circuit was dependent upon
current and resistance. This proportional
relationship is known as Joule's Law, and
is stated as follows:

The amount of heat produced by a circuit
element is directly proportionil to
resistance, the square of the current, and
time.
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Expressed as an equation:

Heat = II x 12 x t

5-44. The amount of heat energy produced
is equal to the amount of work performed.

Therefore: Work R x 12 3C t

Since: p si EMIC
t

R x 12 x.tp w

Since:

Figure 5-12

R Ali

P = I
2R

11 1(.)

P eft
2= I x Ei

5-45. By substituting Ohm's Law values into
the power formula developed from Joule's 2 a
Law, other equations can be derived that
are useful in determining power.

Since:

RSP4-116

5-417. The unit of measure for electrical
power is the WATT(W). In each of the three

P = 12R derived equations, power will be in watts.
As an example: When I volt of potential

I E difference produces a current of I ampere,
a.tt the power expended is I watt. The watt

represents the rate at any given instant

P =12R
at which work is being done in moving
electrons through a circuit.

E 2
= (ft) x R

Example: What is the power expended in a

E
2 circult when an EH? of 5 volts causes a

= 7 x R current of 5 amps as indicated infigure 6-12?
R

E
2

. The resultant equation is useful when the
resistance and voltage are known.

5-46. The power formula can also be
expressed as an equation in terms of current
and voltage.

Given: I = 5 amps

E = 5 volt

P = ?

Solution: P = IE

5 amps x 5 volts

25 watts



SV 19

IMP4.417

Figure 5-13

5-48. If voltage and resistance are known,
as in figure 5-13, the formula containing
voltage and resistance is best suited to
compute power:

Given: E = 5 volts

R 1 ohm

P ?

E
2

Solution: P =

25

= 25 watts

5-49. Had the current and resistance been
known as in figure 5-14, the formula P= I2R
would apply.

Given: I = 5 amps

R = 1 ohm

P =?

Solution: P = I2R

(5)2(1)

25 watts

5-50. The previous examples demonstrated
that any form of the power formula may be
used to find power in a circuit. Likewise
if the power dissipated in a simple circuit
is known and the value of any one of the
other circuit quantities is known (E, I, or R),

'TO

Figure 5-14 ACP4-428

the value of the remaining quantities can
be found.

Example: The power dissipated by the 1 ohm
resistor in figure 5-15 is 25 watts. What is
the value of current and voltage in the
circuit?

Given: P = 25 watts

R = 1 ohm

E = ?

2

Solve for E: P_

E
2 PR

E Int
VIM

=1 or 5 volts

Solve for I: P I2R

P I
2R

R -rr
P 2

1
,2 p

=

I =1/7.

I =

a 5 amps

333

3 74



Re10
P25W

uP4 -929
Figure 5.15

5-51. With a knowledge of transposition of
equations, the solution of a simple circuit
can be found when any two values are known.
Circuits having known values of power and
current, or power and resistance, can be
solved sitrillaziy to the circuit of figure
5-15 by using Joule's Law and Ohm's Law
correctly. Always begin circuit analysis
by determining what is given and choosing
a formula with two known values and an
unknown that you wish to find.

5-52. So far the unit of electrical power
with respect to the watt has been discussed.
Quite frequently a larger unit of electrical
power called a KILOWATT (kW) is used.
One kW equals 1000 watts. Since power is
the rate of doing work or consuming energy,
the length of time power is used is the true
measure of energy consumed. It is common
practice to per %base electrical energy by
WATT -HOURS hours). This unit is
so small that the w.4 AILOWATTEOURS,
equal to 1000 watt hours, is used. As an
example, a 100-watt bulb requires 100 watts
of power for proper operation and comsuznes
100-watt hours of energy in 1 hour. In
terms of kilowatt-hours, the lamp uses 0.1
hour in 1 hour. In 10 hours of operation,
the bulb would consume 2 kilowatt-hour of
energy. In 24 hours, the bulb would consume
2.4 kilowatt-hours. At 5 cents per kilowatt
hour this would cost 12 cents.

Example: Three resistors are connected in
series across a 110V source as shown in
figure 5-16. With the information given,
find Rt. It ER1. ER2. ER3. PR1. PR2.
pR3, Pt, and the kilowatt-hours consumed
in 12 hours.

7:110V

RI 100

R2.200

Figure 5-16

Solutions: Rt R1 + R2 + R3

=10+20 +25
= 35 ohms

71
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EaIt At
=

110 V

se 2 amps

ERl se R-Id 1
= 2 A x 10 ohms

= 20 V

ER2 = IR2R2

= 2A x 20 ohms

= 40V

ER3 g IR3R3

la 2 A x 25 ohms

= 50 V

P
R1

= I2R

= 22 x 10 ohms

= 40W

PR2 = 12R

= 22 x 20 ohms

rg 80W

PR
3

= I
2R

= 22 x 25 ohms

= 100 W

RSPI0920
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Figure 5-17

5-53. Now that it is known how much power
is being expended by each resistor, simply
take the sum of the individual powers
for the total power. Stated in formula form:

Pt = P
R1

+ PR2 + P
R3

= 40W + 80W + 100W

= 220 W

5-54. Another way to determine the total
power expended in a circuit is to multiply
the total current by the applied voltage.
Stated in formula form:

Pt = It x Ea

= 2A x 110V

= 220 W

5-55. To determine the number of kilowatt-
hours, the following formula can be used:

kWh = W x t (time in hours)
1000

220 x 12
a 0617

2640
= T6OD

= 2.64

72

5-56. Electrical components are often given
a power rating. The power rating in watts
indicates the rate at which the device can
convert electrical energy into another form of
energy such as light, heat, or motion. An
example of such a rating is noted when
comparing a 150-watt lamp with a 100-watt
lamp. The higher wattage rating of the 150 -
watt lamp indicates it is capable of converting
more electrical energy into light energy than
the lamp of the lower rating. Other examples
of devices rated in this manner are soldering
irons and toasters,

5-57. In some electrical devices the wattage
rating indicates the maximum power the
device is designed to dissipate, rather than
the normal operating power. A 150-watt
lamp, for example, dissipates 150 watts
when operated at the rated voltage printed
on the bulb. In contrast, a device such as
a resistor is not normally given a voltage
or a current rating. A resistor is given a
power rating in watts and can be operated
at any combination of voltage and current
as long as the power rating is not exceeded.
In most circuits the actual power dissipated
by a resistor will be considerably less than
the resistor's power rating. In well-designed
circuits a safety factor of 100% or more is
allowed between the actual dissipation of the
resistor in the circuit and the power rating
listed by the manufacturer. The wattage
rating of the resistor is thus the maximum
power the resistor can dissipate without
damage from overheating.

5-58. Resistors of the same resistance value
are available with different wattage ratings.
Carbon resistors, for example, are commonly
made in wattage ratings of 1/8, 1/4, 1/2, 1,
and 2 watts. The larger the physical size
of a carbon resistor, the higher its wattage
rating, since a larger amount of material
will radiate more heat.

5-59. When resistors of wattage ratings
greater than 2 watts are needed, wire-
wound resistors are normally used. Wire-
wound resistors are made in sizes between
5 and 200 watts with special types being
used for power in excess of 200 watts. See
figure 5-17.

385

379



Figure 5-18

5-80. Characteristics of Series DC Circuits

a. The same current flows through each
part of a series circuit.

b. The total resistance of a series circuit
is equal to the sum of the individual
resistances.

c. The applied voltage in a series circuit
is equal to the sum of the individual voltage
drops.

d. The voltage drop across a resistor in
a series circuit is proportional to the ohmic
value of the resistor.

e. The total power dissipated in a series
circuit is equal to the sum of the individual
power dissipations.

5-61. Parallel Resistive Circuits

5-62. It is often necessary to connect
electrical devices so the entire source of
voltage is across each device. A circuit
having more than one path for current
flow is a parallel circuit. The diagram in
figure 5-18 shows a parallel circuit that
you should be very familiar with in your
home.

5-63. The same voltage source is being
applied across the lamp, iron, radio, and
vacuum cleaner. This brings you to the
requirements for a parallel circuit. They
are as follows:

a. A power source

73
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b. Conductors

c. Load devices

d. More than one path for current flow.

5-84. Refer to circuit in figure 5-19. Note
that points A, B, C, and D are connected
together and are one point electrically when
the switch is closed. Similarly points E, F,
G, and H comprise another electrical point.
The applied voltage appears between points
B and F, between points C and G, as well
as between points D and H. When resistors
are connected in parallel across a voltage
source, each resistor has the same voltage
applied. The currents may differ, depending
on the values of resistance. The voltage in
a parallel circuit may be expressed
mathematically as follows:

Ea = El =E2 =E3

Where Ea is the applied voltage, El is the
voltage across RI, E2 is across R2, and
E3 is across R3

A

a

386

Figure 5-19

R3

H

REPO -923
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Figure 5-20
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5-85. Refer to the circuit in figure 5-20.
Note that the total current divides among
the branches in a parallel circuit in a
manner depending on the resistance of each
branch. Branches in a parallel circuit with
low resistance draw more current than
branches with high resistance. Kirchhoff's
current law, as you remember, states: The
current flowing toward a point is equal
to the current flow away from a point. There-
fore, the current flow in the circuit may
be expressed mathematically as follows:

It = I 1 + li +13

5-66. Where It is the total current and II,
12, and 13 are the currents through Bl, B2,
and R3, respectively. To calculate the total
current, simply add the individual branch
currents by using the It formula. Before
calculating total current it will be necessary
to calculate the individual branch currents
by using Ohm's Law:

5-87. In a parallel circuit, you have seen
that:

It 0 Il + 12 + 13

By Ohm's Law, you
relationships:

EaIt so r

E
2

12 fr2

E
3

13 ° re

may obtain the following

5-68. Substitute these values in the equation
for total current.

Ea E1 E
2

E
3

5-69. In a parallel circuit Ea =Ei =E2 =E3.
Therefore,

Ea Ea Ea Ea
irt=m+k-vm

Divide through by Ea

1 1 1 1

Ir=111+112+1t1

Ea
6 V 5-70. This equation is known as the

I/ =ITI = ITN = .4 amps reciprocal formula for finding the total or
equivalent resistance of a parallel circuit.

Ea
6 V

Another form of the equation may be obtained
I2 = NE = tr- = .24 amps by solving for Rt. Thus,

Ea 6V
13 = 1.73 1-.2r " amPs

It = li + 12 + 12

= .4A +.24A +.5A

= 1.14 amps

flA

1Rt - 1/RI + 1 /R2 + 1/B3

5-71. An analysis of the equation for total
resistance in a parallel circuit reveals that
Rt is always less than the smallest resistive
branch in a parallel circuit. Thus, a 10-ohm,
a 20-ohm, and a 40-ohm resistor connected
in parallel have a total resistance of less
than 10 ohms.
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Figure 5-21

5-72. If there are only two resistors in a
parallel circuit, the reciprocal formula is:

1 1 1

frzffi*W2

5-73. This may be simplified still further
to a formula called the product over the sum
formula*.

'.

R
R1 x R2

t = Irm
5-74. The equivalent resistance of two
resistors in parallel is equal to the product
of the two resistors divided by their sum.
For example, a 20-ohm resistor and a 30-
ohm resistor in parallel are equivalent to a
resistor of 12 ohms. This isfound as follows:

20 x 30 600
Rt = = ..- 12 ohms

5-75. The total resistance of any number of
equal resistors connected luParallelle equal
to the resistance of one resistor divided
by the number of resistors. Expressed
mathematically,

RRt a g

where Rt is the total resistance, R is the
resistance of one resistor, and N is the
number of resistors.

5-76. For three 300-ohm resistors, this
equation may be derived as follows:

377

75

t.3 .3

Figure 5-22

1 1 1 1

lc imiri + RI + 113

1 1 1 1

ft": 375Z1 + EU + SW

1 3

rt= 3/21

300R = .t 3

* 100 ohms

5.77. When one branch has more than one
resistor, the first step will be to add the
series resistance. See figure 5-21.
5-78. The total resistance of the outer branch
(R2, R3 and R4) will be Re = 10+204.30=60
ohms. Because Re equals the value of RI,
then the formula Rt = 1.4. can be used to
find the total resistance.

Rt = -/
N

= 41 = 3011.

5-79. Quite often it will be necessary to
apply Kirchhoff's Law, as well as Ohm's
Law, when solving for unknown quantities
in a parallel circuit. Using the circuit in
figure 5-22, solve for the applied voltage.

5-80. Kirchhoff's voltage Law states that the
sum of the voltage drops in a closed loop
are equal to the applied voltage.Inthe circuit
shown above there are three separate closed
loops. They are ABFE, ACGE, and AWE.
Find the voltage drop in one loop, and you
have the applied voltage. To understand this
principle, solve loop ABFE by using ohm's
Law:



RI 1, 172

a20 kTo:. 60V 3° ka

Figure 5-23

Ea = IR

= 11111

= 2A x 15 ohms

= 30 volts

REP4 -927

5-81. Now, by using Ohm's Law, solve
loops ACGE and ADHE.

Ea =IR

= 12112

1 A x 30 ohms

30 volts

Ea = IR

=13113

= 1.5A x 20 ohms

= 30 volts

5-82. A good point to remember when dealing
with parallel resistive circuits is that the
applied voltage is equal to the total voltage
drop in any branch, or loop.

5-83. Using the circuit in figure 5-23,
- solve for the individual branch currents, when

given the applied voltage, and the branch
resistances. Using Kirchhoff's Law, you la ovi
that the voltage drop across each resistor
is equal to the applied voltage. By using
Ohm's Law, the current in each branch can
be calculated.

78
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Figure 5-24

, Ea
Ll =

80V
Nrra

= 2mA

Ea
L2

60V

= 3mA

E

13 = ES

60 V

172cW

a 5 na
5-84. Again, knowing and applying a principle
of Kirchhoff's voltage Law enables you
to solve for the individual branch currents.
Note, also, the fact that the highest current
flows through the branch that contains the
lowest resistance.

5-85. Using the circuit in figure 5-24,
solve for individual branch resistances.
The process is essentially the same as
when you solved for branch currents. By
Kirchhoff's Law, the voltage drop across
each resistor is equal to the applied
voltage. By using Ohm's Law, the
resistance in each branch can be calculated.
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Figure 5-25

Ea
RI ir

28V
TX

a 14 ohms

E
R2 = r

28 V

= 58 ohms

Ea
R3=

28V

= 28 ohms

5 -86. Perhaps the best method of showing
how to apply these different formulas is to
take an example of each and work it out
step by step. Refer to the parallel circuit
shown in figure 5-25. Because the resistors
are of unequal value and the circuit contains
more than two resistors, use the
reciprocal formula to solve for total re-
sistance.

Rt + 1/R2 +
1

1

1/90kn +1/4541 + 1 /30kft

1_
1/90 kn +2/9041 3/90kn

7'1

30 ho

111P4-929

rublirt

9041

= 15111

5..87. Another method often used to calculate
the total equivalent resistance using any
number of resistors in parallel is to assume
a convenient voltage across the parallel
branch. The cur rents that would flow thr ough
each branch with the assumedvoltage applied
are then added to obtain the total current.
The equivalent resistance is found by using
Ohm's Law - dividing the assumed voltage
by the total current.

5-88. For example, to find the total
resistance of the circuit shown in figure
5-25, use an assumed voltage. Choose
a voltage that is easily divisible by the
value of each of the resistors. In this case,
assume 90 volts is applied. Therefore:

90V
= = 1 mA

901/It = 2 niA
4511)

90 V ,
3111A

Now add the branch currents:
I t = + 12 + 13

= 1mA+2mA+ 3mA = mA

Divide total current into the assumed voltage
to determine total resistance:

3?0

E 90V
Rt =

a
117rIA 15k oluns



Figure 5-26

200

1204 -030

5-89. When an additional resistor is added
to any parallel resistive circuit, the total
resistance will decrease and total current
will increase. To examine this relationship,
refer to the circuit in figure 5-26.

5-90. First calculate total resistance
and total current with R3 out of the circuit.
81 is open.

R 10ARt - ri 2 "2. 541,

Ea
30 V nI,

L
= Ir. =Fa = 0 amp-

5-91. Now insert R3 into the circuit by
closing switch Si. Since the equivalent
(Re) of R1 and R2 is 5 ohms, there are
two unequal resistances in parallel. This
situation requires the use of the product
over the sum formula to calculate the total
resistance.

Re x R3
Rt 17, in.

5 x 20
=

100.

= 451

Ea
It = rt

30V

= 7.5 amps
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Figure 5-27

5-92. Thus, you can see that by adding a
resistor in parallel, the total resistance
decreased and the total current increased.
By removing \ resistors, the opposite
condition results.

5-93. The method of calculating the power
dissipated in a parallel DC circuit is identical
to the method used to calculate the power
dissipated in a series DC circuit. Using
the circuit in figure 3-27, determine the
power dissipated by each resistor and the
total power dissipated by the circuit.

5-94. Since the voltage and the individual
branch currents, are given the power
formula can be used in its original form:
P = IE . The power dissipated by each resistor
is equal to the current flowing through it
times the voltage drop across it. Thus,

PR1 = Il x El

= 2 mA x 60V = 120 mW

PR2 = 12 x E2

= 1 mA x 60V = 60mW

PR3 =13 x E3

= .5 mA x 60V = 30mW

5-95. The total power dissipated by any
circuit is always equal to the sum of the
power dissipated by the individual resistors.
Thus,

Pt = P
R1

+ P
R2

+ P
R3

= 120 mW + 60mW + 30mW = 210mW

391

38.0



0.96. The total power dissipated by the
circuit in figure 5-27 can also be calculated
by multiplying total current times the applied
voltage. To find total current, simply add
the individual branch currents. Total current
is equal to the sum of II plus 12 plus 13
or 3.5 mA. Thus,

p=IxE

3.5mA x 60V

= 210mW

5-97. The power formula has two other
forms, as learned in series resistive
circuits. If the total current and total re-
sistance are known, use this form of the
basic formula:

P =12 R

This formula can be used to calculate
individual branch powers or the total power
when the voltage is unknown. Refer to the
circuit shown in figure 5.28.

PRI (11)2 x RI

= (6 A)
2 x 20 ohms

= 720 W

P
R2

= (12)2 x R2

si (2 A)
2 x 60 ohms

= 240 W

P
R3

= (15)2 x R3

= (12 A)2 x 10 ohms

= 1440 W

Pt =PR1 +PR2 +PR3

= 720W + 240W + 1440W

= 2400W or 2.4 kW

5-98. The total power dissipated by the
circuit in figure 5-28 can also be calculated
by multiplying the total current squared

79
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Figure 5-28
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times the total resistance. To find the
total current, simply add the individual
branch currents. To find the total resistance,
use the reciprocal formula for three
resistors. In this circuit a 20-ohm, a 60.
ohm, and a 10-ohm resistor in parallel
equals a total resistance of 6 ohms. Thus,

P (I.1
2 x Rt r t

= (20 A)2 x 6 ohms
= 400 x 6
=2400 W or 2.4 k W

5-99. If the applied voltage and the total
resistance are known, use this form of the
basic formula.

5-100. Referring to the circuit in figure 5-28
again, calculate the total power dissipated
by the circuit. Before the above formula
can be used, it will be necessary to de-
termine the applied voltage. Since the
current through any one resistor is known,
as well as the ohmic value of that resistor,
calculate the voltage drop across that resistor
by using Ohm's Law. Once the voltage drop
across any one resistor in a parallel 'circuit
is known, the applied voltage is known.
Calculate the voltage drop across RI to
determine the applied voltage.

E a =E
R1

sl1 xR1

= 6 A x 20 ohms

= 120V

With an applied voltage of 120V and a total
resistance of 6 ohms, the total power
dissipated bythe circuit can nowbe calculated.
Thus,



Figure 5-29

E a
2

Pt 7-"t

(120 V)
2

2400W or 2.4kW

5-101. Characteristics of Parallel DC Circuits

a. The same voltage exists across each
branch of a parallel circuit, and is equal
to the applied voltage. Ea is common to all
branches.

b. The current through a branch of a
parallel network is directly proportional to
the applied voltage and inversely proportional
to the amount of resistance.of the branch.

c. The total current of a parallel circuit
is equal to the sum of the trench currents.

d. The total resistance of a parallel circuit
is equal to the reciprocal of the sum of the
reciprocals of Lae individual resistances of
the circuit and is always less than the
lowest resistance value.

e. The total power dissipated by aparallel
circuit is equal to the sum of the individual
power dissipations.

Figure 5-30

5-102. Resistive Bridge Circuits

5-103. Bridge circuits are frequently used
in electronics where a signal from one
device is used to control another device.
They are used in fire control, weapons
control, and bomb navigation systems. Some
bridge circuits have fixed components while
others contain adjustable components. Bridge
circuits with variable components are used
in very accurate test equipment. This lesson
is confined to resistive, DC bridge circuits.

5-104. Figure 5-29 shows a parallel circuit
with which we are already familiar. It has
two paths for current flow. Note the two
identifying points on the circuit, point A
between resistors R1 and R2 and point
B between resistors R3 and R4. Suppose
you take points A and B and stretch the
circuit. The result is a diamond shape.

5-105. To make a bridge circuit out of this
diamond shape, some type of resistive load
(the detecting device) must be connected
between points A and B as shown in figure
5-30.

5-106. Perhaps you can see a relationship in
the circuit already. U there is a difference
of potential between points A and B, current
will flow through the load device. The direction
of current flow is determined by the polarity
of voltage present at point A with respect
to point B. On the other hand, U there is
no difference of potential between points A
and B, no current will flow through the load
device. Quite often, when the bridge circuit
is used in electronic test instruments,

Figure 5-31
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Figure 5.32

the load device is a very sensitive meter
movement. Figure 5-31 shows a galvanom-
eter connected between points A and B.

5-107. The galvanometer is a sensitive
current-indicating meter which measures
magnitude and direction of current. flow.
With no current flowing through the meter,
the needle will point to zero. When the
galvanometer is reading zero, the bridge
circuit is said to be BALANCED. When
the bridge is in a balanced condition, there
is no difference of potential between point
A and point B.

5-108. To show that the circuit in figure
5-32 is a balanced bridge, use a RATIO
RELATIONSHIP. Using the ratio relation-
ship, RI is to R2 as R3 is to R4 or 2 ohms
is to 4 ohms as 3 ohms is to 6 ohms.
Setting this ratio up in mathematical form,
we have;

RI R3

Or

By cross multiplication, 12 ohms equals
12 ohms. The bridge is balanced.

5-109. Note in figure 5-32 the relationship
that exists between any two resistors in
the vertical or horizontal plane:

R1 R2
TR

Ea

and

In numbers,

and

Figure 5.33

RI R3
TR

3t3

REPO -937

5-110. Another method to determine if the
bridge is balanced is to determine the
Potential difference between points A and
B (figure 5-33). You could connect a volt-
meter between these points, but instead find
the answer by using Ohm's Law. In a paral-
lel circuit, Ea is the same in all branches.
But you can see that RI and R2 are in series
with each other and that R3 and R4 are also
in series with each other.
Step 1;

Find the resistance of Branch A and
Branch B.

Branch A:

Branch B;

RA =R1 +R2

= 2 ohms + 4 ohms

.= 6 ohms

RB R3 + R4

= 3 ohms + 6 ohms

= 9 ohms



Figure 5-34

Step 2:

Find the current through Branch A and
Branch B.

Branch A:

E
.1L-.

A
=

AA

18V_T
= 3 amps

Branch B:

18V
Ur

=tamps

Step 3:

Compute the potential at point A and
point B. A ground reference point has been
added to the circuit shown in figure 5-33.
With ground at this point, the potentials
at points A and B are positive with respect
to ground.

Voltage at point A:

EA = IA x R2

=3Ax 4 ohms

= 12 volts

82

Voltage at point B:

E
B

= 1 x R4

is 2 A x 6 ohms

a 12 volts

Step 4:

Find the voltage difference between point
A and point B.

12V - 12V = 0 volts

With 0 volts existing between the two points,
no current will flow through the galvanometer.
This is the condition of a balanced bridge.

5-111. Referring to the bridge circuit shown
in figure 5-34, determine the value the
unknown resistor must be to balance the
bridge.

Step 1:

Set up the basic ratio formula and insert
the known values.

Or

Step 2:

Solve for Rl.

RI R3
fi'2 IT4

RI t1*
grt

RI x 12 = 9 ohms x 4 otuns

12(RI) = 36 ohms

Rl = 3 ohms

When Rl equals 3 ohms, the bridge is in a
balanced condition. No difference ofpotential
exists between points A and B. Thisbalanced
bridge condition is indicated by a zero
reading on the galvanometer.

395
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5-112. In the foregoing examples, you have
been working with a balanced bridge circuit.
Examine the characteristics of the
UNBALANCED bridge circuit, in figure 545,
A positive way to determine whether the
bridge is balanced or unbalanced is to use
the ratio formula.

or

R1 R3
R2 1P R4

717 30
140 417

By cross multiplication, 28 does not equal
42, therefore, the bridge is unbalanced.
With the bridge unbalanced, a voltage exists
between points A and B. This voltage
can be determined by Ohm's Law.

Branch A:

R= 21 ohms

I'$
=21V

=lamp

Voltage at point A:

EulxR2

Ax 14 ohms

A 14 volts

Figure 5-35

Voltage at point B:

E=IxR4

= 3A x 4 ohms

= 12 volts

Voltage between points A and B

14 V 12V u 2 volts

The voltage between points A and B is 2
volts. Since point A is more positive than
point B, current will flow from point B
toward point A through the galvanometer. To
balance the bridge circuit shown in figure
5-35, the size of RI, R2, R3, or R4 must
change. ABM= that R4 is to be changed.
Again use the ratio:

or

Branch B: Solve for R4.

R = 7 ohms

1 ftE

21V

3 amps

83

7 x R4 = 14 x 3

7(R4) = 42

R4 7: 6 ohms

Replace the 4ohm resistor with a 6ohm
resistor and the bridge is again balanced.
There will be no voltage between points A and
B and the galvanometer will read zero.
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Figure 5-36

5-113. The principles of the bridge circuit
has been used to build an instrument to
measure unknown resistances. It is called
a Wheatstone Bridge. Look at figure 5-36.
R2 is variable and is connected to a dial
that is calibrated to read ohms. Rx is an
unknown resistance. To find the value of
Rx adjust R2 until the bridge is balanced,
then read the value of R2 on the dial. Why
is this true? In figure 5-36 notice that RI
is equal to RS. For the bridge to be balanced
R2 must be equal to Rx. Therefore the
dial reading of R2 gives the value of the
unknown resistor, Rx.

5-114. The largest resistor that could be
measured with the circuit shown in figure

5-36 is 1 megohm. The range of a Wheat-
stone Bridge is increased with the changes
shown in figure 5-37.

When Ita is less than 1 ohm, switch Sl
is placed in the Ra position. Then, resistor
Ra is adjusted to balance the bridge circuit.
The size of Rx is taken from the dial
reading on resistor Ra. With a iarger un-
known resistor, switch Sl must be rotated
to the position required to measure the un-
known value. For example, assume that the
unknown resistor is 900 k ohms. In this case
switch Sl must be placed in the Re position,
and the l-megohm resistor must be adjusted
for a readout.

Figure 5-37
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5415. SeriesParallel Resistive Circuits

5-116. A series-parallel cimit is simply
a group of parallel resistors connected in
series with other resistors. A series resistor
is one with total current (k) flowing through
it, so it is easy to locate. The current
distribution in a series-parallel circuit is
shown below in figure 5-38. The total cur-
rent leaving the negative side of the power
source splits and has two paths to flow, II
and 12, then it recombines for total current
flow through RI.

5-117. Any series-parallel circuit can be
solved by following these six steps:

a. Find the equivalent resistance (RE)
of the parallel branches and draw the
equivalent series circuit.

b. Add RE to the series resistance to
get Rt.

c. Calculate
at Ea /Rt).

d. Calculate voltage drops across series
resistor and equivalent resistor (ERE).

e. Calculate branch currents using ERE
for the parallel branches.

It using Ohm's Law

f. Calculate power dissipation.

NOTE: Wizen calculating total resistance
always start with resistors that are furtherest
from the power source.

5-118. Let's use these six steps to solve
an example problem. (Refer to figure 5-39).

Step 1: Find the RE (equivalent resistance)
of the parallel branches and draw the
e quivalent series circuit.

R2 x R3

18111 It 941
10111 Iksk,

162 x 16
si

0 =6k ohms
27 x l0

R2 and R3. are the parallel branches, and
by using the product over the sum formula,
we get an equivalent resistance (RE) of
8k ohms. Now, draw in equivalent series
circuit using RE in place of R2 and R3.
(Refer to figure 5-40.)

It
R1

It

R2

1111=k 4MP w it

Figure 5-38

12

Figure 5-39

Step 2: Add RE to the series resistance
(R1) to get Rt.

85

398

Rt RI + RE

2 k ohms + 6k ohms

=8k ohms

24V=
RE

6ka

R1 2ka
-AN*

Figure 5-40
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Step 3: Calculate It using Ohm's Law:

Ea
It a' tr

24V
13111..

= 3 mA

Remember, when dividing by k ohms the
answer will be in mA.

3 ?I"

ERE .....% .

IR3 il TT

18V
at

st 2mA

Total current equals the sum of the branch
currents.

I = I_ + I_t rt2 it3

Step 4: Calculate the voltage drops across 3mA = 1 mA + 2 mA
the series resistor and equivalent resistor
RE. Step 6: Calculate power dissipation.

PR1 = It x ER1E
R1

=ItxR1
= 3mA x 2k ohms

. (3 x 10-3) x (2 x 103)

=6V

ERE = It x RE

. 3mA x ek ohms

= (3 x 10-3) x (6 x 103)

= 1 8 V

The sum of the two voltage drops equals
the applied voltage. Kirchhoff's voltage law
is true.

Ea
=

ER1 + ERE

24V = 6V+ 18V

Step 5: Calculate branch currents using ERE
for the parallel branches.

z 3mA x 6V

= 18mW

PR2 =1R2 x ER2

= 1 mA x 18V

= 18mW

PR3 IR3 x ER3

= 2mA x 18V

7. 36 mW

The sum of the power dissipated by each
resistor equals the total power dissipated.

Pt = PR1 + PR2 + PR3

= 18mW + 18mW + 36mW

= 72 mW
E

REI
R2

z Tr Or Pt = It x Ea

18V
1 ES1 = 3mA x 24V

z 1 mA = 72mW

86 3 9 9
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RI 1.9 ka

.=
RE

40V ,. 2.i ha

T
Figure 5-41 Figure 5-42

5-119. Now work another example of a
series - parallel circuit using the six steps.
(Refer to figure 5-41).

Step 1: Find RE of the parallel branches
and redraw as a series circuit.

R2 x113RE =
112 + RS

3 4'1 x 7 krt
3 kn + 71ra

21 x 106=

10 x 10

= 2.1k ohms

= (10 x 10-3) x (1.9 x 103)

= 19V

ERE = lt x RE

0 10mA x 2.1k ohms

= (10 x 10-3) x (2.1 x 103)

= 21V

Step 5: Calculate branch currents using
ERE as the common voltage for the parallel
branches.

The equivalent series circuit would appear
as shown in figure 5-42. , ERE

AR2 ' 112-Step 2: Find Rt by adding R1 and RE.

Rt = R1 + RE 21V

(3 x 10 )11
= 1.9k ohms + 2.1k ohms

= 4k ohms = 7 x 10 »3A

Step 3: Calculate It using Ohm's Law. = 7 mA

EREEa
lit3 Tr1t = Irt

40 V

= 10 mA

Step 4: Calculate voltage drops using Ohm's
Law.

E
R1

= 1t x R1

= 10mA x 1.9k ohms

= 21V

(7 x 10 In,

= 3 x 10-3 A

= 3 mA

NOTE: The sum of the branch currents
equals the total current of 10 mA.
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Figure 5-43

Step 6: Calculate power dissipation. Use the
12R formula to calculate power.

PR1 = (It)2 x R1

-= (10n1A)2 x 1.9k ohms

= (10 x 10-3)2 x (1.9 x 103)

= (100 x 10-6) x (1.9 x 103)

= 190 x 10-3
W

= 190mW

PR2 = (1/42)2 x R2

= (7 mA)2 x 3k ohms

= (7 x 10-3)2 x (3 x 103)

= (49 x 10-6) x (3 x 103)

= 147 x 10-3W

= 147 mW

, ,,,,
PR3 = (1/43)2 X R3

z (3 x 10-3)2 x (7 x 103)

= (9 x 10-6) x (7 x 103)

= 63 x 10-3W

= 63mW

Pt = PR1 + PR2 + PR3

= 190 mW + 147 mW + 63 nsW

= 400 mW

88

90V

T
Vs/V

R2 6 ka

Figure 5-44

Ri 8 ka

Or

Pt = I t2 x Rt

= (10mA)2 x 4k ohms

= (10 x 183)2 x (4 x 103)

= (100 x 104) x (4 x 103)

= 400 x 103W

= 400 mW

RE

1 ka

5-120. Next solve a series-parallel circuit
containing three parallel resistors and two
series resistors. (Refer to figure 5-43).

Step 1. Find RE of parallel branches and
redraw the circuit.

RE =N

-2*
= 1 k ohm

The equivalent series circuit would appear
as shown in figure 5-44.

Step 2: Find Rt by adding RE and series
resistors.

Rt=R1+R2 +RE

= tilk ohms + 6k ohms + lk ohm

= 15k duns

401
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Step 3: Calculate It using

Ea

It * rt

90 Va

= 8 mA

Ohm's Law.

Step 4: Calculate voltage drops across the
resistors in the equivalent series circuit.

ERI =I txRI

= 6 mA x Bk ohms

=48V

ER2 = It x R2

= 6mA x 6k ohms

= 36V

ERE = It x RE

= 6mA x I k °fun

=6V

The sum of these three voltage drops equals
the applied voltage in accordance with
Kirchhoff's voltage law.

Step 5: Calculate branch currents using ERE
for the parallel branches.

ERE

IR3 * R3

6V
1-S-751.

= 2 mA

ERE

1R4 = -A-r

89

ERE
1 =
R5 ttoaR5

= 2 mA

The sum of the three branch currents
equals the total current of 8 mA.

Step 8: Calculate power dissipation.

402

PRI =1t xERI

= BmA x 48V

a 288 mW

PR2 ' It x ER2

= B mA x 3B V

= 216 mW

PR3 =1R3 x ER3

= 2mAx 6V

= 12 mW

PR4 =1R4 x ER4

= 2mAx 6V

= 12 mW

1R5 = IR5 x ER5

= 2 niA x 6V

= 12 mW

Pt = P
R1

+ .PR2 + PR3 + P
R4

+ P

= 288 mW + 216 mW + 12 tnW
+ 12 mW + 12 mW

= 540 tnW

39/



0 V

Or

Figure 5-45

Pt = It x Ea

= 8mA x 90V

= 540 mW

5-121. One final example will complete your
study of series-parallel circuits. (Refer to
figure 5-45).

Step 1: Find RE of the parallel branches,
then redraw equivalent series circuits.

NOTE: There are two series resistors, 11.1
and R4, in the last branch.

When a parallel branch has more than one
resistor in it you add the resistors together
to get the total resistance of that branch.
Then use that sum to solve for RE.

.1--rVa4 k.11..

$0 v..

T
Figure 5-46

Step 2: Find Rt.

Rt =111 + RE

=4k ohms + 8k ohms

= 10k ohms

Step 3: Calculate It.

Ea

It = tr;

50 V

Tan
= 5 mA

Step 4: Calculate the voltage drops.

ER1 "txR1
R2 x (R3 + R4)RE -
Ft2 + (R3 + RO = 5mA x 4k ohms

101tra x OM + 10kra) = 20V
...

10ka + (541, + loksli

_101 x aka
10kS 4. 54-1,

00 x IA x (15 x IA
(10 x 103) + (15 x 1-I"0 )

150 x 106

25 x 10

= 6 x 103 or 8k ohms

The equivalent series circuit will appear
as shown. (Refer to figure 5-46.)

90

E.RE It x RE

= 5mA x 6k ohms

= 30 V

Step 5: Calculate branch currents:

ERE

IR2 ler
30 V
NM

= 3mA

403
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ERE ER9 IR4 x R9

IRS + R4 a kid
ii 2 nip x 10k ohms

30 V

al 2 rnA

Step 6: Calculate power dissipation.

PRI =It xERI

= 5 mA x 20V

= 100mW

PR 2 u 1R2 x ER2

3mA x 30V

90mW

To determine the power dissipation for R3
and R4, first calculate the voltage drop
across R3 and R4. La3 and L

ki4
are the same

current, 2mA.

ER3 IR3 x R3

= 2 mA x 5k ohms

= 20V

Now calculate PR3
and PR4:

P
R3

= I
R3

x ER3

Or

= 2mA x 10V

= 20mW

PR4 u 1114 X ER4

= 2mA x 20V

= 40mW

Pt = PRI + PR2 + PR3 + PR4

= 100mW + 90mW + 20mW + 40mW

= 250mW

Pt = It x Ea

= 5 mA x 50V

= 10V 250mW
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Chapter 6

VOLTAGE DIVIDERS

6-1. Unlike the situation in the home, where
practically all electrical appliances operate
at the same voltage, radio and radar sets
require several different values of voltage,
even the small transistor radio requires
more than one value of voltage. It is
impractical to have a separate power source
for each value of voltage required, especially
since some electronic systems require
dozens of different voltage values. A device
which makes it possible to obtain more than
one voltage from a single power source is
known as a voltage divider.

6-2. A simple voltage divider, whose purpose
is to provide voltage values other than the
source voltage, is composed of a number of
resistors in series with a power source
as shown in figure 6-1. This circuit is
simply a series circuit. It has three resistors
connected across a source of voltage. Taps
are provided and identified as B and C.
In addition to the taps, a ground reference
point has been added to the circuit. The
applied voltage is available at point D.

150 15V

"= 30V 100 10v

SY

Figure 6-1

92

6-3, With the values shown in figure 6-1, it
is easy to see that there is a total resistance
of 30 ohms. The applied, voltage is 30 volts
(point D). By using the Ohm's Law (I=E divided
by II), 1 amp of current will be flowing
through the voltage divider network. This 1
amp of current will develop a foliage of 5
volts across the 5-ohm resistor, 10 volts
across the 10-ohm resistor, and 15 volts
across the 15-ohm resistor. The voltage
present at point A with respect to ground is
0 volts. The voltage at tap B with respect to
ground is 5 volts. The voltage at tap C with
respect to ground Is 15 volts (5V + 10V). The
voltage at point D with respect to ground is
30 volts (5V + 10V +15V)liote the voltage at
point D is the applied voltage. Thus, from
one common power source it is possible
to obtain several different values of
voltage.

6-4. Examine the voltage divider circuit
shown in figure 6-2 and see the different
values of voltage that can be supplied. By
summing the resistors, the total resistance
is 100 ohms. With 200 volts applied to the

E

400

300

R4

R3

.=.200Y

200 R2

!Oa al

a

Figure 6-2
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Figure 8-3

circuit, the current is 2 amps. The
voltage drop across each resistor is
as follows:

E
R1

a I x R1

= 2 A x 10 ohms

=20V

E
R2

= I x R2

= 2A x 20 ohms

= 40 V

ER3 = I x R3

= 2 A x 30 ohms

= 80V

ER4 = I x R4

= 2 A x 40 ohms

= 80V

6-5. Now see what voltage is available at
each tap with respect to ground. Between
tap B and ground, there is 20 volts. Between
tap C and ground, there is 80 volts.
(Remember, always add the voltage drops
from ground to the desired tap.) Between
tap E and ground, there is 200 volts or
the applied voltage.

93

406

..

0
.00V +30V -20V

A

R3
*

R2 RI

1

It
Ea =100V

Figure 8-4

8-8. Up to this point, you have studied
voltage diiider circuits that have one side
of the power supply grounded. Now, move the
ground from one side of the power supply
to some other point on the voltage divider.
See figure 8-3. By adding resistor values,
the total resistance is 200 ohms. With a
100-volt power supply, current will be .5
amps. Figure the voltage drops.

ER, = kx RI

= .5 A x 40 ohms

= 20V

ER2 12 I x R2

= .5A x 80 ohms

= 30V

ER3 = I x R3

n .5 A X 100 ohms

= 50V

8-7. The voltage drop across RI is 20volts.
Since the tap at point A is connected to the
negative side of the battery, the voltage at
point A is 20 volts negative with respect
to ground. See figure 6-4. Resistors R2 and
R3 are connected to the positive side of the
battery. Thus, the voltages at points C and
D will be positive with respect to ground.
The voltage drop across R2 makes point C
30 volts positive. The voltage at point D
will be equal to the voltage drop across R3
and R2 or 80 volts positive.
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6-8. Another way to determine the polarity
of a voltage drop with respect to ground
in a voltage divider is to trace the direction
of electron flow. This method of determining
polarity is shown in figure 6-5. If current
is flowing from a point toward ground,
the voltage at that point will be negative
with respect to ground. Since the current
flowing through R1 is flowing from point
A toward ground, the voltage at point A
is negative. If current is flowing toward
a point away from ground, the voltage at
that point will be positive with respect
to ground. Since the current flowing through
R3 is flowing toward point D and away from
ground, the voltage at point D is positive
with respect to ground.

A

Figure 6-8

8-0, With the arrangement shown in figure
04, the voltage at point A is negative 50
volts; at point B, negative 30 volts; and at
point D, positive 50 volts. Notice that figure
6-5 is the same circuit as figure 6-4,
except the ground was moved from point B
to point C. By merely changing the ground
point, an entirely different set of voltages
exist at the taps with respect to ground.

6-10. Now refer to the voltage divider circuit
shown in figure 8-8. The ground has now
been moved to point D. The voltage drop
across each resistor is still the same as in
figure 8-5, but the voltage available at each
tap is different. The voltage at point A is
-100 volts, at point B is -80 volts, and at
point C is -50 volts with respect to ground.

8-11. Quite often in electronic equipment,
the ground symbol not only represents the
reference point but it also denotes the metal
chassis. The value of using the metal chassis
for ground is noted when considering
economy, ease of circuit construction, and
ease of making electrical meausrements.
When completing each electrical circuit,
common points are connected directly to the
metal chassis; current flows through the
metal chassis (conductor) to reach other
points of the circuit. An example of using
the chassis as ground is illustrated in
figure 6-7.

I

I I
CONDUCTING CHASSIS

Figure 6-7
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6-12. Rheostats and Potentiometers

643. Quite often a voltage divider network
will make use of a variable resistor. The
variable resistor is one of two types. One
is called a RHEOSTAT and the other is
called a POTENTIOMETER. Both types are
shown in figure 6-8. There is a slight
difference between them. Rheostats have two
connections, one for the resistance element
and one foi the wiper arm. The potentiometer
has three connections, two for the element
and one for the wiper arm. Rheostats and
potentiometers have a wide range of values.

6-14. A rheostat is avariable resistor which
may be used as a control to vary the amount
of CURRENT which flows through a voltage
divider. A typical circuit in which a rheostat
is used is shown in figure 6-9. Since the
rheostat controls the current, it will
determine the voltage drop between point X
and ground.

6-15. Examine the schematic to see how
the rheostat performs its function. As the
slider arm is moved from A toward B, the
amount of resistance (AB) in the circuit is
increased. Since the rheostat and the fixed
resistor are in series, the total resistance
of the circuit also increases. The total
current in the circuit, therefore, decreases.
By a similar analysis, as the slider arm is
moved toward A, the total resistance
decreases and current increases.

6-16. Assign values to the circuit components
in figure 6-9 and calculate the total resistance.
total current, and voltage drop across RI
when the rheostat arm is first in position
A and then in position B.

95

POTENTIOMETER

B

Given:

Applied voltage at 12V

Rheostat value = 20 ohms

Fixed resistance = 80 ohms

Solution (wiper arm at A):

40S

Rt. rheostat resistance
+ fixed resistance

= 0 ohms + 60 ohms

80 ohms

Ea
It =

12V
2 Erri,

= .15 amps

B A

Figure 6-9
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Figure 6-10

ERI =1R1

6-18. A potentiometer is a variable resistor
used to vary the amount of VOLTAGE
applied to an electrical device or circuit,
A typical circuit in which a potentiometer
is used is shown in figure 6..10.

6-19. Examine the schematic to see how the
Potentiometer Performs its function. As the
slider arm of R2 is moved from A
to B, the amount of resistance in the basic
circuit does not change. If resistance does
not change, the current will not change.
However, if a voltmeter is connected in
the circuit as shown, a change in voltage
would be noted as the arm is moved.

= .15 A x 80 ohms
8-20. Assign values to the circuit

= 12 V components in figure 6.10 and determine the
change in voltage as the arm of potentiometer

Solution (wiper arm at B): R2 is moved from position A to position B.

R = rheostat resistance Given: Ea = 12 V
+ fixed resistance

RI i 80 ohms
=20 oiling + SO ohms

R2 * 20 ohms
= 100 ohms

Solution: Rt = R1 + R2

12V=T

= .12 amps

ERI = IRI

= .12 A x 80 ohms

= 9.6 V

6-17. From the above example it is evident
that the voltage drop across R1 willdecrease
from 12 V to 9.6V as the arm of the rheostat
is turned from position A to position 3. Note
28 total resistance increased, total current
decreased. This decrease in current causes
the voltage drop across RI to decrease.

96 .

= 80 ohms + 20 ohms

= 100 ohms

Ea.1 =
t Rt

12V

= .12A

ERI =I txR1

= .12A x 80 ohms

a 9.6 V

ER2
= It x R2

= .12 A x 20 ohms

= 2.4V

409
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6-21. When the arm of the potentiometer is
In position A, the voltmeter will read the
voltage drop across RI and 92. In formula
form:

Ea a ERI + ER2

a 9.6V + 2.4V

= 12V

8-22. When the arm of the potentiometer is
in position B, the voltmeter will read the
voltage drop across RI. In formula form:

EB 2 E RI

= 9.8V

6-23. It is now possible to obtain anydesired
voltage between 12V and 9.6V by simply
moving the arm of the potentiometer to
some point between point A and point B.

6-24. Using a potentiometer as a voltage
divider provides a means of obtaining a
variable voltage from a fixed voltage source,
The potentiometer is one of the most common
controls found in electronics. The volume
control on a radio receiver and the bright-
ness control on a television receiver are
examples of its use. In choosing a potenti-
ometer for a given purpose, follow the same
rules for a resistor. Select the proper
ohmic value and power rating.

6-25. Rheostats and potentiometers' are
constructed of a resistance material over
which a sliding contact moves. The resistance
may be distributed in many ways; the type
of distribution determines the classification
of the control as LINEAR or TAPERED.
The linear control has its resistance evenly
distributed over it's entire length. The
tapered control has more resistance per
unit length at one end than it has at the other.
As an example, one-half turn of a linear
control results in one-half of the total
resistance between one end and the slider,
while one-half turn of a tapered control
may result in one-tenth (or any fraction)
of the total resistance between one end and
the slider.

6-26. Tapered controls are used to perform
,... a specific job. The volume control on your
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radio is a tapered control. The taper is
used to compensate for the way the human
ear responds to the intensity of sound. Most
volume controls are constructed so that the
midpoint of the control divides the resistance
into one-tenth and nine-tenths parts.

6-27. Loaded Voltage Dividers

6-28. A load device is defined as any
component, mechanical or electrical, that
consumes power as it performs its function.
A resistor is often used as a load device.
We must distinguish between the terms
Itload device" and "load." LOAD MEANS
CURRENT. A light load means that a low
value of current is being drawn from the
power source or battery. A heavy load
means that a high value of current is being
drawn from the power source or battery. It
stands to reason, then, that the ohmic value
of the load device will determine the amount
of load placed on a given voltage source.
Placing the load device across a voltage
divider creates a LOADED voltage divider
circuit.

6-29. Figure 6-11 illustrates a loaded
voltage divider circuit with four different
load devices: a radio transmitter between
point A and ground, a radio receiver between
point B and ground, a fan motor between
point C and ground, and a lamp between point
D and ground. Careful inspection of this
loaded voltage divider circuit shows it to
be a series-parallel circuit.
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8 -30. To calculate the current and the voltage
within la voltage divider, use Kirchhoff's
Laws. The current law states that the sum
of the currents entering any point 1n- a
circuit will equal the sum of the currents
leaving that point. The voltage law states
that the sum of the voltage drops around
a closed loop will be equal to the applied
voltage. Keep these laws in mind while you
work with voltage dividers. The current
drawn from the power source divides between
the voltage divider and load devices; it
unites again as it returns to the power
source. The voltage divider, with the power
supply, form a closed loop, and the sum
of the voltage drops along the divider will
equal the applied voltage. The voltage across
the each load device will equal the
voltage present at the tap on the divider.
As shown In figure 6-11, the voltage dropped
across R4 is the voltage present at point
D with respect to ground. Since the lamp
is connected to point D on the divider, the
voltage dropped across R4 is the same voltage
that is applied across the lamp.

6-31. Take the voltage divider circuit shown
in figure 6-12 and solve for the voltage at
each point. The divider consists of four
resistors in series identified as RI, R2,
R3, and R4. Each load device is represented
by a resistor identified as R5, R6, RI, and
R8. Before solving for individual voltage

98

drops, calculate total resistance and total
current

6-33. The combined effect of the individual
load resistors and the voltage divider
resistors can be solved by starting at
the inside of the circuit and working out.
Solve for the total resistance of the circuit
in four steps.

Step 1 (figure 6-13):

R4 x R5Ra *R-47-3,

100 x 100

R3
50

R5
100 100

= 50 ohms Figure 6-13

Step 2 (figure 6-14):

(Ra + R3) x R6 R3Rb
° (1%a + R3) + Rd 50

Ra

(50 + 50) x 100 50

= t50 +TO) + 100

= 50 ohms

Step 3 (figure 6-1S):

-Figure 6-14

(50 + SO) x 100
150 + 50) + 100

a 50 ohms
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Step 4 (figure 6-16):

(Re + R1) x R6
t 6 + RI) +

(50 + 50) x 100
(50 + 50) + 100

a 50 ohms Figure 6-16

6-33. With the applied voltage and total
resistance known, total current can be
calculated by Ohm's Law.

Ea
100V

= Fur = 2 A

6-34. With the total current known, apply
Kirchhoff's Laws and Ohm's Law to
solve for individual branch currents and the
voltage at each point along the divider with
respect to ground. Figure 6-17 shows the
individual paths of currentthrough the divider
circuit. The total current in the circuit is
equal to the sum of the individual branch
currents, or:

It IR4 R5 R6 IR7 + IRS

6-35. To determine network RESISTANCE,
you worked from the inside. To determine

voltages, start with the outermost load
device. The voltage across resistor R8
(point A with respect, to ground) is the
source voltage. Use Ohm's Law to find the
current through R8, then solve for the
remaining currents, as indicated in figure
6-17.

6-36. The following steps are shown as
method of determining the voltage at each
point along the divider. Use figures 6.17
and 6-18 as an aid.

Step 1:

Ea = source voltage = 100V

Ea 100V
1118 Er pArir 1 A

Step 2:

Ira ailt-IR8 =2A - lAst lA

ER1
x R1 = 1 A x 50 ohms 50.V

EB=Ea -ER1 =100V - 50V = 50V

EB 50V
IR7 r WI 61'5A

Step 3:

IR2 -1R76/A"A"A
ER2 IR2 x E2 '5A x 50 ohms = 25v

1COV

RI
SO

R2
SO

100V R3
SO

Figure 6-17
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R4
100

12.SV
12.SV

0

R6 Rs
100 100

R7
100

Figure 6 -18



Rl
30K

Figure 6-19

EC = EB -ER2 = 50V - 25V = 25V

EC
25V

1R6 = T8 = i3Ort = .25A

Step 4:

IR3 1R2 IR6
*5 A - .25 A = .25 A

ER3 = IR3 x R3 = .25A x 50 ohms = 12.5 V

ED = EC - ER3 = 25 V - 12.5V = 12.5 V

ED
12.5 V ,..,, A

1R5- in = mn1 = .1.) A

ED 12.5 VIR4 = A-4 = .125 A

It IR4 + IR5 + IR6 + IR7 1.1118

=.125A+.125A+.25A+.5A+1A

=2A

6-37. Analyze the voltage divider circuit
shown in figure 6-19. The load resistor R3
is connected through switch S1 to point Y
on the voltage divider. First, calculate the
voltage at point Y with the switch open,
under a no-load condition. Second, calculate
the voltage at point Y under a loaded condition,
with the switch closed.

Switch Open:

Rt = R1 + R2 = 30krt + 30kri = 60kri .
.4

It =!Ea 120V
a ar = 2mA

t

ER2 si 1R2 x R2= 2mA x 30 k ohms = 60V

Ey IR ER2 = 60 V

6-38. The voltage at point Y without the
load device connected to the divider is 80
volts. Total resistance of the circuit is
60k ohms and the total current is 2mA.

Switch Closed:

0 R2 x R3 30 kft x 15 kr: 10k0.y.e firlri. 3 50krt + 15 krk

Rt = R1 + Re = 30141 + tokti = aka.

1

Ea
m

120V
t ir Tim = 3mAt

ER1 = IR, x R1 = 3mA x 30kft = 90V

Ey =Ea - ER1 = 120V - 90V = 30V

8-39. The voltage at point Y with the load
device connected to the divider is 30 volts.
Total resistance of the circuit is 40k ohms
and total current is 3mA. Looking back over
the calculations, the following are conclusions
concerning a load connected to a voltage
divider:

a. Total circuit resistance decreases.

b. Total circuit current increases.

c. The voltage drop across the loaded
portion of the divider decreases.

d. Voltage drop across the series resistor
increases.

6-40. All voltages obtained in the above
explanations have been positive in polarity.
In these examples, the negative terminal of
the battery was grounded. This makes all
other points in the circuit positive with
reference to ground.
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6.41. Recall that voltage dividers can supply
negative voltages when the positive battery
terminal is grounded. With the most positive
point grounded, all other points in the
circuit are negative with reference to that
point.

6-42. When you studied unloaded voltage
dividers, you learned that both positive and

101

-1 0....1 ,

61

negative voltages may be obtained from a
single voltage divider. This happens if some
point of the resistive network is grounded.
This point could NOT beone of the battery
terminals, but must be in the resistive
network of the voltage divider, Calculations
for these circuits are the same as for the
examples shown. Just keep in mind that
ground is merely a reference point.
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Chapter 7

TROUBLESHOOTING DC RESISTIVE CIRCUITS

7-1. Troubleshooting Series Resistive
Circuits

7-2. What is "troubleshooting"? It is the
process of locating causes for circuit failure
or troubles. At this time troubleshooting will
be limited to DC series resistive circuits that
contain opens and shorts.

7-3. Before proceeding,study the definition
of an open circuit, a short circuit, and
continuity.

OPEN CIRCUIT - A circuit that is not
complete or continuous, such as a broken
wire or burned out fuse.

SHORT CIRCUIT - A low resistance
connection between two points of 'different
potential in a circuit, usually accidental
and usually resulting in excessive current
flow that may cause damage.

CONTINUITY - A state of being continuous,
connected together, a circuit that is not
broken or does not have an open.

7-4. Consider some examples of opens. In
figure 7-1, the battery shown has a loose

LOOSE
CONNECTION

Figure 7-1

102

connection. A loose connection is the same
as no connection, which is the same as an
open circuit. Any circuit component with a
loose connection opens the circuit, which
stops current flow. Another type of trouble
that will cause an open is a burned out
component.

7-5. Figure 7-2 shows a burned out resistor.
When a resistor becomes overheated, one of
two things will happen: The resistor value
will change or the resistor will completely
burn apart due to the excessive current
flowing through it.

7 -6. Figure 7-3 shows three more likely
causes for an open circuit, a burned out
lamp bulb, a burned out fuse, and a broken
wire. All of these are examples of an open,
and they all give the same results.

7-7. The examples of opens, so far, could
have been found by visual inspection.
However, you will encounter opens in
circuits that cannot be seen. In these, you
will have to use a meter to locate the
open circuit.
7-8. The circuit in figure 7-4 is used to
light a lamp. Because of the open resistor,
you do not have continuity and the lamp will
not Light. Stippose the resistor appears to be all
right upon visual inspection. How can youtell
it is open: You can do this with a voltmeter
or an ohmmeter.

A

et

BURNED OUT RESISTOR

415
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BURNED OUT
FUSE

BURNED OUT
LAMP BULB

BROKEN
WIRE

Figure 7-3

7-9, First, connect the voltmeter across the
lamp as shown in figure 7-5. A reading of
0 volts will be indicated on the meter. The
reason for the zero reading is the open
resistor, which will not allow current to
flow through the circuit. With no current
flowing through the lamp, no voltage will
be dropped across the lamp.

7-10. So remember this: When you connect a
\... voltmeter across a good component in a series

circuit having an open circuit, the reading will
be zero.

7-11. Now, connect the voltmeter acrossthe
resistor as shown in figure 7-6.

7-12. The voltmeter has, in a sense, closed the
circuit by paralleling the burned out resistor
and provided continuity in the circuit. Current
will flow from the negative terminal of the
battery', through the switch, through the
voltmeter, through the lamp and back to the
positive terminal of the battery. This current
is too small to light the lamp due to the high
resistance of the voltmeter. As a result of
its high resistance the voltmeter will read
the applied voltage.

7-13. So, you have another gdod point to
remember. When the voltmeter is placed
acrosa the open component in a series
circuit, it will read the applied voltage.

,AA

REPO -S67
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7-14. An open component can also be found
with an ohmmeter. To use the ohmmeter,
the applied voltage, or battery, must be
disconnected. Notice that the battery in
figures 7-7 and 7-8 has been removed.
Now connect the ohmmeter across the lamp
as shown in figure 7-7.

)1`. RESISTOR
TERMINALS

BARE WIRES
TOUCHING

7..15. With the ohmmeter connected across
the lamp, you would read the resistance of
the lamp. A good point to remember: When
an ohmmeter is connected across a good
component, it will indicate the resistance
of the component. It also shows continuity.

7-16. With the ohmmeter connected across
the resistor as shown in figure .7-8, it will
indicate infinite resistance, or an open.
So remember, when you connect the ohmmeter
across an open component, the ohmmeter
will indicate infinite resistance.

7-17. By now you should have a clear
understanding of what an open is, and how
to find opens in a series DC circuit. Now,
study the other common trouble in
electrical circuits - the short.

7-16. You have seen how an open stops
current flow. Shorts produce just the opposite
effect. A short across a series component
produces a larger than normal current flow
by reducing resistance. Some examples of
shorts are shown in figure 7-9. The examples
of shorts are two bare wires in a circuit
touching each other, connecting the two
terminals of a resistor together, connecting
two terminals of a battery together, or
improper wiring.

Figure 74

BATTERY
LEADS
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Figure 7-10

7-19. Since you know that a short is a
connection of two conductors of a circuit
through a very low resistance, consider the
circuit shown in figure 7-10. This circuit
is designed to light a lamp. Since the
resistance of the lamp is normally low, a
resistor is ,connected in series with it to
control the amount of current flowing through
the lamp. If the lamp is shorted out, total
circuit resistance would decrease, and the
current would increase. This increase in
current would cause the resistor to become
hot. If the battery voltage were high enough,
the increased current could destroy the
resistor. However, since we have a safety
device (fuse) in the circuit, the fuse should
open before the resistor is damaged. The
fuse is designed to open the circuit before
the current exceeds the rated values for the
other components in the circuit.

7-20. Usually, a short circuit will produce an
open circuit by either blowing the fuse or
burning out a component. However, in a
circuit such as the one in figure. 7-11,
there may be additional resistors in the
circuit which will not allow one shorted
resistor to increase the current sufficiently
to blow the fuse or burn out a component.
Examine the circuit and determine the
increase in current that will be caused by a
shorted resistor.

7-21. First, consider the circuit without
a short.

100y

SA Fi
R4

5 a /200w

RI

20 a /200W

500 /200W

R3

25 CI /200W

REPO -594

Figure 7-11

a. Rt = R1 + R2 + R3 + R4

R2

20$1, + 5Ort + 25S1 + 51),

a 100 ohms

Ea
b. It T

100V
OUT

=lamp

7-22. Now see what happens when R2 is
shorted.

Rt R1 + R3 +

20 ohms + 25 ohms + 5 ohms

a 50 ohms

Ea

It =fit

100 V

= 2 amps

7-23. With resistor R2 shorted out, the fuse
will not blow since the current does not
exceed the rating of the fuse. The current
is insufficient to damage any of the remaining
resistors. As in the case of the open,
use either a voltmeter or ohmmeter to find'
the short if it is not visually apparent.
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Figure 7.12

50V
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7-24. In figure 7-11, suppose resistors
R1, R2, and R3 were shorted out. In this.
case the values would be:

Rt = R4

= 5 ohms

E
...A

aL
t

.
Rt

. 100 V

= 20 amps
7-25. Now the current has exceeded the
rating of the fuse (5 amps). The fuse will
blow and result in an open circuit.

7-26. In figure 7-12, a voltmeter is connected
across each resistor in the circuit. The
reading on the meter connected across re-
sistor RI indicates 40 volts, across R2 -
0 volts, across R3 - 50 volts, and across
R4 - 10 volts. The voltage that would normally
have been dropped across R2 has been re-
distributed among Rl, R3 and R4. The rule
for finding a short using a voltmeter is:

When the voltmeter is connected across a
good component in a series circuit that
contains a short, the meter will indicate
a higher than normal voltage (if only
two resistors were in the circuit, the
meter would read the applied voltage),

5g

Figure 7-13

25g
REP4-576

and when the voltmeter is connected across
a shorted component in a series circuit,
the meter will read zero.

7-27. To find a short using the ohmmeter,
make an intentional open circuit by discon-
necting the battery. Take four ohmmeters and
connect them as shown in figure 7-13. The
location of the short would be obvious.

7-28. In figure 7-13, the ohmmeter connected
across resistor Rl is reading 20 ohms, the
meter across R2 is reading zero, the meter
across R3 is reading 25 ohms, and the
meter across R4 is 5 ohms. So the rules
for finding a short with the ohmmeter are

When the ohmmeter is connected across
a good component in a series circuit, the
meter will indicate the resistance of the
component. When the ohmmeter is
connected across a shorted component,
it will indicate zero ohms resistance.

7-29. In some cases the resistor will not
be shorted, but it has changed value. In
this case you will have to compare the
color coded value to the value indicated by
the ohmmeter,

7-30. When troubleshooting series DC
circuits, remember open circuits have no
current flow and shorted circuits have too
much current flow.
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Figure 7-14

7-31. Troubleshooting Parallel Resistive
Circuits

7-32. Troubleshooting parallel circuits
follows the same techniques used in trouble-
shooting series circuits. That is, use a
multiineter to ald in locating a defective
component. The only difference in trouble-
shooting a parallel circuit is in the indications
produced by a defective component. For
example, an open component in a series
circuit gives an indication of no circuit
current. This indication is not true with
respect to a parallel circuit. An open
component in a parallel circuit gives an
indication of a decrease in total current.

7-33. Take the parallel circuit shown in
figure 7-14 and see what effect an open
resistor has on circuit operation. For ease
of explanation three resistors of equal
size have been used. Assume that
resistor R3 is open. Current continues to
flow through the good components in a
parallel circuit. However, current ceases
to flow through the open component. An
open component in this type of circuit cannot
be detected with a voltmeter. A quick way
to detect an open component or resistor
in this case is to use an ammeter
or ohmmeter. Before going any further
calculate current through Rl.

. ..'.:. -

REP0,578

Figure 7-15

R3

7-34. Since all resistors in this circuit
are of equal size and the current flow
through R1 is known then, by Ohm's and
Eirchhoff's Laws, the current flow through
R2 must be 1 amp and the current Sow
through R3 will also equal 1 amp. Total
current How equals the sum of the branch
currents.

It st1A+1A +1A

g 3 A

Since the total current and branch cur-
rents are known, insert an ammeter into
the circuit as shown in figure 7-15. At this
point in the circuit, the ammeter should
read the total current, 3 amps. However,
as indicated in the diagram, the meter reads
2 amps. Since the branch current is equal
to 1 amp in each branch, then one branch
must be open. If the ammeter is inserted
into each branch at point X, the current
through El would indicate 1 amp, through
R2 would indicate 1 amp, and through R3
would indicate 0 amps.

7-35. So now we can say: When a parallel
circuit contains an open branch, no current
flows in that branch and the total current
of the circuit decreases. The reason the
total current decreases is because the total
resistance (an open would be the same as
removing R3) has increased. When trouble-
shooting a parallel circuit with an ammeter,
the open resistor will be located by a
reading of zero current in that branch.
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Figure 7-18

7-36. Another way to locate this same trouble
is with the use of an ohmmeter. If an ohm-
meter were connected across R3, as shown
in figure 7-18, a reading of continuity
would be obtained. This is because R3
is in parallel with RI and R2. Although
P.3 is open, the ohmmeter will still measure
the resistance of RI and R2 in parallel.
Two 30-ohm resistors in parallel would give
us an equivalent resistance of 15 ohms
(Rt = R/N). Note that the battery is dis-
connected whcn the ohmmeter is used.

7-37. To accurately determine the condition
of R3 with the use of an ohmmeter,
intentionally open the circuit as shown
in figure 7-17. In this manner the re-
sistor being checked, R3, is not shunted
or paralleled by RI and R2. If R3 is open;
the ohmmeter would indicate an infinite re-
sistance. In other words, to check the
resistance of a resistor in a parallel circuit,
one end of the resistor must be disconnected
from the circuit.

7-38. In a series circuit, you learned that
a voltmeter is often used as an aid in
locating a defective component such as an
open resistor. You also learned that a
voltmeter reads the applied voltage when it
is placed across an open circuit. This
technique cannot be followed in trouble-
shooting a simple parallel circuit. Refer
back to figure 7-15. Resistor R3 is open.
If you placed a voltmeter across R3, it
would read the applied voltage, 30 V. If
you placed a voltmeter across RI and R2,
it would also read the applied voltage.
Remember, in a parallel circuit, there is
only one voltage, which is the apptied voltage.
When a voltmeter is placed across a good
component or an open component in a simple
parallel circuit, the voltmeter still reads
the apptied voltage.It 10110w8 then in trouble-
shooting a parallel circuit that you should
rely upon the use of an ammeter or ohmmeter
to locate a defective component.

. .,
Figure 7-17

. ,
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Figure 7-18

7.39. In one way or another you have always
applied troubleshooting techniques to your
everyday tiling. Take, for example, the
parallel circuit shown in figure 7-18.

Suppose, when you operate the switches,
the radio and overhead lamp work; but your
desk lamp failed to light. Because the
radio and overhead lamp work, you
immediately assume voltage is being applied
to the circuit. You would now probably check
the bulb, cord, and switch, in that order,
to determine what specific component part
of the lamp was defective. This example
simply illustrates the point that when a
parallel circuit contains an open branch,
the remaining branches continue to function.

7 -40. Thus far, troubleshooting parallel
circuits has dealt with open components.
Now see what effect a shorted component
has on a parallel circuit. Refer to
figure 7-19. Assume R3 is shorted.
This condition would present a cur-
rent path with negligible resistance.

RSPB -582

Current would increase to an excessive
value' through the short.

7-41. Another way to look at the circuit
with R3 shorted is Just like connecting the
two terminals of the battery together. In
either case, current rises to an excessive
value and the fuse would burn out. Once
the fuse has blown, the circuit also has an
open condition.

7 -42. Since the indication of a shorted
component is usually a blown fuse, trouble-
shoo- ex with an ammeter or voltmeter
becomes difficult. However, you still have
the ohmmeter as an aid in locating the
defective component. As in the case of
troubleshooting for an open resistor in a
parallel circuit, a shorted resistor can be
detected with an ohmmeter only if one end
is disconnected as illustrated in figure 7-17.

A shorted resistor will give a reading of
0 ohms on the ohmmeter.

f
. ..a .

.. .

Figure 7-19
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Figure 7-20

7.43. Troubleshooting Series-Parallel
Circuits

7.44. Troubleshooting a series-parallel
resistive circuit is similar to troubleshooting
a series or a parallel resistive circuit.
Two troubles you will encounter in a series-
parallel circuit are our old enemies - the
open and the short. First, see what
effect an open has on a series-parallel
circuit. Refer to figure 7-20. Note that an
open has occurred in the series portion of
the circuit.

7-45. When an open occurs anywhere in
the series portion of a series-parallel circuit,
current flow in the entire circuit will stop.
In this case the circuit will cease to function
and the lamp will not light. If an open
occurs in the parallel portion of a series-
parallel circuit, the remaining portion of
the circuit will continue to function. Refer
to figure 7-21. In this case the lamp will
continue to burn, but brighter. Analyzing the
circuit indicates that with R2 open, the
circuit becomes a simple series circuit.
Also, with R2 out of the circuit, total
resistance increases and total current
decreases. A decrease in total current
results in a decrease in voltage drop across
RI. :I the voltage drop across RI decreases,
then, by Kirchhoff's Law the voltage drop

R1

BREAK-.
R2

Fl

Figure 7-21

across the lamp must increase. This increase
involtage across the lamp will cause current
through the lamp to increase and the lamp
will glow brighter. If current through the lamp
is excessive, the lamp will burn out and
all current flow will cease.

7-46. If an open occurs in the branch
containing the lamp, as shown in figure 7-22,
the lamp will fail to glow, but current through
the series portion of the circuit will continue
to flow. This time the increase in voltage
will be felt across R2.

7-47. Another approach to troubleshooting a
series-parallel circuit is with the use of a
voltmeter or ohmmeter. Refer to the circuit
diagram in figure 7-23.

7-48. Troubleshooting series-parallel
circuits with a voltmeter can be easy, if
component sizes and the applied voltage
are known. With a little mathematical
computation, troubleshooting can be done
with accuracy.

7-49. To theoretically troubleshoot the
circuit in figure 7-23, you must make certain
assumptions. The first assumption is that
all components are good, except the one
being checked.

Figure 7-22
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COMPONENT OPENED SHORTED ,. GOOD

SWITCH APPLIED VOLTAGE OV WHEN CLOSED -0V
WHEN OPEN - te

FUSE APPLIED VOLTAGE OV SMALL VOLTAGE

Ri APPLIED VOLTAGE OV A PORTION OF THE
APPLIED VOLTAGE

R2 VOLTAGE WILL INCREASE OV A PORTION OF THE
APPLIED VOLTAGE

R3 VOLTAGE WILL INCREASE OV A PORTION OF THE
APPLIED VOLTAGE

Chart 7-1

7-50. Chart 7-1 gives the indications which
can be expected when the voltmeter is placed
across each component.

7-51. Troubleshooting with an ohmmeter
can be accomplished in a similar manner.
Remember, whenever troubleshooting with
an ohmmeter, the power must first be

-..- removed from the circuit. Power has been
removed in figure 7-24 by opening SI.
Begin by checking the series portion of the
circuit. By placing the meter between points
A and B, the resistance of RI canbe checked.
If resistor RI is open, a reading of infinite
resistance will be obtained on the meter. 11
RI is good, its value on the meter will
be the color coded value.

7-52. Connecting the meter between points
D and E will check the fuse. If the base is
open, a reading of infinite resistance will

Figure 7-24
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be obtained on the meter. 11 the fuse is good,
a reading of near zero resistance will be
obtained.

7-53. Like the voltmeter, the ohmmeter
can give misleading indications in the parallel
portion of the circuit. In order to check
the circuit between points B and E, one of
these points will have to be broken (dis-
connected) as in figure 7-25.

7-54, With the top resistor R2 disconnected,
a meter placed between points B and E
would check the circuit from B to C, C to
F, and F to E.

7-55. Troubleshooting R2 shoud present no
problem. Simply connect the ohmmeter
across R2. An open resistor would be
indicated by an infinite reading.

Figure 7-25
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Figure 7.26
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7-56. Now see how a short affects a series-
parallel circuit. A short in the series
portion of a series-parallel circuit will
cause a decrease in total resistance. This,
in turn, will cause the total current to
increase. Examine the circuit as shown in
figure 7-26.

7-57. Since R1 is 50 ohms and the equivalent
resistance of R2 and R3 is 50 ohms, the total
resistance is 100 ohms. The total current is
2 amps. If R1 becomes shorted, the total
resistance would decrease to 50 ohms and the
total current would increase to 4 amps.
This increase in current would be sufficient
to blow the 3-amp fuse. The same thingwould
occur in the circuit U either R2 or R3
became shorted. The total resistance in the
circuit would be 50 ohms, the value of the
series resistor only.

7-58. From your study you should conclude
that any time a short occurs in a series-
parallel circuit, the total resistance will de-
crease and the total current will increase.
A short will often produce an open circuit
by either blowing the fuse or burning out
a circuit component.

7-59. Like an open, a short can be detected
with either a voltmeter or an ohmmeter.
Examine the circuit shown in figure .7-27.

R3
MOO

112

I o

Figure 7-27

7-60. Placing the voltmeter across points
B and E would indicate the condition of
R1 and Fl. If R1 is shorted, the applied
voltage would be indicated between these
points. If R1 is good, the voltage
indicated would be less than the ap-
plied voltage.

7-61. An indication of a short in the parallel
portion of the circuit may be obtained with
a voltmeter, but the particular defective
branch cannot be determined. By connecting
the voltmeter across points B and E, the
parallel combination can be checked. If one
of the resistors in the parallel combination
is shorted, the voltage reading between
points B and E will be zero. It is
assumed that El is good. To determine
whidh resistor is shorted, either R2 or R3
will have to be disconnected from the circuit
and checked individually.

7-62. Troubleshooting for a short with the
ohmmeter is an identical process of that of
troubleshooting for an open. The only dif-
ference will be in the reading obtained on
the meter. When the ohmmeter is connected
across a shorted component, a reading of
zero will be indicated. Remember to always
remove the power source from the circuit
before using the ohmmeter.
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ELECTRONICPRINC1PLES (MODULAR SELF-PACED)

MODULE 2

SAFETY AND FIRST AID .

This guidance package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources ..
you may study, enabling you to satisfy the learning objectives.
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Overview 1

List of Resources 2
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.... SAFETY AND FIRST AID

OVERVIEW

1. SCOPE: Safety is the responsibility of every individual in the Air Force. This includes

personal safety and the safety of others. Common causes of accidents are identified and
safety precautions to be used near electrical equipment are discussed. Treatment of shock

victims is explained as well as the procedure for controlling fire.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following

objectives:

a. From a group of statements, select those that describe safety precautions whch should

be observed when working on electrical equipment.

b. From a group of statements, select those which name the proper first aid measure to
be used for the treatment of electrical shock.

c. From a list of fire extinguisher types, select the one used for electrical fires.

AT THIS POINT, YOU MAY TAKE THE MODULE SELFCHECK.

IF YOU DECIDE NOT TO TAKE THE MODULE SELFCHECK, TURN TO THE MIT PAGE
AND PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT
YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS. .

X428

1

917



LIST OF RESOURCES

SAFETY AND FIRST AID

TO Batley the objectives of this module, you may choose, according to your training,

experience, and preferences, any or all of the following:

READING MATERIALS:

Digest

Adjunct Guide with Student Text

AUDIO-VISUALS

Television Lesson, Safety, TAT 30-10IB

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

2 " 429, A
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DIGEST

...0 SAFETY AND FIRST AU)

CAUSES OF ACCIDENTS

Accidents are expensive. The result of accidents is the loss, damage, or destruction of
equipment, as Well as injury and death to personnel. Accidents can be prevented by eliminating
their causes. Some of the common causes of accidents are:

1. Carelessness

2. Horseplay

3. Lack of experience

4. Failure to follow instructions

5. Failure to observe proper safety precautions

6. Improper use of tools and equipment.

PRECAUTIONS

The possibility of electrical shock is the greatest hazard associated with electronic
equipment. Some of the precautions to always observe while working on electronic equipment
are:

1. Remove jewelry.

2. Keep one hand in your pocket.

3. Have a safety observer.

4. Avoid contact with energized components.

5. Don't experiment.

ELECTRICAL SHOCK TREATMENT

In the event of an accident and the body comes in contact with an energized component,
the electric shock may be severe enough to interrupt normal body functions and cause
respiratory system or heart failure. The proper first aid treatment for severe electric shock
is the immediate restoration of the victim's heartbeat and breathing. The use of closed chest
heart massage is recommended for the restoration of the heartbeat and mouth to mouth
resuscitation is recommended for the restoration of breathing.

ELECTRICAL FIRES

Electrical fires are a result of equipment failure or misuse. The use of a water type
extinguisher on an electrical fire is not feasible because the water would place the operator
in contact with the electrical components. A dry chemical such as carbon dioxide must be
used to displace the oxygen near the fire to extinguish the blaze.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

3
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ADJUNCT GUIDE

SAFETY AND FIRST MD

INSTRUCTIONS:

Study the reference material as directed.

Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page
following the questions.

It you experience any difficulty, contact your instructor.

Begin the program.

A. Turn to Student Text Volume I andreadparagraphs 1-1 through 1-7. Return to this page and
answer the following questions.

1. List the two major causes of accidents.

a.

b.

2. Human characteristics that cause human errors include:

a.

b.

c.

d.

e,

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student Handout, Safety Precautions and First Aid for Electronic Environment,
KEP 112, and read SAFETY on page 1. Return to this page and answer the following questions.

1. List five causes of accidents.

a.

b.

c.

d.

e.

4
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2. It is your responsibility to and
unsafe conditions which cause accidents.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

ADJUNCT GUIDE

C. Turn to Student Text Volume I and read paragraphs 1-8 through 1-24. Return to this page
and answer the following questions.

1. The dangers of electricity can be avoided by the'use of:

a.

b.

c.

2. List eight precautions to observe while working on electronic equipment.

e.

b. f.

c. g.

d. ft.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. Turn to Student Text Volume I and read paragraphs 1-25 through I-37. Return to this Page
and answer the following questions.

I. When someone comes in contact with a HOT wire, you should:

.. a. Call for medical assistance.

b. Start artificial respiration immediately.

c. Remove the victim from the electrical source.

d. Clear the air passage.

2. The best method of artificial respiration is the

a. Prone pressure method.

b. Back pressure, arm lift method.

c. Back pressure, hip lift method.

d. Mouth to mouth resuscitation method.

Continue to bottom of next page for next question.

5



ADJUNCT GUIDE

LiA2,

ANSWERS TO A.

la. human error. b. material failure.

2a. inattentiveness.
b. excitability.
c. impatience.

d. carelessness.
e. ignorance.

If you missed ANY questions, review the material before you continue. If not, proceed to item B.

ANSWERS TO B.

la. NOT following safety precautions. d. Operating equipment without authority or
b. NOT using safety devices. experience.
c. Horseplay. e. carelessness.

2. identity, eliminate.

If you missed ANY questions, reviewthematerialbefore you continue. If not, proceed to item C.

ANSWERS TO C.

la. Common sense. c. Knowledge.
b. Safety precautions.

2a. Turn equipment Off.
b. Never depend on a fuse to protect

human life.
c. Keep hands free of extra tools.
d. Be a one-armed technician.
e. Don't experiment.

f. Don't wear Jewelry, rings, watches,
bracelets, etc.

g. Keep dry.
h. Check equipment grounds.

If you missed ANY questions, reviewthematerialbefore you continue. If not, proceed to item D.

3. Artificial respiration should be continued until

a. a doctor arrives.

b. the eyes dilate.

c. color returns to the skin.

d. victim starts breathing.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED 1):16E.
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ADJUNCT GUIDE

... E. Turn to Student Handout, Safety Precautions and First Aid for Electronic Environments,
KEP 112, and read page 14. Return to this page and answer the following questions,

1, Cardiac arrest closed heart massage requires the efforts of

.... a. one person,

b. two persons,

.. c. three persons.

d. four persons.

2. Using the closed heart massage procedure, the

... a. chest is compressed 3 cm to 5 cm and held for 1/2 second, 60 to 80 times per minute.

... b. chest is compressed 1/2 cm and held for 3 to 5 seconds, 12 to 20 times per minute.

c. chest is expanded 12 to 20 times per minute.

d. chest is expanded 3 cm to 5 cm, 80 to 80 times per minute.

3. The victim's eyes will dilate when

a. blood circulation is adequate.

b. air circulation is adequate.

c. blood circulation is inadequate.

d. air circulation is inadequate.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

F. Turn to Student Text Volume I and read paragraphs 1-54 through 1-58. Return to this page
and answer the following questions.

1. Class A fires are usually

. a. 011 or solvents.

_ b. electrical.

c. wood or paper.

d. gasoline.

4 I,
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ADJUNCT GUIDE

ANSWERS TO D.

1. c 2.d 3.d

If you missed ANY questions, review the materialbefore you continue. If not, proceed to item E.

ANSWERS TO E.

1. b 2. a 3. c

If you missed ANY questions, review the material before you continue. If not, proceed to item F.

2. Class B fires are best extinguished using

a. water.

b. soda acid.

MM c. CO2

d. calcium chloride.

3. Class C fires present an additional hazard of

a. explosion.

b. toxic vapors.

c. electrical shock.

d. smoke inhalation.

4. Electrical fires require the use of a Class extinguisher.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

8
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ADJUNCT GUIDE

ANSWERS TO P.

1. e 2. e

U you missed ANY questions, review the material before you continue. If not, proceed to
next page.

MP

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

10
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MODULE SELFCHECK

...., SAFETY AND FIRST AID ..

QUESTIONS:

I. List live safety precautions which should be observed while working on electrical equipment.

a.

b.

c. .

d.

e.

\.,

......

2. A shock victim's breathing may be restored by

3. A shock victim's heart beat may be restored by

4. To extinguish an electrical tire, you should use

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

Ii
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MODULE =LFCIIECK

ANSWERS TO MODULE SELFCHECK.

la. Avoid contact with energized components.
b. Remove jeweler/.
c. Keep one hand in your pocket.

2. Mouth to mouth resuscitation.
3. Closed cheat heart massage.
4. A dry chemical (CO2).

In

d. Have a safety observer.
e. Don't experiment.

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.

,
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Basic and Applied Electronics Department
Koos ler Mr Force Base, Mississippi

ELECTRONIC PRINCIPLES

MODULE 3

ELECTRONIC MATHEMATICS

ATC op 3AC)R3X020-X
KEP-GP-3

I May 1971

This Guidance Package is designed to guide you through this module of the Electronic
Principles course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.
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OVERVIEW

ELECTRONIC MATHEMATICS

1. SCOPE: This module discusses powers of 10 and how to convert any number to standard

powers of 10 notation. Computation using powers of 10 is fully covered along with the use of

standard prefixes.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following

objectives:

a. Given five multiplication and five division problems, solve by using powers of 10.

b. Given five electronic equations, solve at least four correctly for any unknown value.

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK.

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE
NEXT PAGE AND PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO

CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

1
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LIST OF RESOURCES

ELECTRONIC MATHEMATICS

To satisfy the objectives of this module, you may choose, according to your training,

experience, and preference, any or *11 of the following:

READING MATERIALS

Digest

Adjunct Guide with Student Text

AUDIO-VISUAL

Television Lesson, Powers of Ten, TVK 30-153

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

2

443



DIGEST

...... ELECTRONIC MATHEMATICS

POWERS OF TEN

The technique of using powers of 10 can greatly simplify mathematical calculations. In
the powers 01 10 system, a very large or very small number is expressed as a quantity between
one and 10 and the appropriate positive or negative power of 10. The value and sign of the
exponent are determined by the number of places and the direction the decimal point is moved.

Examples: 3,000,000 = 3 x 106

51,000 = 5.1 x 104

0.005 = 5 x 10-3

. 0.00000047 a 4.7 x 10-7

Study the information in figure I.

NUMBER
POWER
OF TEN PREFIX SYMBOL

1 000 000 000 000

1 000 000 000

1 000 000

1 000

100

10

0.1

0.01

0.001

0.000 001

0.000 000 001:

0.000000000001

1012

9
10

10
6

103

102

101

10
.1

10-2

10-3

10-6

109

1012

tera

gigs

mega

kilo

hecto

deka

deci

cents

milli

micro

142.110

pico

T

G

lit

k

h

da

d

c

m

p

n

p

Figure 1

Prefixes and symbols are also used to express very large or very small numbers.

3
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DICIEST

Examples: 1,000,000 units 1 megaunit

20,000 units 20 kilounits

0.004 units 4 milliunits

0.0000058 units 5.8 microunits

Exponents are handled according to the following rules:

When multiplying numbers, add the exponents.

When dividing numbers, subtract the exponent in the denominator from the exponent in the
numerator.

When squaring & number, double the exponent.

When obtaining a square root, halve the exponent.

Examples:

EQUATIONS

1,000,000 x 1,000 1 a le a 1 a 103

. 1 a le

47,000 x 0.058 =(4.7 x 104)4.8 x Ur)

a 28.:42 x 102

= 2.832 x 103

50,000 5 x 104

7315°- 2.5 313

2 x 101

0.0075 7.5 x 103.
1.5 10

5 x 10-2

An equation is a mathematical statement that two quantities are equal. The following
axioms can be applied to any equation without changing the equality:

4
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DIGEST

I. Adding the SAME number to BOTH sides.

2. Subtracting the SAME number from BOTH sides.

3. Multiplying BOTH sides by the SAME number.

4. Dividing BOTH aides by the SAME number.

5. Terms equal to a third term are equal to each other.

O. Raising BOTH aides to the SAME power.

7. Taking the SAME root of BOTH aides.

Frequently formulas must be rearranged to find a quantity in terms of the other quantities
involved.

Examples:

I = E
A

Solve for R.

RxIm E aRa Multiply by R.

RI 0 E Simplify.

RI lt
T = 1 Divide by I.

R 0 E
1 Simplify.

XC =
I

ME Solve for f.

,fxEcmgrox i, Multiply by f.

f x EC
1r Firerc c

1f . MCI-c

Divide by X.

Simplify.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELFCHECK.

5
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ADJUNCT GUIDE

ELECTRONIC MATHEMATICS

INSTRUCTIONS

Study the referenced materials as directed.

Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page following
the questions.

If you experience any difficulty, contact your instructor.

Begin the program.

A. Turn to student text volume 1 and read paragraphs 2-1 through 2-8. Return to this page
and answer the following questions.

1. Add these signed numbers:

a. 5 + 3 = e. .39 4-11)=

b. -11 + 3 - f. 1000 + 111 -

c. -4 4-14. g. 50 4( -13)=

d. -543 + 43 = h. 13 410=

2. Subtract these signed numbers:

a. 6 - 5 d. 5 -(5)=

b. 6 - 7 = e. 80 4.5)s.

c. -8 - 4 - f. -32 -(-2)=

3. Multiply these signed numbers:

a. 3 x 6 -

b. -4 x -5 -

c. 5 x -12 =

d. -39x 2 '-

e. -17 x 3-

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

6
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H. Turn to student text volume 1 and read paragraphs 2.9 through 2-21. Return to this page
and answer the following questions. .

1. A base number is:

.... a. arrived at through conversion to a power of 10.

....., b. referred to as the power.

. c. more easily manipulated if it is between 1 and 10.

. d. none of the above.

2. Enter the proper numerical equivalent for each power of 10 value.

a. 106

b. le .
c. 100 .
d. 10-3

- 6e. 10

f. 10-12 Ai

3. Which of the following is a valid advantage of using powers of 107

....a. All numbers may evenly divided or multiplied by 10.

...b. Calculations involving large numbers are simplified.

. c. More accurate results are produced.

.d. It is easier to place the decimal point correctly.

4. The number 79,681 is equivalent to:

-.. a. 7.9681 x le. . c. 7.9681 x le.
...b. 79.681 x 104. . d. 7.9681 x le.

S. The number 8.632 is equivalent to

. a. 6.632 z 101. c. 8.632 x 100.0

.... b. 66.32 z 102. . d. None of the above.

7
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ANSWERS TO A:

la. 8 b. -8 c. -15 d. -500 e. -50 f. 1,111 g. 37 h. -1

2a. 1 b. -1 c. -12 d. 10 e. 85 f..30

3a. 18 b. 20 c. -80 d. 78 e. -51

If you missed ANY questions, review the material before You continue.

6. The number 0.00426 is equivalent to:

. a. 4.28 x 103.

... b. 4.28 x 10-4.

..... c. .426 x 10-3.

4. 4.28 x 10-3.

7. Convert the following numbers to powers of 10.

a. 2,000 =

b. 4,698 =

c. 158.342 =

d. 7,000,000 =

e. 898,000 =

f. 18,000 2=

g. 313,000,000,000 =

h. 0.018 =

1. 0.00046 =

1. 0.1791 =

k. 0.000 000 82 =

1. 0.9 =

m. 0.000000000098 =

n. 0.0004 =

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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ADJUNCT GUIDE

C. Turn to student text Volumn 1 and read paragraphs 2-22 through 2-25. Return to this page
s...., and answer the following questions.

1. Which of the following operations is INCORRECT in the process of multiplying two very
large numbers expressed in powers of 10?

... a. Convert the numbers to be multiplied into powers of 10.

..... b. Combine the exponents through multiplication.

..... c. Combine the numerical coefficients through multiplication.

... d. Combine the exponents through addition.

2. The product exponent of a multiplication problem expressed in powers of 10 having both
positive and negative exponents, will be:

a. positive

...b. negative

c. that of the smaller

.. d. that of the larger

3. When working a multiplication problem expressed in powers of 10 and all of the exponents
are negative, the exponent in the answer will be:

... a. positive.

.b. negative.

c. the difference between the negative exponents.

... d. None of the above.

4. Multiply the following. Express the answers in powers of 10.

a. 1716,000 x 1,820,000 =

b. 2,1100,000 x 3.1 x 104 =

c. 5.6 x 10s x 3.8 x 103
=

d. .00023 x .0000018 =

e. 6.17 x 10-3 x 2.8 x 10-5 =

1. .000021 x 39,000 =

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

9
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ANSWERS TO B:

1. d

2a. 1,000,000

3. b

7a. 2 x 103

f . 1.8 a 104

k. 8.2 a 10-7

b. 1,000 c. 1

4. d 8. c

b. 4.898 x 103

g. 3.13 x 1011

1. 9 x 10-1

d. 0.001 e. 0.000,001

8. d

c. 1.58342 x 102 d. 7 x 108

h. 1.8 x 10-2. 1. 4.8 a 10-4

m. 9.8 x 10 -11 n. 4 x le4

f. 0.000,000.000,001

e. 8.98 x 105

J. 1.791 x 104

If you missed ANY questions, review the material before you continue.

ANSWERS TO C:

1. b 2. d 3. b

4a. 1.30312 x 1012 b. 8.37 x 1010 c. 2.018 a 109 -d. 4.14 a 10 10 a. 1.878 x 10-7

f. 8.19 a 10-1

If you missed ANY questions, review the material before you continue.

D. Turn to student text volume 1 and read paragraphs 2-28 through 2-29. Return to this page
and answer the following questions.

1. Division in powers of 10 is:

a. the multiplication of base numbers.

b. a matter of subtracting exponents.

c. easy if you change the sign of the numerator.

d. multiplication of exponents.

2. If the denominator in adivisionprobletn expressed in powers of 10 has a positive exponent.
the:

a. numerator is positive.

b. exponent will remain positive when it is removed to the numerator.

c. exponent is subtracted from the exponent in the numerator.

.d. numerator is negative.

10

451



ADJUNCT GUIDE

3. If the numerator has a positive exponent and the denominator has a negative exponent in
a division problem in powers of 10: .,

. a. the answer will have a negative exponent.

.b. the answer will have a positive exponent.

. c. the answer may have a positive or negative exponent.

4. Divide the following. Express the answers in powers of 10.

a. 21,000

b. 178,000

c. 180,000,000
izar '1

d. 42,000,000um *
e. 0.0018

CaND 6

1. 8,000,000
-"nr 11

g. .000,001,8 =

h. .03
MOM

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

E. Turn to student text volume 1 and read paragraphs 2-30 through 2-34. Return to this page
and answer the following questions.

1. A basic rule for addition or subtraction of numbers expressed as powers of 10 is that you

can only combine numbers having like

2. Perform the following addition:

a. (90 x 104) + (40 x 103)

b. (4 x 102 + (3 x 105) =

C. (40 x 101) + (3 x 101) it

d. (3.6 z 101) + (5.6 x 10-1) =

11
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ANSWERS TO D:

I. b 2.c 3.b

4a. 7 x 102 b. 2 x 103 c. 6 x 1011 d. 7 x 103 o. 2 x 10°

f. 3x 104 g. 4x 10-10 h. 3.33x 10-0

If you missed ANY questions, review the material before you continue.

3. Perform the following subtractions:

a. (4x 106)
- (2 x 10.12) =

b. (7.8 x le) - (96 x 104)
xi

0. (5 x 100) - (7 x 101) =

d. (13 x 10-1) - (6 It 10-2) =

4. Solve the following problems:

a. 1.465+25.3.2=

b. 306 43 x 10-21=

c. (44 x 100) . (3.8 x 100) + (56 x 102) =

5. To square a number containing a power of 10, square the and

multiply the by 2.

O. To take the square root of a number containing a power of 10, first insure that the

exponent of 10 is

7. Complete the following problems:

a. (1 x 100)2 a

b. (2 x 103)2 =

c. (5 x 105)2 =

d. (.0004)2 =

8. Complete the following problems:

a. (4 x 103)3 =

b. (1 x 100)3 =

12
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c. (10 x 102)3

d. (.02)3

9. Find the square roots:

a. -(1(717101

b. 4x102
c. 1/7174-17:1;

d. 1701

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

4 4 3
ADJUNCT GUIDE

F. Turn to student text volume 1 and read paragraphs 2-35 through 2.46. Return to this
page and answer the following questions.

1. Enter the proper prefix for each power of 10 value.

a. 106

b. 103

c. 100

d. 10-3

e. 10-6

t. 10-12

2. Convert the following values as directed.

a. 3,000 ohms to kilohms

b. 60kV to volts

c. 2mA to uA

d. .600uA to nu%

e. 150mW to kilowatts

f. 10M ohms to ohms

g. 5A to uA

h. 100 ohms to k ohms

I. .002 na to A

454
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ANSWERS TO E.

1, exponents

2a. 9.4 x le b. 3.004 x le c. 4.3 x 102 d. 3.858 x 101

3a. 3.999 998 x 10-6 b. tug x 106 c. -8.5 x 101 d. 1.24 x 100

4a. 2.3285 x 101 b. 3.0597 x 102 c. 5.0402 x 103

5. numerical coefficient, exponent
8. even

7a. 1 or lx 100
b. 4 x 106

c. 2.5 x 1011 or 25 x 1010

d. le x 10-8 or 1.8 x 10-7

8a. 6.4 x 1010
or 134 x 106 b. 1 or 1 x 100 c. 1x 109 or 1000 x 10

6

d. 8 x lee
9a. 1 x 101 b. 2 x 101 c. 8 x 102 d. 3.18 x 10-2

U you missed ANY questions, review the material before you continue.

3. The prefix for 10a is:

a. Mega

--- b. Milli
4. The prefix kilo equals:

-- a. 10-3 c. 10+8

d. 10-0--0- u. .

..... c. Micro

-.-- d. Amps

-- b. 106

5. 10 x 103 ohms is equal to:

a. 10K ohms

b. 100K ohms

8. 200 x 103 amps is equal to:

a. .02 amps

..... b. 200,000 amps

7, 100 x 106 ohms is equal to:

-.-- a. 100,000,000 ohms

..... b. 100 x 103 milliohms

c. 10/4 ohms

d. 1 K ohm

.-...- c. .2 A

--. d. 200,000mA

..... c. 100 x 108 megohms

...... d. 100 megohms

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
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455



ADJUNCT OUIDE

0. Turn to student text volume 1 and read paragraphs 2-97 through 2.62. .
Return to this page

Nft., and answer the following questiOns,

._

1. An equation expressed in numerical terms

.a, is an axiom.

b. does not balance until the final solution is reached.

c. must be kept in balance through each step of the solution.

d. always produces a positive figure.

2. Axioms are truths or facts that

a. are self-evident and require no formal proof.

_b. must be proved periodically.

c. prove all equations are initially out of balance.

d. prove the unknown quantity is always expressed as a number.

3. You can add 1,000 to the left side of an equation,

a. if you subtract 1,000 from the right side.

._ b. without materially affecting the balance.

c. if you put a minus 1,000 on the right side.

_ d. if you add 1,000 to the right side.

4. If you multiply both sides of an equation by the came value,

a. you must also divide both sides by the same value.

_b. the value of both sides is reduced by half.

c. you do not change the value of either side of the equation.

_d. you do not change the equality of the equation.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

15
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ANSWERS TO F:

la. mega b. kilo c. unit d. milli e. micro

2a. 3 It ohms b. 80,000 volts c. 2,000uA d. .0006mA e. .000151cW
f. 10,000,000 ohms g. 5,000,000 wl h. .1K ohms 1..000 002 A

3. c 4. d 5. a 6. c 7. aandd

If you missed ANY questions, review the material before you continue.

f. Pico

IN.I.
ANSWERS TO G:

1. c 2. a. 3. d 4. d

If you missed ANY questions, review the material before you continue.

H. Turn to student text volume 1 and read paragraphs 2-53 through 2-61. Return to this
page and answer the following questions.

1. When you use the transposition process in solving equations,

a. the unknown quantities are always moved to the left without changing the sign.

..b. the sign is changed only when moving terms to the right side.

c. you Mint be careful not to change the sign.

d the sign is always changed when you move terms from one side to the other.

2. Which of the following equations will produce a negative answer?

....a.X+6 =8 c.X- 6 =4
b. X + 6= 4 d.X+1 =2

3. Which of the following equations will produce a positive answer?

a. X+10=8 ....c.X+18 =13

b. X 16 a 16 -...d. X +12 =15

4. Solve for the unimown in each of the following equations:

a. X +10 =18

b. 3X +12 =24

c. 3X - 6 == 9

d. 7X - X = 49 - X

16
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e. 10X - 15 + 5 al 110

f. 3X + 10 I

g. X 4. 15 * II

h. OX 4. 10 is 10X 10

1, - 8 2X + 10

j.7X- 8 4.44o3X+9 15

k. ICCC - 4 2. 100 + 16

1. ZIE- 0 -1 +4 am 3X- 19

ADJUNCT GUIDE

COMM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

I. Turn to student text volume 1 and read paragraphs 2-52 through 2-78. Return to this
Page and answer the following questions.

I. In solving equations, the urv.lown value is:

N. - c. Y.
--b. X. d. Any of the above.

2. To solve for I in the equation E = IR, you would:

a. multiply both sides by R.

...b. divide both sides by R.

3. If E is equal to P/I, P is equal to:

.a. E divided by I.

plus I .

c. divide both aides by E.

d. cross multiply.

~No C. E times I.

d. E2 plus I.

4. Given the equation A/B is C/D, solve for C by:

a. multiplying both aides by D.

...b. dividing both aides by D.

5. In solving for A in the equation A/B C/D,

a. multiply A x D and B x C.

divide both aides by B x D.

17

c. multiplying both sides by B.

d. dividing both aides by A.

c. divide both aides by B.

d. multiply both aides by B.
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ANSWERS TO H:

1.d 2.b 3.d

9a. 8 b. 4 0. 5 d. 7 e. 12 f. -3 g. -5 h. 5 1. 9 j. 7 k. 12 1. 13

U you missed ANY questions, review the material before you continue

a. xc = rfird

7. X
L = MIL

8. P =12R

Solve for f.

Solve for f.

Solve for 1.

9. If E and I of a circuit are known, ..-- can be determined.

a. voltage. ...... c. resistance.

....b. current. . d. nothing.

10. When voltage is increased in a circuit and the resistance is held constant, the current with

a. increase. c. stay the same.

..... b. decrease. ... d. stop.

11. If the resistance in a circuit is doubled, and the voltage applied is doubled, the current will:

a. double. c. stay the same.

....b. decrease. d. stop.

12. Which of the following is NOT a form of Ohm's Law?

a. I = ER. , c. R sa EA.

b. E --2 IR. ... d. I -4E/R.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

18
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ANSWERS TO I:

1. d

1

6' f se Mrc
XL

7. f' vat

S. I = IrT3V ft

2. b 3. c

9. c 10. a

4. a 5. d

11. c 12. a

If you missed ANY questions, review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF- CHECK.
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ELECTRONIC MATHEMATICS

QUESTIONS:

1. Multiply the following and express the answers in powers of 10.

a. 1000 x 5000 15

b. 600 x 7 x 10
-2 0

C. 9000 x 400 =

d. 0.007 x 3 x 103 =

e. 0.005 x 8 x 10
6

0

2. Divide the following and express the answers in powers of 10.

a. 48 x 103 .
6 x 10

b. 36.00075
c. 56 x 108 z

7 x 10

d, 0.009
TN

e. 10,000,000

3. Complete the following problems:

a. E = IR

b. 1) =12R

c. XL = 21111,

1d. Xe = rer

e. P = IE

Solve for I.

Solve for I.

Solve for L.

Solve for 1.

Solve for E.

MODULE SELF-CHECK

AN&

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

21
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MODULE SELF.CHECK

ANSWERS TO MODULE SELF-CHECK
a

la. 5 x 108 b. 4.2 x 10-
I

c. 3.8 x 108 d1 2.1 x103 e. 4x104

2a. 8 x 100 b. 4 x 102 c. 8 x 108 d. 1 x 10-1 e. 1 x 104

3a. I Ent b. I 'lrIVA c. XL d.

f

1 a. Z PilL Ein Inc

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW

THE MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL

QUESTIONS CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR

FURTHER GUIDANCE.

22
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PROGRAMMED TEXT

ELECTRONIC MATHEMATICS

INSTRUCTIONS:

This text is designed so that you will go through it step by step.

Each frame or step of instruction is designed to teach you a small bit

of information. Answers for the questions for each frame is given on

the top of the next even numbered page. (Blocked.)

Read the information and respond as you are directed. Turn to

the following page and confirm your response. Do not proceed until

you have responded correctly. If you require assistance, see your

instructor.

CONTENTS

TITLE PAGE

Signed Numbers 1

Powers of Ten 7

Electronic Prefixes 26

Equations 41

Supersedes Service Test Edition, IMP -PT -3, 1 April 1974.
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S/ONED NUMBERS

Mathematics ie an important tool in the study and understanding

of electronics. Certain mathematical operations are more useful than

others. This text will explain the following areas: signed numbers,

powers of ten, and equations. A basic understanding of these areas will

prove to be very helpful in later applications to electronic problems

involving formulas.

In order to understand powers of ten, it is necessary to

understand signed numbers. Any number may have a positive (-0

or negative ( -) sign attached to it. The sign indicates a direction

from some reference point. The following numbered lines show

the relationship between positive and negative numbers. If

positive is to the right, then negative is to the left. If positive

_ is up, then negative is down. The positive sign is often omitted.

A number without a sign is understood to be positive.

14

3
2
3.

-3.

-2
-3

-4

-4 -3 -2 -1 0 1 2 3 4

Figure 1. Signed Numbers

Knowledge of the operations of addition, subtraction, and

multiplication of signed numbers is the objective of the first part.

Your knowledge of addition of signed numbers is tested in Master Quiz 1.

1
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MASTER QUIZ 1. ADD:

1. -3 2. +6 3. 8 4. -6.2 5. 26 6. -17
-12

Check your answers on the next even-numbered page. if you missed less

than two, take MASTER QUIZ 2. If you missed two or more, continue

reading.

Adding Signed Numbers. When adding numbers with the same signs,

the answer retains that sign.

Examples: 3 -7.2 +4 -46.82
.4.1 -13.18

9 -11.3 +11 -60.00

Adding numbers with unlike signs is accomplished in two steps:

STEP 1. Disregard signs and subtract smaller number from larger

number.

STEP 2. Express this answer with the sign of the larger number.

Examples: 17 13.2 73 -16
+ g 41.7968.5 31 8

Remember the two-step approach when adding numbers with unlike signs!

SUB QUIZ 1. Add:

1. 50 2. -33 3. +17 4. -83 5. -13 6. loo
-23 -U _±24A2__ 72 -105

Check your answers on the next even-numbered page. If you missed any

of the problems, reread preceding paragraphs. If your answers are

2

467

4 57



correct, take MAMA QUIZ 2.

MASTER QUIZ 2. Subtracts

1. -8 2. -3 3. 4.7 4. 18 5. -2 6. -4
-27

Check your answers on the next even-numbered page. if you missed less

than two, take MASTER QUIZ 3. If you missed two or more, continue

reading.

Subtracting Signed Numbers. Subtraction is the opposite (inverse)

1/4----vpgiation of addition; remember this when subtracting signed numbers.

The subtraction problem can be made into an addition problem by changing

the sign of the second, number and going it to the first number. For

example, -6 -(7) should be written as -6 + (-7) and solved. Remember,

change the sign of the number you are subtracting, then add.

Examples:

7

-6 This problem can be written
-7

- (-14) = 21 Solution: 7 +

as: -6

1

( +14) = 21

-10 - (3) = -13 Solution: -10 + (-3) = -13

11 - 2 = 9 Solution: 11 + (-2) = 9

37 - ( -20_ = 57 Solution; 37 + ( +20) = 57

Subtraction of signed numbers is simple as long as you remember to

,change, the sign of the second number and add.

3
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ANSWERS TO MASTER QUIZ 1.

1. -7 2. 0 3. -7 4. 4.1 5. 14 6. -20.4

ANSWERS TO SUB QUIZ 1.

1. 27 2. -44 3. 31.2 4. -11 5. 13.5 6. -5

ANSWERS TO MASTER QUIZ 2.

1. -11 2. 4 3. 3.4 4. 45 5. -7 6. 0

SUS QUIZ 2.

1.

Subtracts

2. -37 3. -8 4. 14.9 5. 18 6. -107
6 222 - 14

Check your answers on the next even-numbered page. If you missed any

of the problems, reread the preceding paragraph. If your answers are

correct, take MASTER QUIZ 3.

MASTER QUIZ 3. Multiply:

1. 11 2. 7 3. -13 4. -8 5. 5 6. -5
x x-12 x -16

Check your answers on the next even-numbered page. If you missed less

than two, take Summary Quiz 1. If you missed two or more, continue

reading.

4
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Multiplying Signed Numbers. When multiplying numbers with like

signe (both positive or both negative), a POSITIVE answer will alwaye

be the result.

Examples: 3 .4 -12 836 x x -11
18 20 132 1.6

Multiplying numbers with unlike signs will always produce a

NEGATIVE answer.

Examples: 5 -6 -2.1 2
7 X .7 x-11.

-60 -.42 1.47 -1.6

Remember, multiplying numbers with like signs will produce positive

answers, and multiplying numbers of unlike signs will produce negative

answers.

SUB QUIZ 3. Milltiply:

1. 3 2. -4 3. 17 4. -16 5. -1.3 6. 14
x 7 x -9 x -11 x - 3

Check your answers on the next even-numbered page. If you missed any

of the problems, reread the preceding paragraphs. If your answers are

correct, take 92mmary Quiz 1.

5
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ANSWERS TO SUB QUIZ 2.

1. 37.7 2. 16 3. -14 4. -11.4 5. 7.1 6. -93

ANSWERS TO MASTER QUIZ 3.

1. 110 2. -63 3. 117 4. 32 5. -60 6. 80

ANSWERS TO SUB QUIZ 3.

1. 21 2. 36 3. -187 4. -64 5. .26 6. -42

SUMMARY QUIZ 1.

1. Subtract: -13
6

4. Multiply: -3

7. Add: 32.1 S.

,14.8

10. Subtract: 28
-20

2. Mhltiply: 12
7

5. Subtract: 16 6.
-4

Multiply: -17

-4-
11. Mhltiply: 6.3

3. Add: 120
-14

Add: -76
-13

9. Subtract: -37.6
.6

12. Add: -132
16

Check your answers on the next even zmntered page. If your answers are

correct, go on to the next paragraph. If you missed any problems, review

the appropriate paragraphs.

Division of signed numbers will not be covered in this text.
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R3WERS OF TEN

Power° of ten play a very important role in electronioe.

For example, there are 6,280,000,000,000, 000, 000 eleotrone in one

coulomb. It ie easier to write that number as 6.28 X 1018 eleotrons.

You can see that using a power often is really a type of mathematical

shorthand.

Powers of ten have two purposes when used in electronics. They

simplify calculations and provide a convenient method of expressing

very large and very small numbers. Look at the following pattern:

100 = 10 x 10

1000 = 10 x 10 x 10

10,000 = 10 x 10 x 10 x 10

100,000 = 10 x 10 x 10 x 10 x 10

and so on. You can simplify writing these numbers by using the following

abbreviations 10 x 10 102. Read 102 as "ten to the second power".

10 x 10 x 10 103. Read 103 as "ten to the third powers.

10 x 10 x 10 x 10 104. Read 104 as "ten to the fourth power".

10 .1 101 and is read as "ten to the first power. 1 = 10 0 and is read

as "ten to the zero power".

Numbers besides those beginning with one can be written with this

shorter method. For example:

400 = 4,x loo = 4,x lo2

Soo° = 8 x l000 = 8 x 103

16 = 1.6 x 10

2450 = 2.450 x 1000 = 2,45 x 103

4 7z



ANSWERS TO SUMMARY QUIZ 1

1. -19 2. 84 3. 106 4. 27 5. 20 6. -89 7. 46.9

8. -68 9. -1 10. 48 11. -5.67 12. -116

Now you can see why we can say that 6,280,000,000,000,000,000, electrons

is equal to 6.28 x 1018 electrons. The small raised number is called

the EXPONENT and 10 is called the BASE NUMBER. The number that is

multiplied by the power of ten is called the NUMERICAL COEFFICIENT.

Letts locate these numbers with respect to a power of ten.

6. 28 x 1018 411---,Exponent
1.'"--..Bese Number

Numerical Coefficient

FIGURE 2.

MASTER QUIZ 4. Convert to powers of ten with the numerical coefficient
expressed as a number between 1 and 10.

1. 2500 = 4. .000000825 =

2. 486,000 = 5. 156.73

3. .0028 = 6. .018 =

Check your answers on the next even-numbered page. If you missed less

than two, proceed to MASTER QUIZ 5. If you missed two or more, continue

reading.

8
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An easy rule to follow for ohanging a number greaterthan ten

to a power of ten is:

Move the decimal point so that one non-zero digit remains

to the left and count the number of places the decimal was

moved. The number of places will be the exponent of the ten.

Let's use this rule to do the following problems:

(1) 427,000 = 4.27000 x 105 = 4.27 x 105

(2) 18.2 = 1.82 x 101 = 1.82 x 10

(3) 5,280,000,000 = 5.280000000 x 109 = 5.28 x 109

SUB QUIZ 4A. Convert to powers of ten expressing the numerical coefficient
as a number between 1 and 10.

1. ;6,800 = 4. 2400 =

2. 310 = 5. 102450 =

3. 78,800,000 = 6. 14.32 =

Check your answers on the next even-numbered page.. If you missed any

problems, review the preceding paragraphs. If your answers are correct,

continue reading.

Powers of ten can also be used to write very small numbers. The

following listing explains:

.1 = 10-1 .0001 = 10-4

.01 = 10-2 .00001 = 10-5

.001 = 10-3 and SO on.

The negative exponent shows that the decimal point was moved TO THE RIGHT.



ANSWERS TO MASTER QUIZ 4.

1. 2.5 x 103 3. 2.8 x 5. 1.5673 x 102

2. 4.86 x 105 4. 8.25 x 10-7 6. 1.8 x 10-2

ANSWERS TO SUB QUIZ 4A.

1. 5.68 x 104 4. 2.4 x 103

2. 3.1 x 102 5. 1.0245 x 105

3. 7.88 x 107 6. 1.432 x 10

Other small numbers can be written this way:

.4 = 4 x .1 = 4 x 10-1

.06 = 6 x .01 = 6 x 10-2

.0055 = 5.5 x .001 = 5.5 x 10-3

Notice that the numerical coefficient of the power of ten is between

one and ten just like the positive exponent problems.

The rule for changing small numbers to powers of ten is:

Move the decimal point so that one non-zero digit appears

to the left of the decimal point. Count the number of places

the decimal point was moved to the right. The number of places

will be the exponent which will also be negative.

The following problems illustrate the rule above.

4°f-t a

(1) .00051 = 5.1 x 10-4

(2) .000000009 = 9 x 10-9

(3) .0206 = 2.06 x 10-2

(4) .10005 = 1.0005 x 10-1

10



Remembers

(1) The numerical coefficient will always be expre.aned as a

number between one and ten.

(2) If you move the decimal point right, the exponent will be

negative.

(3) If you move the decimal point left, the exponent will be

positive.

Let's convert the following problems to powers of ten. Remember the

rules for positive and negative exponents.

(1) 4527.60 = 4.5276 x 103

The decimal point was moved 3 places to the LEFT so the
exponent is POSITIVE THREE.

(2) .000513 = 5.13 x 10-4

The decimal point was moved 4 places to the RIGHT so the

exponent is NEGATIVE Tom

SUB QUIZ 48. Convert to powers of ten expressing the numerical
coefficient as a number between 1 and 10.

1. .00426 = 4. .00000082 =

2. 18,000 = 5. .9

3. 3428.5 = 6. 696,000 =

Check your answers on the next even numbered page. If you missed any of

the problems, review the preceding paragraphs. If your answers are

correct, take !ULSTER QUIZ 5.

11
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ANSWERS TO SUB QUIZ 4B.

1. 4.26 x 10-3 4. 8.2 x 10"7

2. 1.8 x 104 .5. 9 x 10-1

3. 3.4285 x 103 6. 6.96 x 105

IMP

MASTER QUIZ 5.
whose
Convert from the given power of ten to the power of ten

numerical coefficient is Letween 1 and 10.

1. 242 x 106 = 4. .000)6 x 102 =

2. .0034 x 10-3 = 5. .379 x 10-5 =

3. 72.34 x 104= 6. 5,284x 10-2 =

Check your answers on the next even - numbered page. If you missed less

than two, proceed to MASTER QUIZ 6. If you missed two or more, continue

reading.

Sometimes s number is written as a power of ten with the numerical

coefficient not between one and ten. In this case we must correct the

number so that the numerical coefficient is between one and ten. This

is done so that a standard answer is attained by everyone.

We use the same rules as before but we mast also take into

account the exponent already written. Look at the following examples:

(1) 45 x 105 = 4.5 x 105+1 = 4.5 x 106

We had to move the decimal point ONE place to the LEFT which
gives an exponent of positive one. This exponent is added to

the present exponent.

(2) 305 x 102 = 3.05 x 102 2 = 3.05 x 104

(3) .1x104=Ix104t("1) =1x103

In this example the decimal point was moved ONE place to the

RIGHT which indicates an exponent of -1. The negative one
is added to the +4 already there to get the sum of 3.
(If necessary, review addition of signed numbers in preceding
paragraphs.)

(4) .051 x 10-2 = 5.1 x 10-2 +(-2) = 5.1 x 10-4

In each case, determine the proper exponent using the rules you

have learned in preceding paragraphs. Then add this new exponent to

the exponent already in the problem.
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Let's try a few problems:

(1) .0037 x 10'2 2 3.7 x 10'5 Solution: The decimal point had to
be moved 3 place's to the RIGHT so the
new exponent ie Add -3 to -2
already in the problem to get -3.

(2) 5342.76 x 105 = 5.34276 x 108 St13.112n: The decimal point has to
be moved 3 places to the LEFT for
an exponent of +3. The +3 ie added
to the 5 in the problem to get 8.

(3) .0000502 x 104 = 5.02 x 10'1 Solution: The decimal point has to
be moved 5 places to the RIGHT for
an exponent of -5. The -5 is added
to the 4 already there to get an
exponent of -1.

SUB QUIZ 5. Convert the given power of ten to a power of ten having a

numerical coefficient between 1 and 10.

1. .037 x 103 = 4. .00005 x 10'2 =

2. 1000 x 10-7 = 5. .364 x 10 =

3. 54.76 x 104 = 6. 99865 x 10-3 =

Check your answers on the next even-numbered page. If you missed an

answer, reread the preceding paragraphs. If your answers are correct,

take MASTER QUIZ 6.

MASik>t QV= 6. Multiply using powers of ten to express the answer's
numerical coefficient as a number between 1 and 10.

1. 4300 x 17 = . 4. 2.1 x 10-3 x 2 x 102 =

2. .004 x 3000 = . 5. .5 x (9x10-4) =

3. 105 x (5 x 102)= . 6. 4000 x .00004 =

Check your answers on the next even-numbered page. If you missed leas

than two, take MASTER QUIZ 7. If you missed two or more, continue

reading.
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ANSWERS TO MASTER QUIZ 5.

1.

2.

3.

2.42 x 108

3.4 x 10-6

7.234 x 105

4.

5.

6.

6 x 10-3

3.79 x 104

5.284 x 10

ANSWERS TO SUB QUIZ 5.

1. 3.7 x 10 4. 5 x 104

2.

3..

1.0 x 10-4

5.476 x 105

5.

6.

3.64 x 100 =

9.9665 x 101

3.64

ANSWERS TO MASTER QUIZ 6.

1. 7.31 x 104 4. 4.2 x 10-1

2. 1.2 x 5. 4.5 x 10-4

3. 5.25 x 10 6. 1.6 x 10-1

Multiplication using powers of ten involves four basic steps:

(1) Convert numbers to powers of ten if not already in that

form.

(2) MULTIPLE the numerical coefficients.

(3) ADD the exponents.

(4) Express the answer with a numerical coefficient between

1 and 10.

Example 1. .0007 x 24 =

(1) Convert to powers of ten. .0007 = 7 x 10-4 24= 2.4 x 10

467
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(2) MULTIPLY numerical coefficients (7 x 10-4) x (2.4 x 101)

= 16.8 x 10-4 x 101

(3) ADD exponents. 16.8 x 10-4 x 101 = 16.8 x 10(4 + = 16.8 x 10-3

(4) Express the answer's numerical coefficient as a number between

1 and 10. 16.8 x 10 -3 = 1.68 x 10-2

(Moving the decimal point left one place means you add a

positive one to the exponent.)

Example 2. 55,000 x 3,300

(1) Convert to powers of ten. 55,000 = 5.5 x 104 3,300 = 3.3 x 103

(2) Multiply numerical coefficients. (5.5 x 104) x (3.3 x 103)

= 18.15 x 104 x 103

(3) ADD exponents. 18.15 x 104 x 103 = 18.15 x 3.0(4+ 3) = 18.15 x 107

(4) Express the answer's numerical coefficient as a number between

1 and 10. 18.15 x 107 = 1.815 x 108

Example 3. .0067 x 2.8 x 10-5

(11 Convert to powers of ten. .0067 = 6.7 x 10-3

(2) ,-Ltiply numerical coefficients. (6.7 x 10-3) x (2.8 x 10-5)

= 18.76 x 10-3 x 10-5

(3) Add exponents. 18.76 x 10-3 x 10-5= 18.76 x 10 (-3) + (-5)

= 18.76 x 10-8

(4) Express the answer's numerical coefficient as a number between

1 and 10. 18.76 x 10-8 = 1.876 x 10-7

15
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Example 4. 200,000 x .045

(1) Convert to powers of ten. 200,000 = 2 x 105 .045 = 4.5 x 10-2

(2) Multiply numerical coefficients. (2 x 105) x (4.5 x 10-2)

= 9 x 105 x 10-2

(3) Add exponents. 9 x 105 x 10-2 = 9 x 105*(-2) = 9 x 103

(4) This step is not necessary.

In solving any multiplication problem using powers of ten, the

same four steps are always used. Alao, remember that the exponents

are signed numbers and should be treated as such when adding them. You

can review addition of signed numbers in preceding paragraphs.

SUB QUIZ 6. Multiply using powers of ten.

1. 36,000 x 500,000 =

2. .0005 x 2,000 =

3. 2.5 x 10-4 x 2.1 x 10-5 =

4. .035 x .00087 =

5. 4.85 x 105 x 9 x 10-2 =

6. 4500 x 10,000 =

Check your answers on the next even-numbered page. If you missed an

allover, reread the preceding paragraphs. If your answers are correct,

take MASTER QUIZ 7.



MASTER QUIZ 7. Divide using powers of ten with the answer's numerical
ooefficient expressed as a number between 1 and 10.

1. 6000,-
4" -Ill;

!

300

2 .0018 +.0009 = 5. :),____...:
4,000,000

3. 18 x le _-

3 x 10-4 6. .00012 ...

.05

Check your answers on the next even-numbered page. If you missed less

than two, take MASTER QUIZ 8. If you missed two or more, continue

reading.

A division problem can be written in one of two mays: 5000 +25 or 5000 .

25
We will utilize the second form in our discussion. The number above

the line is called the numerator and the number below the line is called

the denominator.

Division using powers of ten is very similar in procedure to multiplication

using powers of ten. Four basic steps are used:

(1) Convert the numbers to powers of ten if not already in that

form.

(2) Divide the numerical coefficients.

(3) Move the exponent in the denominator above the line, change its

sign, and add to the exponent in the numerator.

(4) Express the answer's numerical coefficient as a number

between 1 and 10 times the correct power of ten.

17
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ANSWERS TO SUB QUIZ 6.

1.

2.

3.

1.8 x 10
10

1

5.25 x 10-9

4.

5.

6.

3.04 x 10-5

4.365 x 104

4.5 x 107

ANSWERS TO MASTER QUIZ 7.

1. 2 x 10 4. 4 x 10-10

10-92.. 2 5. 7.5x

3. 6 x 1011 6. 2.4 x 10-3

EXample 1.

(1)

.0000054

10-6

.00009

Convert to powers of ten., .0000054 5.4 x
.00009

9 x 10-5

(2) Divide the numerical coefficients..14 x 10"6 = .6 x 10-6

9 x 10-5 10

(3) Move the exponent in the denom4_nator above the line, change its

sign, and add to the exponent in the numerator.

.6 x 10-6 = .6 x 104' x 10t5 = .6 x 10-4.(t5) = .6 x 10-1

10-5

(4) Express the answer's numerical coefficient between 1 and 10.

.6 x 10-1 = 6 x 10-2

18
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1.4

Example 2. 35000
25

(1) Convert to powers of ten. 3,5 x 104

2.5 x 101

Divide numerical coefficients. 3.5 x 104 = 1.4 x 104

2.5 x 101 37-
(2)

(3)

(4)

Mew the exponent in the denominator above the line,

change its sign, and add to the exponent in the numerator.

1.4 x 104 1.4 x 104 x 10-1 = 1.4 x 10 4f(-1) = 1.4 x 103

101

This step is unnecessary as the answer is already in proper

form.

Example 3. .0018
.0009

(1) Convert to powers of 10. 1.8 x 10-3
9 x 104

(2) Divide the numerical coefficients. 1.8 x 10-3 ra .2 x 10-3

9 x 10-4 10-4

Move the denominator above the line, change the sign of its

exponent, and add it to the numerator's exponent.

.2 x 10-3 = .2 x 10-3 x 104= .2 x 10(-3 +4) = .2 x 101

10-4

Express the answer's numerical coefficient as a number between

1 and 10. .2 x 101 = 2 x 100 = 2

(3)

(4)

19
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Example 4. .0000072
.004

(1) Convert to powers of ten. 7.2 x 10-6

4 x 10-'3

(2) Divide the numerical coefficients. 7.2 x 104 = 1.8 x 10-6

4 x 1073 10-3

(3) Move the denominator above the line, change the sign of its

exponent, and add it to the numerator's exponent.

1.8 x i,0 6 = 1.8 x 10-6 x 103 = 1.8 x 10(4+3) = 1.8 x 10-3

10-3

(4) This step is not necessary as the number is already in correct

form.

Example 5. 80,000
.0000002

82I000 = 8 x 104:, = 4 x 104 = 4 x 104 x 107
.0000002 2 x 10-i 10-7

' 4 x 10(4711)

= 4 x 1011

Example 6. .00009
450

.00009 = 9 x 10-5 = 2 x 10-5 = 2 x 10-5 x 10-2
450 4.5 x 102 1 + (-2)

= 2 x 10

= 2 x 10-7

Remember: You must change the sign of the denominator's exponent

when you move it to the top and add it to the numerator's exponent.

Utilize the four -step approach when solving division problems.

Sometimes steps 1 and 4 are not necessary, but steps 2 and 3 ALWAYS

are

20
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\....
SUB QUIZ 7. Divide using powers of ten.

1. 32,000 = 4. 80Q =
.008 1,600,000

2. .110 = 5. 0027 ..

2000 .0003

6. _AOR.-3. .000009
.00000003 720

Check your answers on the next even-numbered page. If you missed an

answer, review the preceding paragraphs. If your answers are correct,

take MASTER QUIZ 8.

MASTER QUIZ 8. Addition and SubtractiOn using powers of ten.

1. 340,000 + 75,000 = 4. 4 x 10-6 - 2 x 10-4=

2. 90 x 104+ 6 x 105 =

3. .0076 + .00045 = 5. 5 - .002 =

6. 7.8 x 106- 96 x 104=

Check your answers on the next even - numbered page. If you missed less

than two, proceed to mama QUIZ 9. If you missed two or more continue

reading.

Addition and subtraction using powers of ten involve four basic steps.

(1) Convert the numbers to powers of ten if not already in that

fora.

(2) Convert the numbers to the SAME power of ten.

(3) Add or subtract the numerical coefficients and retain the same

power of ten in the answer.

21
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ANSWERS TO SUB QUIZ 7.

1. 4 x 106 4. 5 x 10-4

2. 5.5 x 10-5 5. 9

3. 3 x 102 6. 3.3 x 10-7

ANSWERS TO MASTER QUIZ 8.

1. 4.15 x 105

6

4. -1.96 x 10-4

2. 1.5 x 10 5. 4.998

3. 8.05 x 10-3 6. 6.84 x 106

(4) Express the answer with a numerical coofficient between

1 and 10.

Steps one and two may be accomplished at the same time.

Example 1. 54000 + 8400

(1) and (2) Convert the numbers to the SAME power of ten.

54000 = 5.4 x 104 = 54 x 103 8400 = 8.4 x 103

(3) Add the coefficients while retaining the like power of ten.

(54 x 103) + (8.4 x 103) = (54 + 8.4) x 103 = 62.4 x 103

(4) Express answer's numerical coefficient as a number between

1 and 10. 62.4 x 103 = 6.24 x 104

22



Example 2. 90 x 10'4 + 40 x 10-5

(1) Not necessary.

(2) Express numbers with the same power of ten.

90 x 10-4 + x 10-5 = 90 x 10"4 + 4 x 10-4

(3) Add the numerical coefficients rotaining the like power of ten.

(90 x 10-4) + (4 x 10'4) = (90 + x 10-4 = 94 x 10-4

(4) Express the answer's numerical coefficient as a number

between 1 and 10. 94 x 10-4 = 9.4 x 10'3

To subtract numbers that contain powers of ten, the same principles

apply as used in addition except you subtract the numerical coefficients.

Example 3. .0125 - .0036

(1) Convert to powers of ten. .0125 = 1.25 x 10-2

.0036 = 3.6 x 10-3

(2) Express the numbers with the same power of ten.

1.25 x 10-2 - 3.6 x 10-3 = 12.5 x 10'3 - 3.6 x 10-3

(3) Subtract the numerical coefficients retaining the like power

of ten. (12.5 x 10-3) - (3.6 x l0ft3)

= (12.5 - 3.6) x 10-3

= 8.9 x 10-3

(4) Not necessary.

23
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SUB QUIZ 8. Add or Subtract using powers of ten as indicated.

1. 3.6 x 101 + 5.6 x 10-1 =

2. 13 x lel - 6 x 10-2

3. .00043 + .00273

4. 825,000 - 7990 =

5. 5 x 100 - 7 x 101 =

6. 4 x 102 + 3 x 105 =

Check your answers on the next even-numbered page. If you missed an

answer, review preceding paragraphs before continuing. If your answers

are correct, take MASTER QUIZ 9.

MASTER QUIZ 9. Express your final answers with the numerical coefficients
between 1 and 10.

1. (2 x 103)2 = 4.17770443=

2. (.002)3 = 5. ACT7c105 =

3. (5 x 105)2 = 6. 473-1c10 =

Check your answers on the next even-numbered page. If you missed less

than two, begin further study with Electronic Prefixes. If you missed

two or more, continue reading.

To square a number containing a power of ten, first square the

numerical coefficient and then multiply the exponent by 2.
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Examples: (3 x 104)2

(.006)2 =

23 (3)2 x (104)2,= 3 x 3 x (104)2 = 9x 108

3 2 2
(6 x 10-3)2 = (6)2 x (10 ) = 6 x 6 x (10')

36 x 10'6 6 x 10'5

L

To cube a number, cube the numerical coeffioient and then multiply the

exponent of ten by 3.

Examples: (4 x 103)3 = (4)3 x (103)3 = 64 x 109 = 6.4 x lolo

(20o)3 = (2 x 102)3 = (2)3 x (102)3 = 8 x 106

To take the square root of a number with a power of ten, first take the

square root of the numerical coefficient and then divide the exponent of

ten by 2.

Examples: J5717 = x 674 = 3 x104/2 = 3 x 102

s/400 x 106 = J40; x 47.76. = 20 x 106/2. = 20 x 103 = 2 x 104

For your convenience, square root tables are provided in the BP 110,

ELECTRONICS HANDBOOK beginning on page 120.

Suppose you wanted to solve this problem: ./507---c103 . One-half

an odd-number exponent produces a fractional exponent for the power of

ten. Therefore, to extract a square root, the exponent must be an even

number. To convert to an even exponent, you move the decimal point one

place.

250x103 = /-71.01+ = x = 5 x 10
4/2

= 5 x 10
2

Examples: .00.M049 = 49377.0-6 = 1/49 x = 7 x 10-6/2 = 7 x 10-3

11000 x 107 = 0A-07c108= 10x 10401x 105

Nic/40,0.81300=41:77-2D-x43/77.04= 9 x lcrl x 2x102

18 x 101 1.8 x 102

.0/ X:4015 = x 10-6 = 3.87 x 10-2
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ANSWERS TO SUB QUIZ S.

1. 3.656 x 10' 4. 8.1701 x 105

2. 1.24 5. -6.5 x 10

3.16 x 10-3 6. 3.004 x 105

ANSWERS TO MASTER QUIZ 9.

1. 4 x 106 4. 2 x 102

2. 8 x 10-9 5. 1 x 103

3. 2.5 x 1011 6. 4

SUB QUIZ 9. Solve using powers of ten.

4.117607c103=

(.0007)2 =

(6 x 102)3 =

1. (8 x 10-1)2 =

2. ./.009= 5.

3. (500)3 = 6.

Check your answers on the next even-numbered page. If you missed an

answer, review preceding paragraphs before continuing. If your answers

are correct, proceed to next paragraph.

ELECTRONIC PREFIXES

In your study of powers of ten, you learned that they simplified

calculations and provided a convenient method of expressing large

and small numbers. Electronic technicians use certain powers of ten

so often that special "names" and symbols are used to represent them.

26
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Thee. epeoial names and symbols are called prefix°s and are

used with standard unite of measure. Shortly you will be studying

eleotrical terms each as resistance, current, and voltage. These

are just three of many terms that refer to electrical values that

may be found in circuit.. These values all have their own.unite of

measure. For example, voltage is measured in volts, current in amperes,

and resistance in ohms.

Sometimes these units of measure will be very large in quantity

or very small. For instance, you could write one thousand volts as

1000 volts. Sven this could be shortened by using a prefix and an

abbreviation.

The prefix for a thousand is XII0 symbolized by k. The letter

V represents volts. Note the followings

1000 volts = 1 kilovolt = 1 kV

As you can see, 1 kV is much shorter to write than 1000 volts.

Kilo, since it represents a thousand, is a vow common prefix in

electronics. Besides kilovolts, you will have kilohma of resistance,

kilowatts of power, and kilohertz.

Other powers of ten along with their numerical equivalents, prefixes,

and symbols are listed in table , .1. These mill help you determine

component values in circuits you will study later.
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ANSWERS TO SUB QUIZ 9.

3.. 6.4 x 10-1 4. 4 x 102

2. 3 x 10-2 5. 4.9 x 10'7

3. 1.25 x 108 6. 2.3.6 x 3.08

TOLE 1

i
------n

POWER OF TM PREFEC MEM

1,000,000,000,000 1012 tern T

1,000,000,000 109 gigs G

1,000,000 106 mega X

1,000 103 kilo k

100 102 hecto h

10 101 del a da

.1 10_i deci d

.01
10-2

centi c

.001 10-3 milli m

.000001 10-6 micro 44,

.000000001 10"9 1213.110 n

.000000000001 10-12 pico p

Five of the prefixes in Table I are more commonly used in

electronics then the others, and are worthy of your study at this time.

These are listed in Table 2.
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TABLE 2

Hi= POWER OF TEN FREFI2; ana
mega M

kilo k

milli m

micro /44,

pico p

1,000,000 106

1,000 103

.001 10-3

.000001 10-6

.000000000001 10
-12

Figure 3 shows how the prefixes appear when presented on a

number line. Note that 100, or 1, is the units place and can represent

such measures as ohms, volts, amperes, and watts. Moving left from units

you have positive exponents, and moving right from units you find negative

exponents.

M k units m µ n. p

106 10 100 10-3 10-6 10
-9

10-
12

FIGURE 3.

REVIEW gm. Enter the proper prefix and its symbol for each power of
ten given.

1. 106 = 4. 10-3 =

2. 103 = 5. 10-6 =

3. 10° = 6. 10-12 =

Check your answers on the next even-numbered page.
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If you missed any of the answers, review preceding paragraphs. If

your answers are correct, take MASTER QUIZ 10.

ANSWERS TO REVIEW QUIZ.

I. Mega M 4. Milt

2. Kilo k 5. Micro - At.

3. None 6. pie? p

MASTER QUIZ 10. Convert the following values as directed.

I. 5A to ,44A,= 4. 150 mW to kW=

2. 60 k V to volts = 5. 600}e.A to tut =

3. 300 k11. to Ica.= 6. 10011 to k.n.. =

Check your answers on the next even-numbered page. If you missed less

than two, take MASTER QUIZ II. If you missed more than two, continue

reading.

Now that you know the prefixes you must be able to use them in

practical applications. You should be able to write a number using

the proper prefix, convert one prefix to another, and write a prefix in

its numerical form.

To writeanumber as a prefix you mist write the number to the

necessary power of ten. The prefixes with their respective powers are

listed in Table 2 of the previous section. For example, 1000 = 103=

kilo (k). Therefore, 1000 volts = 103 volts = I kilovolt = I kV.
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Letts work another example. Convert 10,000A00rtto M.A.

1. M(mega) = 106

2. 10,000,000.a = 10 x 106.11. (The decimal point use moved 6

place:: to the left no the power of ten is +6.)

3. 10 % 10
6Si- = 10 Mn.

This problem can be shown graphically on the number line.

UNITS (r.)

1 0 0 0 0 0 0 0

10' 103 10

By placing the number on the number line in its proper place as shown,

you can see the following:

10,000,00043- = 10 M.n.

10,000,000.cL. = 10,000

Therefore, you can also use the number line in sAving these conversions.

Remember, the units position (100) is the unit of measure being used.

There is no prefix for this power of ten.

The following steps should be taken in converting from numbers

to prefixes.

1. Convert the desired prefix to its power of ten.

2. Move the decimal point left (+) or right (-) the

necessary number of places.

3. Express the answer using the prefix and the unit of

measure.
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ANSWERS TO MASTER QUIZ 10.

1. 5,000,000 ,.-A 4. .00015 kW

2. 60,000 V 5. .6 a
3. .3 M-Cl.. 6. .1 kA.

Example 1. Convert .04A to mil

1. m(milli) = 10-3

2. .04A = 4: x 10-2A = 40 x 10-3 A

3.- 40 x 10-3 A = 40 mit

Example 2. Convert 540V to kV

1. k (kilo) = 103

2. 540V = .540 x 103 V

3. .540 x 103 V = .54kV

32

mars in

(A )

0 4 0

10 10-3

k UNITS
(v)

5 4 0
103 10
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Example 3. Convert .00012W to ,44W

1. ,401-(micro) = 10-6

2. .00012W = 12 x 10'5 W= 120 x 10-6 W

3. 120 x 10-6 W = 120 AN

UNITS m
(w)

0 0 0 1 2 0

10° 10 10

Now that you see how to convert a number to a prefix, changing

a prefix to a number shouldn't be difficult. Any time you change a

number with a prefix back to units, you just have to reverse your

process.

Let's look at the following examples.

Example 1. Convert 8 k.11. to _n-

1. 8k al- =8 x103

2. To convert this back to units Cm) , the decimal point

should be moved right (-) 3 places to cancel the

positive exponent.

8 x 103.a. = 8000 xi-
3. 8 = UNITS

(A)

33
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Example 2. Convert 22 ,ot.A to A

1. 22 AfA = 22 x 10-6 A

2. Move the decimal point left ( +) 6 places to cancel the

exponent.

22 x 10-6 A = .000022A

3. 22.t.tA = .000022A
UNITS m
(A)

0 0 2

10 10-3 10-6

p

Example 3. Convert .7 ILO. to

1. .7 Pl-nt. = .7 x

2. Move the decimal point right (-) 6 places to cancel the

exponent.

.7 x 106.43- = 7000004n-

3. .7 1411. = 700,000XL
M k UNITS

(CI-)

0 0 0 0 0

Remember when changing from a prefix to units, always move the

decimal point the direction that would be the opposite of the power

of ten indicated by the prefix. This will cancel the prefix and the

result is 100 or units position.
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Another situation encountered in prefix study is that of

converting from a given prefix to another prefix. For instance, you

solve a problem on resistance and obtain an answer in M.A. , but the

answer should be expressed in ka)..

Converting from one prefix to another is a simple problem if

you understand the previous areas of study. The steps to follow are

very similar to those you just studied. Study the following example:

Example 1. Convert .07 Ma-to k11-

1. Express the prefixes as their powers of ten.

M=106 k= 103

2. Move the decimal point right 3 places to express the number

with the new power of ten.

.07 x 106 = 70 x 103

3. .07 m.11.= .07 x 10b1L = 70 x 1031i- = 70 k.n.

M k UNITS(a)
7 0 0._0, 0 I

_

10 103 10°

After converting the prefixes to their respective powers of ten,

the most important step is to move the decimal point in the right

direction. Again you will use a previous rule --- moving the decimal

point left produces a larger exponent and moving a decimal point right

produces a smaller exponent.
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Example 2. Convert 20 A.4.4 to mA

1. . . 4 . 4 . = 10-6 m = 10-3 20./kA = 20 x 10-6 A

2. Since m (10-3) is THREE powers greater than 44.(10"6),

the decimal point should be moved left ( +) THREE places.

20 x 10-6 A = .020 x 10-3 A

3. 20 At A = 20 x 10-6 A = .02 x 10-3 A = .02 mA

1

02.0

10-3Y. 10-6

Example 3. Convert .8 kW to mW

1. .8 kW = .8 x 103 W k = 103 m = 10-3

2. The decimal point should be moved right (-) SIX places,

because m (10-3) is SIX powers less than k (103).

x 103 vr= soo,ow x to -3W

3. .8 kW = .8 x 103 W = 800,000 x 10-3 W = 800,000 mW

UNITS

(W)

8. 0 0 Oi 0

1 10-3

0

Remember, a larger exponent tells you to move the decimal point left.

The decimal point is moved right for a smaller exponent. The amber

of places of movement is the difference between the two exponents.
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SUB QUIZ 10. Convert the following values as directed.

1. 2 mA to i.t.A 5. 625 pF to,A4F 9.

2. 125V to.Di 6. 3 k.a. to ..n- 10.

3. 250 mW to W 7. 75 to A II.

4. .015A to mA 8. .32 kV to MN 12.

20,00043.to M 1L

.004 A to ,44.4

370 kW to W

.3 M.In- to kA..

Check your mowers on the next even-numbered page. If your onsvere

are correct, begin reading the folloming.pormgroph. If you missed on

answer, review the preceding paragraphs.

MULTIPLICATION AND DIVISION WITH PREFIXES

Prefixes, since they represent powers of ten, are used as a

shorthand method of expressing large and small numbers. In electronics,

prefixes are used in conjunction with units of measure. A review of

an earlier example should show. this.

1000 volts = 1 x 103 V = 1 kV

Values such as 1 kV are used along with other values in solving

electronic formulas. Of course, it is necessary to know the prefixes

and their respective powers of ten to do the solutions'. In order to

solve these formulas, you must substitute the power of ten for each

prefix into the formulas and work them as power of ten problems. Study

the following example.
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ANSWERS TO SUB QUIZ 10.

1. 2000 AA 5. .000625 .,4.4.P 9. .02 M.11-

2. .000125 MV 6. 3000 XL- 10. 40 "t4A

3. .25 w 7. .000075 A 11. 370,000 W

4. 15 mA 8. .00032 Mil 12. 300

E x a m p l e 1. P = I x E I = 2 IA E= 20 V P=

P = 2 mA x 20 V

= 2 x 10-3 A x 20 V

= (2 x 20) x 10-3

= 40 x 10-3 W = 40 mW or .04 W

Review of multiplication using powers of ten paragraphs and

division using powers of ten paragraphs may prove helpAi1.

MASTER QUIZ 11. Solve the formulas for the indicated values..

1. I=E/R, E = 150V, R = 25 k.CL , I = la or A.

2. t = 1/f, f = .5 megahertz (1411z), t = pis or ms

3. P = I211; I = 3 mA, R = 7 kat P = mW or W.

4. k =
fC
.159 , = 53 hertz (Hz), C = 15 pi' (uF), XC = k.n. or

5. E = I x R, I = 10 pA, R = 425 k.cl- E = mV or V

6. A =v p V= 300 x 106 meters per second, f = 25 kHz, A = k meters.

or meters.

Check your answers on the next even- numbered page. If you missed less

than two, proceed to paragraph covering EQUATIONS. If you missed two or

more, continue reading.
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_ Solve the following problems of the previous quiz to show the

steps necessary to complete them.

Problem 1. I = E = 150 V, R = 25 k.el , I r mA or A.

= 2.1-q =
25 kn. 25 x 107

_ 150
250x 103

_ 150 x 10-3
25

= 6 x 10-3 A= 6 mA or .006 A

Problem 3. P = 12 Rs I = 3 Ms R = 7 it-it s P= MW or

P= (3 mA) 2 x 7 k = (3x1Cr3)2 x 7 x 103

= 32 x (10-3)2 x 7 x 103

= 9 x 10-6 x 7 x 103

= (9 x 7) x 10-6 + 3

= 63 x 10-3 = 63 mW or .063W

Problem 4. X c = 412-, f = 53 Hz, C = 15pF, 1c = k 13. or

XC = .159 _ 159 x 10-3 , (Changed .159 to 159 x 10-3)
x53 x 15 x 10-6 53 x 15 10-0

159 x 10-3
795 x 1G-6

= 159 x 10-3 x 106
795

= .2 x 10-3 +6

= .2 x 103 =.2 kilL or 200.:0- .
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ANSWERS TO MASTER QUIZ 11.

1. 6 mA, .006A 4. .2 kal., 200.11.

2. 2 pa, .002 ma 5. 4250 MV, 4.25 V

3. 63 mW, .063 W 6. 12 k meters, 12,000 meters

Problem 6. = , V = 300 x 106meters/second, f = 25 kHz, A = k meters

or meters

_ 30D x 106 raetersLeecond = 00 x 106
25 kHz 25 x 10

- 300 x 106 x 10-3
25

= 12 x 106 + (-3)

= 12 x 103 = 12 k meters or 12000
meters.

Solving electrical formulas uses your knowledge of operations with

powers of ten and common prefixes used with units of measure. An adequate

understanding of both areas are necessary in becoming a technician.

SUB QUIZ 11. Solve the formalise for the indicated values.

1. XL = 6.28 fl., f = 10 kHz, L= 4 TnH XL = l or k_ci..

2. P = E2/R, E = 15 kV, R = 10 M.C1, P = W or mW

3. R =157-. X p Z = .01 k-C7- , X = 8-tl. , R = Xl. or kit .

4. R = EA, E = 96 V, I = 8 DA, R = k.ri- or ..CL

5. I = ilTR, P = 400 mW, R = 100 ILA., I = mk orA .
6. f. .159 , C = 10 pF, Xe = 159 k-C1- , f = MHz or kHz.

C x Xe

Check your answers on the next even-numbered page.
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If you missed an answer, review previous paragraphs. If your

answers are correct, you are ready to study equations so continue

reading.

EQUATIONS

In order to solve electronics problems you must be able to use

formulas and solve equations. An equation is a mathematical statement

that two quantities are equal. 6 + 5 = Et + 3 is an equation because

the quantity on the left side of the equal sign is equal to the

quantity on the right side.

An equation is a precision - balanced scale. It is balanced

when you begin working with it, and you must maintain that balance

when eolvinvthe equation. When solving equations youscen add, subtract

multiply, divide, raise to powers, and extract roots -- as long as you

perform the same operation to both sides of the equation!

To solve equations, we use certain rules and facts that are

always true. These rules must be applied to both sides of the

equation to keep the two sides equal. The rules are:

1. You can add the same number to both sides.

2. You can subtract the same number from both sides,

3. You can multiply both sides by the same number.

A. You can divide both sides by the same number.

5. Two terms equal to a third term are equal to each other.

6. You can raise both sides to the same power.

7. You can take the same root of both sides.

506



ANSWERS TO SUB QUIZ 11.

1. 251.21L , .2512 4. 12 k-n- 12,000.1n-

2. 22.5 W, 22,500 mW 5. 2 mA, .002A

3. 6-a. , .006 lun. 6. .1MHz, 100 kHz

Equations are usually solved by transposition using the rules

stated above. Transposition is the operation of rearranging an equation

to leave the letter representing the unknown value on one side of the

equal sign and all other terms on the other side'of the equal sign.

in other words, terms must be moved from one side of the equation to

the other in order to isolate the unknown value.

MASTER QUIZ 12. Solve for the unknown value.

1. X + 10 = 18 4.

2. 31( - 12 = 24 5.

3. 7X - X = 49 X
6.

6X + 10 = 10X - 10

27
4

-8X + 40 = -2X - 10

Check your answers on the next even-numbered page. If you missed less

than two, proceed to MASTER QUIZ 13. If you missed to or more, continue

reading.

As was stated earlier, rules are used to solve equations. Let's

look at an application of each of the above rules to understand their

usage.

1. Add the same number to both sides.

X - 5 = 12 By adding the same number (5) to both

X - 5 + 5 = 12 + 5 sides, we isolate the unknown (X).

X 4= 17
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2, Subtract the same number from both sides.

Z + 10 = 12 By subtraoting the same number (10)

Z + 10 - 10 = 12 10 from both sides, the unknown ( Z)

Z = 2 is isolated.

3. Milltiply both sides by the same number.

5

= 12

x = 12 x.1
5 1

Here both sides of the equation were multiplied

by j in order to isolate the
1

unknown value (X).

X = 60

4. Divide both sides by the same number.

5X = 85 Both sides of the equation were divided by the

=
5

same number (5) to find the unknown value (X).

X = 17

5. Tema equal to a third term are equal to each other.

Y 1.1 and X = M

therefore X = I because X and Y are both equal to M.

6. Raising both sides to the same power.

= 3 By squaring both sides of the equation, the

(a)2 = 32 radical (square root sign) is removed from the

1.1 = 9 unknown and the equation is solved.

7. Taking the same root of both sides.

X2 36
By taking the square root of both sides, the

=

x = 6
value of X is found.
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ANSWERS TO MASTER QUIZ 12.

1. X = 8 4. X z- 5

2. x = 12 5. X = 36

3. X = 7 6. X= 8.3

You should notice in the above rules that both sidee of the

equation were treated the same. Remember, an equation is a balanced

scale. In order to keep it balanced, the same operation must be

performed on both sides of the equal sign.

Study the following example:

Example 1. X - 10 = 15 Solve for X.

X - 10 + 10 = 15 + 10

X = 25

In order to solve this equation, you must isolate the unknown value

CO on one side of the equal sign. Thie involvee adding 10 to both sides

of the equation. In other words, the 10 is moved by performing the

inverse' operation on it.

In terms of inverse operations, addition and subtraction are

inverse operations, and squaring and square rooting are inverse operations.

Example 2. 7. + 4= 6 Solve for Z.

Z + 4 - 4 - 4 (Rule 2)

Z = 2

Example 3.
7
= 3 Solve for X.

7
1 =x 3

X = 21

Example 4. 9X = 108

22; = 108

9 9

X = 12

7 (Rule 3)

Solve for X.

(Rule 4)
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Example 5. 14 = X + 7 Solve for X.

14- 7 -X +7 -7 (Rule 2)

7 -X
Example 6. IC +.3 = 2 Solve for Y.

Y + 3 - 3 = 2 -3 (Rule 2)

yr.: -1

Every equation can be checked by eubetituting the value of the

un3movn into the original equation. Note the following example.

Example.7. .1;= 6 Solve for X.

12

_31 x 12 = 6 x 12
12 1 1 Check: 23 = 6

12
X = 72 6 = 6

Up to thie point the equations have been solved in just one

step. Of course, this will not alwaye be the cam. But, any

equation can be solved ueing the rules for each step in the eolution.

Example 8. 13X - 8 =

131 -8 + 6X =

13 - 6X

11 - 6X + 6X

Solve for X.

(Rule 1)

19X -8 = 11 Check: 13X -8 = 11- 6X

19X - 8 + 8 = 11 + 8 (Rule 1) 13(1) - 8 = 11 - 6(1)

19X = 19 13 - 8 = 11 - 6

= n (Rule 4)
19 19

X = 1
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For problems involving more than one step, do the steps in the

following orders

1. Combine any terms that have the same unite or unknowns.

2. Use your rules to put all terms with the unknown on one side.

3. Use the rules to put all terms without the unknown on the

other side.

4. Combine terms that have the same unite or unknowns.

5. Use your rules to complete the problem.

Example 9. 7X - 8 + 4 = 3X + 9 + 15 Solve for X.

7X - 4 = 3X + 24 (Combine like terms.)

7X - 4 - 3X = 3X + 24 - 3X (Rule 2)

4X - 4 = 24

4X _ 4 + 4 = 24 + 4 (Rule 1)

4=28
(Rule 4)

4 4

Check: 7X - 8 + 4 = 3X + 9 + 15

7(7) - 8 + 4 = 3(7) + 9 + 15

49 - 8 + 4 = 21 + +

45 = 45

X = 7

Example 10. 2.1:= 34 Solve for X
10 Check: 7X = 14

107X = x 10 (Rule 3)
10 1 3) 7 20 = 14O

ka = 14
10

71 = 140

= .D
*'7 7

X= 20

(Rule 4)
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By the application of the rulee of transposition, the solution of

equations becomes a series of ow etepe. Remember, once you have

solved for the unknown, you can also check yourself by substituting

your answer for the unknown in the original problem.

SUB QUIZ 12. Solve for the unknown value.

1. 3X - 6 = 9 4. X
2
- 3 97

2. AZ 3 = 15 5. 4X - 8 = 2X + 10
7

3. 5X - 4 + 2X = zr - 4 - 20 6. -2X + 9 + 1 - 4 = -3X + 19

Check your answers on the next evenr.nUmbered page. If you missed an

answer review preceding paragraphs. If your answers are correct, take

MASTER QUIZ 13.

MASTER QUIZ 13. Solve for unknown value.

1. 2L.0 +6 =2 4. 2X2 - 7 = X2 + 9
3

5. 5(X + 6)__ = 40
2.

5 10

3. 6 CX - 7) = 30
6. 4X - 3(X-7) = 21

Check your answers on the next even-numbered page. If you misses less

than two, take MASTER QUIZ.14. If you missed two or more continue

reading.

When working electronic equations, you may run into problems that

contain many groups of fractions such as this ones AZ .2 = X 1
3 2 3

There are a few general rules to solving all equations; and one of them

is that to simplify eviations, all fractions must be cleared.
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ANSWERS TO SUB QUIZ 12.

1. X= 5 4. X= 10

2. X = 21 5. X = 9

3. X = -4 6. X = 13

ANSWERS TO MASTER QUIZ 13.

1. X = 7.9 4. X = 4.

2. X= -2.25 5. X = 50

3. X = 12 6. X = 0

To clear fractions, you must multiply every term by the LOWEST

COMMON DENONONATOR. The LCD is a number that all of the divisors

can divide into evenly. By multiplying by the LCD, all denominators are

cancelled; therefore, there are no fractions left in the equation.

Observe, once more, the previous equation given:_a- 2 =;Y - 1.
3 2 3

The denominators in the three fractions are 3, 2, and 3 again. In order

to clear fractions here, 6 would be the LCD because every denominator

divides evenly into 6. Let's follow the solution below;

(6)4y ...1§12= (6)1 (Multiply by 6)
3 2 3

2(4Y) - 3(3) = 2Y - 6 (Divide each denominator into 6)

8Y - 9 = 2Y - 6

8y - 2Y - 9 = -6 (Rule 2)

- 2Y = -6 + 9 (Rule 1)

6Y= 3

Y = .5 (Rule 4)
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Example 2. _g__ .6 = 3 . .
3 4

(12)2X - (12)6 = 11212_ (Multiply by 12 -- the LCD)

3 4

4(2x) - 72 = 3(3)

8X - 72 = 9

8X =.9 + 72

ax = 81

X = 10.125 (Rule 4)

Example 3. _AL -3 = X - 7

5 3 15

(Rule 1)

(1,1)4X (15)3 DIDL 1.102
5 3 15

3(4X) - 45 = 5X - 7

12X - 45 = 5X - 7

12 X - 5I - 45 = -7 (Rule 2)

71 - 45 = -7

7X = -7 + 45 (Rule 1)

7X = 38

X = 5.375 (Rule 4)

(Multiply by 15 -- the LCD)

Example 4. + 1 - 17Y

21 2 5y

,(10Y)5 + (1011)1_ = (10Y) (7Y-1) (Multiply by 10Y --The LCD)
2y 2 5Y

5(5) + 5y(i) = 2(7y-i)

25 + 51i = 2.41 - 2

25 = 14Y - 5Y - 2 (Rule 2)

25 = - 2
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Example 4 (Cont'd) 25+2=9r

27 = 913!

3 = Y

(Rule 1)

(Rude 4)

In the above example, the unknown (f) was part of the denominator,

and so it must also be part of the LCD. Since 2 and 5 both divide into

10 evenly, 10Y is the LCD. Every term was multiplied by 10Y.

Refer to Example 4 again. In the second step of that solution

you will see this: 2(7Y-1). Another important aid to solving equations

is to get rid of parenthesis immediately. This is accomplished easily

by multiplying each term inside the parenthesis by the value outside the

parenthesis. In this example, 7Y is multiplied by 2 and -1 is multiplied

by 2. Therefore, 2(7Y-1) = 2(7Y) + 2(-1) = 14Y - 2.

Example 5 also shows the solution of a problem were the unknown is

in the denominator.

Example 5.
6

- 1 = 0
3X

,(6X) X6X11, .(6X)0 (LCD is 6X)
6 3X

5X - 2 = 0

5X= 2

X 7- .4

(Rule 1)

(Rude 4)

Again note that the unknown OE) is part of the denominator.

Therefore, since 3 and 6 divide into 6 evenly, the LCD is 6X. IMPORTANT.

Every term of the equation must be multiplied by the LCD in order to keep

the equation balanced.
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Example 6. 3(4-X) - 2(X-6) = 0

3(4) + 3( -X) - 2(X) + ( -2)( -6) = 0

12 - 3X - 2X + 12 = 0

12- 5X+ 12= 0

24- 5X- 0

= 5X

4.8=X

Example 7. 3(X2 + 5) = 2(X2 + 20)

3(x2) + 3(5) =.2(X2) + 2(20)

3x2 + 35 = 2x2

3X2 2X2 = 40 - 15 (Rule 2)

X2 = 25

X = 5 (Rule 7)

Example 8. 8(X-2) = 16
3

8(X-2)= 16() (Multiply both sides by 3 the LCD)

8(X) + 8(-2) = 48

8X - 16 = 48

8X = 48 + 16 (Rule 1)

= 64

X = 8 (Rule 4)

As you can imagine, equations can get to be pretty difficult to

solve - especially when the solution involves many steps. A good

step approach to equation solving can be puomarized as follows:

Step 1. Clear fractions (if there are any) by multiplying each

term by the LCD.
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Step 2. Get rid of parenthesis by multiplying each term inside

the parenthesis by the value outside the parenthesis.

Step 3. Ube the seven rules as presented earlier to complete the

solution for the unknown value.

If you follow this procedure, solving equations will be much easier.

SUB QUIZ 13. Solve for the unknown value.

1. 2(2X-3) + 6 = 4(X +l) + 21

2. I 4. =
4 8 2

3. X? + 6 = 2(X2 - 5)

4. 51+7) = 10
3

5. 3 (4-2X) - 2 (X-6) = 0

6. 3 2

3X 5

Check your answers on the next even-numbered page. If you missed an

answer, review preceding paragraphs. If your answers are correct, take

MASTER QUIZ 14.

MASTER QUIZ 14. Rearrange the following formulas for the quantity
requested.

1. XL = 2 Ira Solve for f.

2 X
C
-- _a22 Solve for f.

ft

3. P = I2R Solve for I.

4 I = E Solve for E.
R

5. Z = ht2+ X/ Solve for R.

6. A = C Solve for A,
B D

Check your answers aa the next even-numbered page. If you missed less

than two, begin reading with first paragraph after SUB QUIZ 14. If you

missed two or more, continue reading.
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Your work in electronics will involve an formulas that oontain

more than one unknown quantity. You must be able to rearrange there

formulae to find any quantity in terms of other quantities involved.

This type of equation is called a Limn EQUATION.

The number of possible arrangements of a formula is equal to the

number of unknown quantities in that formula. Therefore, if there are

four unknowns in a formula, that formula can be written four different

ways. For example, the formula XL = 2 1Y fL has a total of three

unknowns. Besides being written in terms of thethe formula can also

be written in terms of f or L.

In the unknown quantity XL the L is below the line and is called

a subscript. A subscript is used to more narrowly define the unknown

quantity. For instance, in XL the X means reactance and the L means

inductance, so IL is inductive reactance. The quantity Xc means

capacitive reactance as X meanr reactance and C means capacitance.

In order to solve a literal equation you use the same rules as

for the previous equations. Remember that the letters stand for numbers

and are treated Just like any other numbers.

The two most important things to remember are as follows:

1. Whatever process you apply to one side of an equation must

also be applied to the other side.

2. Apply whatever rule is necessary to isolate the letter desired

on one side of the equation.
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4.

ANSWERS TO SUB QUIZ 13

3.. X =

2. X = 4.1

3. X = 4

4. X= -3

5. X = 3

6. X = 5.6

ANSWERS TO MASTER QUIZ 14

1, f = , XL
2 eir L

24 f 74, 41.22

'GC

3. T= I.

4. E = IR

5. R= YC2:7

6. A

Given the formula I = let's rearrange the terms to solve for E.

Solve for E.Example 1. I = E

(R)I= RE

RI=

(Rule 3. Multiply both sides by 11)

Now this equation can be used to find E when numerical values are given

for I and R. The values are substituted into the equation in the proper

place and solved. Now solve the same equation for R.

Example 2. I = A Solve for R.

(R)I=
RE

RI =

RI E

R =1

(Rule 3)

(Rule 4)

54
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Remember that fractions should be eliminated as soon as possible when

solving equations. Isolating R took two steps as you can see. First

fractions were eliminated by multiplication; then division was used

to move the I to the right side of the equation.

The formula just solved, I = E is not only the simplest formula
R

used in electronics; but it is also the most commonly used. When

given any two of the three quantities, you can easily solve for the

third.

This formula can also be converted from one form to another by

what is called the "rule of thumb" method. Look at figure 1U below.

If you put your thumb over the unknown quantity, the mathematical

process to follow is clearly indicated. For example, if you vent to

solve the equation in terms of E, cover the E with your thumb. Thus

the mathematical process for finding E is I x R. Covering I would

produce the process E . If R is the unknown, cover the R and you get E .

REP 4-326

Figure 4.

The "rule of thumb" method is the quickest way to solve this

particular equation, and may be used in your problems. However, you

should be able to follow the method of solving equations using the

rules.
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Another frequently used formula in electronics is P = EX. As

you may already suspect, the rule of thumb method can also be used

with this equation as shown in Figure 5. Cover one of the unknowns

with your thumb and the mathematical process to use to find that

unknown will be indicated.

Figure 5.

REP 4-327

Of course, I = rt. and P = EX are simple formulas compared to a few

you may encounter in later studies. But no matter how complex the

formulas may appear, they can all be converted from one unknown to

another by means of the seven rules previously presented. Study the

following examples and note the rules used.

Example 3. XL = fL Solve for f.
.159

(.159)XL = (.159)fl. (Rule 3)
.159

. 159XL = fL

_.159XL fL

L L

. 159h = f
L

56

(Rule 4)
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4. F
111.

4

424.___
Solve for Qi

(1

(d2)p. si 0121(Q1 x Q2)
(Rule 3)

d2

d2F = Qi x Q2

Q 4342
2 (Rule 4)a2

Q al

Ea r. EFE2 1. E02bump le 5.

Es2 ( jr22 .---71. )2

Solve for ER.

(Rule 6)

E.2 . Es2 + Ec2

Ea2 - Ec2 . ER2 + Ec2 - Ec2 (Rule 2)

E.2 - Ec2 . ER2

(Rule 7)Eat 7.Ec2 = IcRi

N....,

Niit2 7----EG2 = FR

Example 6. N E Solve for Es.

(Rule 3)

(Rule 3)

(Rule 4)

SECOND METHOD:
Na Es

(Es)Nto Ep(Es)

N Eaa P N8

Es = Na

Na gE'l

ERN2 Ep

Ns

iliag/12
(Ns)EP

Na

Es Np = Ns Ep

E ND WNs En
8

P

, .7:
it Np

ILILE

57
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In Example 6 a second method called CROSS MULTIPLICATION was

shown in solving for the unknown. Cross Multiplication is the

multiplying of the numerator on one side of the equal sign by the

denominator on the other side of the equal sign. This is indicated

by the arrows in the problem. Two ratios can be easily solved using

this method. Cross multiplication gets rid of fractions quickly.

SUB QUIZ 14. Rearrange the following formulae for the unknown as
specified.

I E2= Solve for I .E1.

2.

3.

2p = -

F 141 x 142

Solve for E. 4.

5.

6.

= -721 ---

X =

Solve for d.

Solve for C.
O LIG

ip

c JAL Solve for A

X = ../12 Solve for Z.

Check your answers on the next even-numbered page. If you missed an

answer, review preceding paragraphs. If your answers are correct,

continue reading.

In direct current circuits, the electronic technician is concerned

with three values: voltage, current, and resistance. Earlier you

worked with the formula I = at which time it was stated that this

was the basic formula in electricity.

George S. Ohm, a German scientist, developed this formula and so

it was appropriately entitled Ohm's Law. He stated: "The current in

a circuit is directly proportioned to the applied voltage and inversely

proportional to the resistance." Hence I= and:

58
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E = Voltage ---- measured in volts (V).

I = Current ---- measured in amperes (A).

R = Resistance - measured in ohms (a).
If you know any two of the values, you can always compute the

third. You can convert I = 1 into formulas for E and R using 'rules or

you can use theliru.le of thumb" discussed in preceding paragraph.

Now let's see how Ohm's Law is applied to a simple electrical

circuit. Assume the circuit shown in Figure 6 is a railroad lantern.

It consists of a 6 volt battery, a switch, and a lamp with a resistance

of 2 ohms. The problem is to find the current when the switch is closed.

--7--- 6V 2a

Figure 6.

According to Ohm's Law, current (I) is equal to voltage (E)

divided by resistance (R) or I = 1 ;

E volts
1 = R or Amps Mr

REP4-328

1 = Ll..
=3A2.n.

Let's assume that in the above circuit, that the resistance of

the lamp is 5.n. and that the current is 2A. The value you don't

know is voltage (E). The formula for voltage is E = I x R.

E= INR or volts = Amps x Ohms

E = 2A x 5.n.

E = 107
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ANSWERS TO SUB QUIZ 14

1. E = vriRT

141, x 142,

. d = ^

rxe

4 Ip =
p

dO
5. A =

6. Z = V1747i5

Let's go one step further and assume the battery's voltage is 12V

and the current is 3A in the circuit. Then the formula for finding the

link:clown value of resistance is R=
I

volts
R = Or 0=13 - Amps

12V
" 3A

R = 411- REP 4-326

Therefore, the three forms of Ohm's Law are:

Resistance: R = the answer is expressed in ohms.

Current: I = the answer is expressed in amperes.

Voltage: E = IR the answer is expressed in volts.

Each of these comes from the "Rule of Thumb ".

As a technician, not only mast you be able to solve Ohm's Law but

you should also be able to state the effects when one or two values

change. For example, when voltage is increased in a circuit and the

resistance is held constant, how will the current change? The correct

answer is that current will increase.

You could look at the formals I =1 and see that if R is constant

and E increases, then I would have to increase. Thus more current is

a result of more voltage. This is because current and voltage are

directly proportional -- an increase in one means an increase in the

other and a decrease in one means a decrease in the other, providing

resistance stays constant.

6o



If voltage is kept constant and resistance decreases, then current

would increase again. By looking at the formula I = youyou should be

able to see this. Therefore, current and resistance are inversely

proportional -- theY react oppositely to each other when voltage

remains constant.

SUB QUIZ 15. Solve:

1. R = 10.11. , E = 50V, 1 = 4. E decreases, R constant, I

2. E = 100V, I = 10A, R = 5. E doubles, Pt doubles, I

3. R = 20 k.O. , 1 = 3mA, E = 6. R increases, E constant, I

Check your answers on the next even - numbered rage. If you missed an

answer, review preceding paragraphs. If your answers are correct, you

have completed this program.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELFCHECK.
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ANSWERS TO SUB QUIZ 15.

1. I = 5A 4. decreases

2. R = 101E 5. remains constant

3. 60 V 6. decreases

,

62

527

1



,,,...11111PAIIII TN' MAN
4.....,

3

ATC GP 3A0R3X020-X
Prepared by Keesler TTC

KEP-GP-4

Technical Training

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 4

DIRECT CURRENT AND VOLTAGE

._ 1 May 1974

xre Kmvtier S. 1217

*
*

AIR TRAINING COMMAND

Designed For ATC Course Use

00 NOT USE ON THE .1011

528



Basic and Applied Electronics Department
Kees ler Air Force Base, Mississippi

519

Ate. GUIDANCE PACKAGE 3AC)R3X020-X
KEP-GP-4

1 May 1074

ELECTRONIC PRINCIPLES

MODULE 4

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.
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OVERVIEW

DIRECT CURRENT AND VOLTAGE

I. SCOPE. AU of the effects of electricity can be explained by assuming the existance of a
tiny particle called the electron. To direct and confine electrons requires the use of conductors
and insulators. To furnish electrons requires the use of common sources of electromotive
force. This module starts with the atom andfinishes with electron flow and electrical pressure.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives:

a. From a group of statements, select the ones which describe a conductor and an
insulator.

b. From a group of statements, select the one that describes the movement of free
electrons within a conductor.

c. From a group of terms and symbols, select those which name the unit of measure-
ment and symbol for electron flow.

d. From a group of statements, select the one which describes the pressure that causes
the movement of free electrons within a conductor.

e. From a group of terms and symbols, select those which name the unit of measure-
ment and the symbol for Electromotive Force.

1. From a group of statements, select five that describe common sources of Electro-
..... motive Force.

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK.

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT
PAGE AND PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT
YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

1
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1:21

LIST OF RESOURCES ..,,

DIRECT CURRENT AND VOLTAGE

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preferences, any or all of the following:

READING MATERIALS:

Digest

Adjunct Guide with Student Text

AUDIO- VISUALS

Television Lesson, Electrical Properties of Matter, TVK 30-101C

Television Lesson, Charged Bodies, TVK 30-101D

Television Lesson, Voltage, TVK 30-101E

Television Lesson, Current, TVK 30-101F

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

531
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DIGEST

%., DIRECT CURRENT AND VOLTAGE

CONDUCTORS AND INSULATORS

The electrical conductivity of a material depends on its atomic structure, which determines
if it is a conductor, a semi-conductor, or an insulator. A material which allows electrons
to move from atom to atom is said to have free electrons and is a good conductor. A material
which does not allow electrons to move from atom to atom is said to have no free electrons
and is a good insulator.

Examples of good conductors are silver, copper, gold, and aluminum. Examples of good
insulators are rubber, plastic, and glass. Silicon and germanium are examples of two common
semi-conductors used in solid state devices.

CURRENT AND VOLTAGE

Negatively (-) charged electrons revolve around the positively (+) charged protons of the
atoms within a material. These electrons become an electric current when brought under the
influence of an external force or charge. The movement of these electrons conforms to the
law of charges, which states that LIKE CHARGES REPEL and UNLIKE CHARGES ATTRACT.
When a material has a deficiency of electrons it has a positive charge. A surplus of electrons
Produces a negative charge.

When the charges are connected together through a conductor they exert a pressure on the
free electron* of the conductor and cause them to move from the negative charge to tne positive
charge. This electron movement is known as CURRENT and is measured in amperes (A).
The electrical symbol for current is the letter I.

In order to maintain current now in a conductor, the positive ana negative charges, or
difference of potential, must be maintained. This pressure is known as electromotive force
(EMF) and is measured in VOLTS (V). The electrical symbol for electromotive force is the
letter E.

SOURCES OF ELECTROMOTIVE FORCE

EMF may be produced by mechanical action (generator), chemical action (battery), thermo-
electric effect (thermocouple), photoelectric (television camera), and piezoelectric (crystal
microphone).

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

3
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ADJUNCT GUIDE

DIRECT CURRENT AND VOLTAGE

INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page following
the questions.

If you experience any difficulty, contact your instructor.

Begin the program.

A. Turn to Student Text Volume I and read paragraphs 3-1 thru 3-21. Return to this page and
answer the following questions.

1. Identify the following by matching each with its proper number: (See figure)

a. Nucleus

b. Valence Electron

c. Atom

d. Proton

e., Outer Orbit

L Electron in an
Inner Orbit

4

r es1.).; jew

r.2 3
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..... L Complete the chart by placing a check in the proper column:

ATOM POSITIVE
ION

NEGATIVE
ION NEUTRAL

1

2

. .

3

4

ADJUNCT GUIDE

3. Complete the following chart by Indicating the charge of each particle in an atom:

PARTICLE CHARGE

4. Matter is defined as:

5. An is the smallest particle of an element.

6. The two main particles found in the nucleus of an atom are the

7. "Valence" refers to the behavior at an atom. The "Valence"

electrons in an atom are located .

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.



ADJUNCT GUIDE

ANSNEDS TO A:

1. a)

b)

c)

5

3

1

d)

e)

f)

5

2

4

. #1 neutral #3 neutral

#2 negative ion #4 positive ion

. Electron Negative

Proton Positive

Neutron Neutral

. Anything that occupies space and has weight or mass.

. Atom

. Proton and Neutron

. Chemical . . . in its outer ring.

.. If you missed ANY questions, review the material before you continue.

B. Turn to Student Text Volume I and read paragraphs 3-22 thru 3-32. Return to this page
and answer the following questions.

I. A good conductor must have

- d.

an atomic structure without electrons.

a great number of atoms.

very few free electrons.

many free electrons.

2. A good insulator

a.

.... c.

opposes the movement of free electrons.

has many free electrons.

must have very few atoms.

has atomic structure with many free prctor.A.

6
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V 3.

4.

5.

8.

List four Metals that could be used as conductors.

ADJUNCT GUIDE

and

and

A. 1110.

List six materials that could be used as insulators:

Owl,a1

Semiconductor material lies between the extremes of a goad

a good .

....
____

.4.80.4.1.1....The two most common semiconductor mator.is are

N.,

Mr

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PACE.

.ii-ama-u-s-11-460.-0.*.a_*.41.1i-rro-wips-.-0-4-4A- 0. 4b-..- 11-6-4.-80-16--0-4-11-*-*.a-..-vi-4.-rt A..-.ewe.

C. Turn to Student Text Volume I and read paragraphs 3-33 thru 3-53. Ater:: to this page
and answer the following questions.

I. List the three possible electrical charge ;:anttiio:::) dn object can have.

2. A coulomb a:

An atom containing an equal number of electrons and protons.

The opposition a device offers to the Cow of electrons.

Unit of electrical charge.

The force between two charged bodies.

3. An application of Coulomb's La* would be:

As the distance between two charged bodies isle:034GS,
them decreases.

As the distance between two charged bodies decreases,
them decreases.

Like charges attract, while unlike charges repel.

All of the above.

7

536

C.o. force between

the force between

5z4



ADJUNCT GUIDE

ANSWERS TO B:

1. d

2. a

3. silver gold

copper aluminum

4. rubber glass

plastic dry wood

enamel mica

5. conductor, insulator.

6. silicon, germanium

If you missed ANY questions, review the material before,you, continue.

4. If the distance between two charged bodies is doubled, the total force would:

_ a. Be twice as large.

Be one-half as large.

_ c. Be one-fourth as large._ d. No change.

5. Bodies with like charges .

6. Bodies with unlike charges, .

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

D. ?Urn to Student Text Volume I and read paragraphs 3-54 thru 3-66. Return to this page
and answer the following questions.

1. The three things necessary for current Bow are:

8 53 7
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2. One (1) ampere of electrical current is defined as:

a.

ADJUNCT GUIDE

The number of volts required to produce electron flow through 1 ohm of
resistance.

The speed which electrons attain while in motion through a conductor.

The movement of 1 coulomb past a point in 1 second.

One volt per second past a given point in a circuit.

3. In an external circuit, the direction of electron flow is from

to

4. The symbol for current is .

5. The practical unit i:If current is the:

Ampere.

Electron.

Coulomb.

Volt.

CONFIRM YOUR ANSNERS ON THE NEXT EVEN NUMBERED PAGE.

.... 4,-..,_*_a_.__a_a_E--__s_a_----.0-4.-.1.0.-__48.-.A.. - - - -- - -
E. Turn to Student Text Volume I and read paragraphs 3-88 thru 3..71. Return to this page
and answer the following questions.

1. A correct definition for an EMF would be:

a. An opposition to the flow of electrons.

b. The force between two neutral bodies.

c. A difference of potential.

d. The amount of current.

2. The symbol for voltage is

3. List five common sources of EMF.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

9
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ADJUNCT GUIDE

ANSWERS TO C:

1. neutral negative positive

2. c

3. a

4. c

5. repel each other.

8. attract each other.

IC you missed ANY questions, review the material before you continue.

ANSWERS TO D:

1. a potential difference

a conductor

continuity

2. c

3. negative positive

4. 1

5. a

U you missed ANY questions, review the material before you continue.

1

ANSWERS TO E:

1. c

2. E

,3, AA,ohaitical photoelectric

chemical piezoelectric

thermoelectric

Ti you missed ANY questions, review the material before you continue.

1

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

i0

539

4-"



'3',
MODULE SELF. CHECK

DIRECT CURRENT AND VOLTAGE

QUESTIONS:

1. A good conductor is described as any material which has

a. many free atoms.

b. many free electrons.

c. few free atoms.

d. few free electrons.

2. A good insulator is described as any material which has

a. many free atoms.

b. many free electrons.

c. few free atoms.

d. few free electrons.

3. The symbol for electron flow is .

4. The unit of measurement for electron flow is

5. The pressure that causes current flow is described as .

6. The unit of measurement for EMF is the .

7. The symbol for electromotive force is

8. Name five methods that describe common sources o EMF.

b.

c.

d.

e. _
CONFIRM TOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

.11
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MODULE SELF-CHECK

ANSWERS TO MODULE SELF-CHECK

1. b.

2. d.

3. I

4. ampere

5. a difference of potential, EMF, or Voltage.

6. volt

7. E

8. a. chemical

b. mechanical

c. photoelectric

d, piezoelectric

e. thermoelectric
f

4.0

HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.

12 541
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339
OVERVIEW

RESISTANCE, RESISTORS, AND SCHEMATIC SYMBOLS

I. SCOPE: Resistance is another aspect of electricity that must be considered when dealing
with electronic circuits.

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following
objectives:

a. frets a group of statements. select the we that describes the opposition to the movement
of free electrons within a conductor.

b. From a group of terms and symbols, select those which name the unit of measurement
and the symbol for resistance.

c. From a group of resistor symbols, select the symbol for a fixed, tapped, and variable
resistor.

d. Given five resistor pictorials, classify each resistor as carbon, fixed wire, slide tap,
rheostat, or potentiometer.

e. From a group of schematic symbols, select the one that represents a:

(1) battery.

(2) fuse.

(3) conductor.

(4) lamp.

(5) switch.

f. Using a resistor color code chart, determine the assigned value of five composition
resistors.

g. Given four schematics showing two, three, or four batteries connected together, select
the schematic connected for maximum output voltage.

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK OR GO TO LABORATORY
EXERCISE 5 -1.

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK OR GO TO THE LABORATORY
EXERCISE, TURN TO THE NEXT PAGE AND PREVIEW THE LIST OF RESOURCES.

DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

1

544



LIST OF RESOURCES

RESISTANCE, RESISTORS, AND SCHEMATIC SYMBOLS

To satisfy the objectives of this module, you may choose, according to your training,
experience, and preference, any or all of the following:

READING MATERIALS:

Digest

Adjunct Guide with Student Text

AUDIO-VISUALS:

Television Lesson, Resistance, TVK 30-101G

Television Lesson, Basic Circuit Components and Symbols, TVK 30-101H
(

Television Lesson, Rheostats and Potentiometers, TVK 30-124

LABORATORY EXERCISE:

Resistor Color Code 5-1

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.
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DIGEST

RESISTANCE, RESISTORS, AND SCHEMATIC SYMBOLS

RESISTANCE AND RESISTORS

Resistance (R) is the opposition to current flow and the unit of measure is the ohm (Sr ).
When 1 volt causes 1 ampere of current to flow, the opposition is 1 ohm (1S1 ).

Resistors may be classified into three general types: fixed, tapped, and variable. Figural
shows the symbol for each.

-VW

Ari

Figure 1

FIXED

TAPPED

VARIABLE
OR

ADJUSTABLE

RFP4 -488

Carbon resistors are constructed from graphite and a binder. Wires are attached to
the graphite and insulating material is molded around the graphite. Bee figure 2A. Fixed
wire resistors are merely resistance wire wound on an insulating material. See figure 2B.

AXIAL LEADS

CARBON RESISTORS

Figure 2A

REP4-485

3
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Figure 2B

REPO -482
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DICIEST

A tapped resistor is a wire-wound resistor with a tap or taps. See figure 3A. A slide
tap is shown in figure 38. A variable resistor could have carbon or resistance wire for the
resistive element. See figure 3C and figure 3D. Notice that the potentiometer has three
terminals while the rheostat has only two A rheostat is used to get a change in current.
A potentiometer is used to get a change in voltage.

C. POTENTIOMETER

D 'RHEOSTAT

Figure 3

SCHEMATIC SYMBOLS

Figure 4 shows many schematic symbols you should become familiar with.

4
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FIXED. RHEOSTAT

TAPPED POTENTIOMETER

RESISTORS

.VOLTMETER

I 1110111610.1.11111 _II li______
SINGLE CELL' MULTICELL

BATTERIES

AMMETER OHMMETER

-..--r-1"-
1...1, esgg 1

. e---

SPST =

SPOT

SWITCHES

0--
DPDT

NOT CONNECTED CONNECTED

CROSSED WIRES POLARIZED CONNECTOR

DIGEST

GENERATOR MOTOR

ROTATING MACHINES

14
OR

LAMP

e\j_
FUSE

GROUND TERMINAL

Figure 4

5
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COLOR CODE

Most resistors will be color coded. The code type covered here is the END-TO-CENTER
band system. Three bands of color are used to indicate the value of the tolerance. When not
used, the tolerance is 20%. The fifth band, when used, indicates the failure rate. See figure 6.

i=
FIRST NUMBER- 1----FAILURE RATE

SECOND NUMBER

MULTIPLIER

COLOR CODES FOR PART
IDENTIFICATION MARKING

TOLERANCE

REP4 -500

COLOR PART SIGNIFICANT FIGURES OF
ELECTRICAL VALUE

TOLERANCE -FAILURE RATE
PER 1000 EMS

1st Number 1 2nd Number Multiplier
Black Capacitor- 0 0 1 ±20% L 5%
Brown --- 1 1 10 * I% M I%
Red --- 2 2 100 * 2% P 0.1%
Orange --- 3 3 1000 01..s R 0.01%

Yellow --- 4 4 10000 ...... S 0.001%

Green Diode 5 5 100000 --- T 0.0001%
Blue - -- 6 6 1000000 ---
Violet --- 7 7 10000000 - --
Gray --- 8 8 - --
White --- 9 9 ---
Gold - - 0.1 * 5%
Silver Coil - 1 - 0.01 ±10%

Figure 5

8
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s..... BATTERY CELLS IN SERIES AND PARALLEL

1%.,...,

DIGEST

When a battery of cells is used as a source of IMF, the desired output voltage and
current carrying ability is determined by how the cells are connected together. Voltages -

of all cells in series will add together. When connected in parallel, the output is the same,
but the current available will be doubled when two cells are in parallel. Figure 6 shows a
series parallel hookup of eight 1.5-volt cells to get 6 volts out.

NOTICE: For the series connection, the negative terminal of one cell is connected
to the positive terminal on the next cell. The voltage will add up to 6 volts. The
parallel connection is made by connecting the two positive terminala together and
the two negative terminals together for the two series seta. The parallel connection
will double the available current value.

tiv SYMBOL T

Figure 6

RIP4-499

..... YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

7
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ADJUNCT GUIDE

RESISTANCE, RESISTORS, AND SCHEMATIC SYMBOLS

INSTRUCTIONS:

Study the reference materials as directed.

Return to this guide and answer the questions.

Check your answers against the answers at the top of the next even numbered page
following the questions.

If you experience any difficulty, contact your instructor.

Begin the program.
* * * a

A. Turn to student text volume 1 and read paragraphs 3-72 through 3-82. Return to this
and answer the following questions.

1. Resistance is defined as:

. a. The electrostatic charge between two bodies.

. b. One coulomb per second past a given point.

. c. Opposition to the flow of electric current.

. . d. The potential difference between two points.

2. The practical unit of resistance is the

3. The symbol for resistance is

4. factors that determine the resistance of a conductor are:

. . . a. Length, diameter, and temperature.

. . . b. Length, diameter, temperature, and the material used in the conductor.

. . . c. Length, diameter, temperature, and the porcelain base.

. . . d. Length, diameter, temperature, and the cross-sectional area.

5. Which of the following materials are commonly used in resistors?

. . . a. Carbon and glass.

. . . b. Metal film and ceramic.

. . . c. Wire and mica.

a
page

55 1 .-..
. . . d. Wire and carbon.
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meeinalte-=101

6. The resistance of a conductor is directly proportional to its

7. The resistance of a conductor is inversely proportional to its

S. The opposition to current flow is called

ADJUNCT GUIDE

9. A material with a negative temperature coefficient means that as temperature:

. . . a. increases, resistance decreases.

. . . b. increases, resistance increases.

. . . c. changes, the resistance remains constant.

, . . d. decreases, resistance decreases.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
* * *--- 4,---*

B. Turn to student text volume I and read paragraphs 3-83 through 3-92. Return to this page
and answer the following questions.

3.. The pictorial diagram represents a:

. . . a. carbon resistor.

. . . b. fixed wire resistor.

. . . c. battery.

. . . d. transistor.

2. The pictorial diagram represents a

. . . a. carbon resistor.

. . . b. potentiometer.

. . . c. slide tap resistor.

. d. tapped wire resistor.

3. The pictorial diagram represents a

. . . a. variable resistor.

. . . b. potentiometer.

. . . c. schematic.

. . . d. fixed carbon resistor.

9
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ADJUNCT GUIDE

ANSWERS TO A.

I. C.
2. ohm
3. R

4, b
6. d
6. length

7. 0.41;142 or cross-sectional area
O. resistance
0. a

It you missed ANY questions, review the material before you continue.

* ..---
4. The pictorial diagram represents a:

. a. fixed wire resistor.

. b. slide tap variable resistor.

. c. Electromechanical device.

. d. potentiometer or variable resistor.

5. Identify the schematic symbol for these resistors:

a.

b.

c.

-a,

161. iii *

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.
* *

C. Turn to student text volume I and read paragraphs 3-93 through 3-116. Return to this
page and answer the following questions.

I. List three requirements for a circuit.

a.-

b

c

2. The purpose of a power dissipating device is to

3. Battery cells are connected in series to

4. Battery cells are connected in parallel to

5. Complete figure 7.

10
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ADJUNCT GUIDE

SYMBOL TITLE
.

A. A...r.

I. RHEOSTAT

C. 0
D. -I
E.

CROSSED OVER
WIRES NOT
CONNECTED

F. LAMP.

O. ....---4,1)-

H. FUSE

I. BATTERY

J.

K. VOLTMETER

L. ---Vg
M.

CROSSED OVER
WIRES CONNECTED

N. OT

0, FIXED
RESISTOR

I

Figure 7

CONFIRM YOUR ANSWERS ON THE MT EVEN NUMBERED PAGE.
a Iii a a

U
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ADJUNCT GUIDE

ANSWERS TO B.

I. b
2. c
3. d
4. d

5a. Variable resistor or potentiometer
513. Tapped resistor
5c. Fixed resistor

If you missed ANY questions, review the material before you continue.

ANSWERS TO C.

1. Source of MO
Conductor
Power dissipating device

2. Perform work
3. Increase voltage
4. Increase current

5a. Ground

b.

c. Ammeter

d. Battery

e.

f.

-4-

g. Switch

h. -r1..,-

1. Tapped resistor

m. --i
n. Motor

o. 11=1IMIIPielki.V1!

D. Turn to student text volume I and read paragraphs 3-117 through 3-135. Return to this page
and answer the following questions.

1. Record the value of the following color coded resistors:

a. Brown-Red-Red-Gold

b. Red-Yellow-Red

c. Yellow-Violet-Yellow

d. Brown-Black-Brown-Gold

e. Gray-Red-Green-Gold-Yellow

f. Orange-White-Gold-Gold

g. Brown-Black-Silver-Gold

12
55



ADJUNCT GUIDE

2. A 500- to 600-ohm resistor is required to repair a radar set. The parts man offers a
choice of four. Select the correct one by color code.

. . . a. Green-Blue-Brown-Silver . c. Green-Blue-Violet

. . . b. Green-Blue Black-Gold . . . d. Blue-Green-Brown-Gold-Yellow

3. What is the ohmic value of a resistor with a color code of Green-Red-Yellow-Silver?

. . a. 52,000 * 10% ohms. . . . c. 524 * 10% ohms.

. . . b. 520,000 * 10% ohms. . . . d. 4,200,000 * 10% ohms.

4. Determine the color coding for the following resistor values:

a. 2500 ohms.

b. 130,000 * 10% ohms.

c. 10 * 5% ohms.

d. 74,000 ohms.

5. When all three bands are red, the resistor value is:

. . . a. 2.20 ohms. c. 222 ohms.

. . . b. 222 kilohms. . . . d. 2200 ohms.

6. When using resistor color code, gold or silver in the third band:

. . . a. is not used.

. . . b. represents a precision resistor.

. . . c. represents a special tolerance.

. . . d. identities a decimal multiplier.

7. When a fourth band is not used, it means the:

. . . a. Third band is used as a divisor.

. . . b. Body-end-dot system is being used.

. . . c. Third band becomes the tolerance band.

. . . d. Tolerance of the resistor is 20%.

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.arl,
13
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ANSWERS TO D.

la. 1200 * 5% ohms.
b. 2400 * 20% ohms
c. 470,000 * 20% ohms
d. 100 * 5% ohms.
e. 8.2 megohms * 5%

Failure rate 0.001%

f. 34 * 5% ohms
g. 0.1 * 5% ohms

-- ,

2. a
3. b
4a. Red-Green-Red
b. Brown-Orange-Yellow-Savor
c. Brown-Black-Black-Gold
d. Violet-Yellow-Orange

5. d
8. d
7. d

U you missed ANY questions, review the material before IOU continue.

,

S -* a *

E. Turn to Laboratory Exercise 5-1. This exercise will prepare you for your progress check.

* a

I

a * a 1.,11.

AFTER COMPLETING THE LABORATORY EXERCISE AND PROGRESS CHECK, YOU MAY
STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

14 557
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LABORATORY EXERCISE 5-1

RESISTANCE, RESISTORS, AND SCHEMATIC SYMBOLS

Resistor Color Code

OBJECTIVES:

I. Determine the assigned value of composition resistors using a color code chart.

2. Calculate minimum and maximum tolerance limits of resistor ohmic values.

EQUIPMENT: Trainer 5218, DC Resistor

REFERENCES: Student Text, volume I, paragraphs 3-117 through 3-135

CAUTION: OBSERVE BOTH PERSONNEL AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND RINGS.

PROCEDURE: So, you are now ready for a laboratory exercise. Do you remember the state-
ments on safety? Return to KEP -GP -1 and read the section on safety again before pro-
ceeding on this exercise.

I. Place the DC trainer (figure 8) on the bench in front of you.

2. Locate resistors R1 through RU on the trainer.

3. Use the resistors on the trainer and the Color Code Chart, figure 9, to complete figure 10.

15
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LABORATORY EXERCISE 6-1

k

4

.4 .

Figure 8

'1

ti 71;

.

atke
Par...a r

COLOR PART SIGNIFICANT
ELECTRICAL

FIGURES
VALUE

and Number

OF

i
iiuitlpilar

TOLERANCE FAUX= BATE
PER 1000 Bail

let Number
Black Capacitor 0 0 1 *20% L 5%

Brown 1 1 10 * 1% It 1%

Red ... 2 2 100 * 2% P 0.1%
Orange 3 3 1000 ... R 0.01%
Yellow --- 4 4 10000 MI.. 8 0.001%
Green Diode 5 5 100000 .... T 0.0001%
Blue 6 6 mow Ob..

Violet --:, 7 7 10000000 - --
Gray 8 8 .....
White -- 9 9 - --
Gold --- - - 0.1 * 5%
Silver Coil - - 0.01 *10%

Figure 9

559
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LABORATORY EXERCISE 5-1

ANSWERS TO LABORATORY EXERCISE 5-1.

116 lb.

RESISTOR
NUMBER

4

I
COLOR COO!

VALUE
(Ntenertcal)

2
TOLERANCE

MINIMUM AND
MAXIMUM

RESISTANCEi
RI 1,000.n. 950A 1,050 A-

R2 4,700.n. 4,4658w. 4,93511 -

R3 5,1001- 4,845n. 5,3551.

R4 10 ILA. 9.5 1c:0.5 lai
n 22 kn 20.9 kar23,1 kll.

RA 27 k.n. 25.65 kn-213.35 VI.

R7 47 k.n. 44.65 lut-4935 kik.

RS 100 kn. 95 kw105 kn.

R9 220 kit- 209 ktv7.31 k[-
RIO 5,100.0- 4,84511- 5,35516-

R11 10 kit 9,5 kiar10.5 lul.

If you missed ANY questions, review the reference material before you continue.

CONSULT YOUR INSTRUCTOR FOR THE PROGRESS CHECK.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. .-..,

18
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MODULE aziz.clizcx

RESISTANCE. RESISTOR, AND SCHEMATIC SYMBOLS

1. The opposition to current flow is described as ... ..
2. The unit of measurement for resistance is the . and the quantity symbol

is

3. Draw the schematic symbols for the following resistors.

a. Fixed.

b. Tapped.

c. Variable

4. Label each of the resistor pictorials.

a

b

c

d

a

19
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MODULE SELF-CHECK

6. Draw the schematic symbol for a

a. battery.

b. fuse.

c. conductor.

d. lamp.

e. switch.

8. Which battery connection has the greatest output voltage?

c

. . . b.

a do

CONFIRM YOUR ANSWERS ON TEE NEXT EVEN NUMBERED PAGE.

20
563
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MODULE ezz,r.cuscic

ANSWERS TO MODULE BELF.CHECK

I. reatatiume
2. ohm A

3a. ANkr

b.

C.

4a. potentiometer
b. fixed wire
c. carbon
d. elide tap
e. potentiometer

5a. --I1 I 1---L-

b. _r\a--

C.

d.

e.

6. c

RAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE man, YOU CAN ANSWER ALL QUESTIONS
CORRECTLY. IF YOU RAVE, CONSULT YOUR INSTRUCTOR FOR GUIDANCE.

22 *I i GOMM WWI 0110 1971-159/150
LYC 15
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Radar Principles ,Branch
Kessler Air Force Base, Mississippi

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)

MODULE 8

MULTIMETER USES

GP.3AQII3X020-X
KEMP°

1 September 1975

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

Title Page

Overview i
Liz' of Resources 1

Adjunct Cliide 1

Laboratory Exercise 6-1 3
Laboratory Exercise 84 4
Laboratory Exercise 8-3 (Delet. :I) 6
Laboratory Exercise 8-4 7
Module Self-Check 8
Answers 10

OVERVIEW

1. SCOPE: When working with electronic
circuits, it is necessary to measure current,
voltage, and resistance. A single instrument
that can make these measurements is the
multimeter. In this module you will become
familiar with the operation and use of the
A1VPSM-8 Multimeter.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives.

a. From a group of statements concerning
the multimeter, select the one which
identifies the purpose of a

(1) function switch.

(2) range switch.

(3) ohms zero adjust.

b. Given a multimeter, identify the

(1) test leads.

(2) voltage scales.

(3) current scales.

(4) resistance scales.

(5) polarities.

c. Using the multimeter and trainer,
measure resistance, AC voltage, and DC
voltage within ±10 percent accuracy.

AT THIS POINT YOU MAY TAKE THE
MODULE SELF-CHECK OR GO TO
LABORATORY EXERCISE 6-1.

dupersedes Guidance Package KEP-GP-8, 1 July 1974. Previous edition may be used.

I
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LICIT OF RESOURCES If you experience any difficulty, Contact
your instructor.

To satisfy the Objectives of this module,
you may Choose, according to your training,
experience, and preferences, any or all of
the following;

READING MATERIALS:

Digest

adjunct Guide with Student Text

AUDIOVISUALS:

Television Lesson, Voltmeter, TVK30-
1011

Television Lesson, Ammeter, TVK30-1013

Television Lesson, Ohmmeter, TVK30-
101K

LABORATORY EXERCISES:

6-1, Resistance Measurement

6-2, DC Voltage Measurement

6-3, Direct Current Measurement (deleted)

6-4, AC Voltage Measurement

SELECT ONE OF THE RESOURCES AND
BEGIN YOUR STUDY OR TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE.

ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Check your answers against the answers
at the top of the next even numbered page
following the questions.

1

Begin the program,

A. Turn to Student Text Volume I and
read paragraphs 4-1 through 4-22. Return
to this page and answer the following
questions.

1, When the FUNCTION switch is In the
OHMS position, the PSM-6 can be used to

measure ,

2. How many RANGE positions are there
for ohmmeter operation?

a. 7 c. 6-
b. 4 d. 5

3. Never connect the ohmmeter to a/an

circuit.

4. The ohmmeter section of the PSM-6 is

zeroed with the

5. A SHORT is defined as
resistance.

8. An OPEN is defined as
resistance.

7. The OHMS SCALE on the meter is read

from to .

6. The color of the OHMS SCALE is

9. Maximum deflection of the pointer

indicates

568

resistance.
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10. U a resistor measured 50 on the OHMS
SCALE with the RANGE switch in the
0 x 15 position, what would its reading be
on the x 1000 scale?

a. 5 ....._c. 500

b. 50 ......_d. 5000

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS TEXT,

B. Turn to Laboratory Exercise 6-1. The
exercise will increase your proficiency in
the use of the PSM-6 to measure resistance.
Return and continue with this program upon
completion of the laboratory exercise.

C. Turn to Student 1 ext Volume I and
read paragraphs 4-23 through 4-38. Return
to this page and answer the following
questions.

I. When the FUCT1ON switch of the PSI4-6
is in the DC 20101,/V position the multimeter

is set to measure

2. The polarity of the red lead is

3. The polarity of the black lead is

4. When measuring DC voltage there are

ranges available.

5. The color of the DC voltage scale is

6. When measuring an unknown DC voltage,

always begin on the range.

1. Meter damage may result U

8. U the meter pointer moves to the left,

the must be reversed.

9. Voltage measurements are always taken
in (series) (parallel) with the component.

10. U you were going to measure a DC
voltage of 125 volts, what range setting
should you use?

a. 250 c. 1000

b. 500 d. 150

11. When measuring a negative voltage
using ground as a reference, which lead
should be connected to ground?

CONFUtM YOUR ANSWERS IN THE
BACK OF THIS TEXT.

D. Turn to Laboratory Exercise 6-2. This
exercise will increase your proficiency in
the use of the psm- 6 to measure DC voltages.
Return and continue with this program upon
completion of the laboratory exercise.

E. Turn to Student Text Volume I and read
paragraphs 4-39 through 4-57. Return to
this page and answer the following questions.

I. To measure current the FUNCTION

switch must be placed in the

or positions.

2. Current is read on the
scale.

3. To measure current of unknown value,

start with the range.

4. The ammeter is plated in (series)
(parallel) with the circuit component.

5. The black lead is connected to the

voltage is applied. point in the circuit.

2
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6. The red lead is connected to the 3, The color of the AC volts scale is

Point in the circuit.

1. What scale would be the most accurate
to measure 125 milliamperes?

a. 1000

b. 500

c. 250

d. 50

8 U 1,000,000 microamperes equals 1

ampere, how many milliamperes equals 1
ampere?

a. 10

b. 100

c. 1000

d. 10,000

9. Assuming the RANGE switch is in the
1000 position, what would a reading of 4 on
the bottom scale be equaltoinmilliamperes?

a. 400

b. 25--
c. 4

d. 4000

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS TEXT.

F. Deleted.

G. Turn to Student Text Volume I and read
paragraphs 4-58 through 4-59. Return to
this page and answer the following questions.

1. To measure AC voltage the FUNCTION

switch must be placed in the
position.

2. When measuring AC voltage, the polarity
of the teat leads (is) (is not) important.

3
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4 To measure an unknown AC voltage

always begin on the range.

5. Voltage measurements are taken in
(series) (parallel) with the component.

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS TEAT.

IL Turn to Laboratory Exercise 6-4. This
exercise will increase your proficiency in
the use of the PAM -6 to measure AC voltage.

AFTER COMPLETING THE LABORATORY
EXERCISE AND PROGRESS CHECK,
YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 8 -1
RESISTANCE MEASUREMENT

OBJECTIVE:

Use the multimeter (PSM-6) to measure
resistance within ±10 percent accuracy.

EQUIPMENT:

1. PSM-6
2. DC Resistor Trainer, 5531

REFERENCES:

1. Student Text Volume I, paragraphs 4-1
through 4-22

2. Student Handout, KEP 108, pages 1

through 11

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.



PROCEDURES:

1. Place the DC circuits trainer and PSM -8
before you in a convenient position.

2. Use the PSM-6 its outlined in the above
references to measure each resistor.

3. R20

4. R22

5. R28

ohms.

ohms.

ohms.

6, R27

7. R29

ohms.

ohms.

8. R2 Fl

9. R3

10. R5

11. R8

ohms.

ohms.

ohms.

12. R9 ohms.

CONFIRM YOUR ANSWERS WITH THE
INSTRUCTOR.

RETURN TO THE RESOURCE FROM
WHICH YOU CAME AND CONTINUE
WITH THAT PROGRAM.

YOU MAY STUDY ANOTHER RESOURCE,
GO TO LABORATORY EXERCISE 6-2, OR
TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 8 -2
DC VOLTAGE MEASUREMENT

OBJECTIVE:

Use the multimeter (PSM-6) to measure
DC voltage within *10 percent accuracy.

EQUIPMENT:

1. DC Resistor Trainer, 5531
2. DC Power Supply, 4649
3. AN/PSW*6

REFERENCES:

1. Student Text Volume I, paragraphs 4-23
through 4-38

2, Student Handout, KEP-108, pages 1

through 11

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES, REMOVE WATCHES AND
RINGS.

PROCEDURES:

You are now ready for a laboratory
exercise. Do you remember the statements
on safety? Return to KEP-GP-1 and read
the section on safety before proceeding on
this exercise.

1. Locate the required equipment.

2. Preset the power supply to OFF and
turn the VOLTS ADJ fully COUNTERCLOCK-
WISE.

3. On the trainer locate R22, R23, and R24.

4. Use hookup wire and connect the
resistors as shown in figure 2-1.

5. Set the Pad -8 to measure resistance.

(5=TIT 171271--0
REP4-2142

Figure 2-1

4 571
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OHMS
POSITION

FUNCTION

Figure 2-2

6. Connect the PSM -6 as shown in figure
2-2. The total resistance of the three re-

sistors is ohms.

CONFIRM YOUR ANSWERS IN BACK
OF THIS TEXT.

7. Connect the power supply to the resistive
network as shown in figure 2-3.

NOTE: Be sure the control marked VOLT
ADJ is fully COUNTERCLOCKWISE to
prevent an overvoltage condition when power
is applied.

STOP. HAVE THE INSTRUCTOR CHECK
TRAINER AND POWER SUPPLY WIRING
HOOKUP BEFORE THE POWER SUPPLY
IS PLUGGED INTO AN AC OUTLET.

o
+

POWER
SUPPLY

Hi 1

6. Plug the power supply cord into an AC
outlet.

9. Turn the power supply ON and set the
voltage adjust for a reading of 40 on the
power supply meter.

10. Set the PSM-6 to measure DC voltage
by placing the FUNCTION switch to DC V,
20K/V. Set the RANGE switch to 1000.

Ii. Measure and record the DC voltage
across each resistor. Reduce the RANGE
setting of the PSM-6 until the meter is
READABLE. This value should be greater
than the next lower RANGE setting. If
not, again reduce the RANGE setting.

I R22 HOOKUP
WIRE

R23

111 R24

Figure 2-3
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Figure 2 -4

See figure 2-4 for meter connections.

R22 = VDC

R23 = VDC

R24 = VDC

CONFIRM YOUR ANSWERS IN THE BACK
OF THIS TEXT.

12. Turn off the power supply and dis-
connect all hookup wires.

RETURN TO THE RESOURCE FROM
WHICH YOU CAME AND comb=
WITH THAT PROGRAM.

YOU MAY STUDY ANOTHER RESOURCE,
GO TO LABORATORY EXERCISE 6 -4,
OR TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 6-3
DC MEASUREMENT

(DELETED)
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.1.

LABORATORY EXERCISE 6-4
AC VOLTAGE MEASUREMENT

OBJECTIVE:

Use the multimeter (PS116) to measure
AC voltage within *10 percent accuracy.

EQUIPMENT:

1. AC Inductor and Capacitor Trainer, 5967
2. AN /PSM -6

Tergdnals A and B VAC

Tarelnals C and D VAC

Teisdnals A and E VAC

REFERENCES:

1. Student Text, Volume I, paragraphs 4-58
and 4-59. Review paragraphs 4-23 through
4.38, if necessary.

2. Student Handout, KEP-108, pages 1
through 11

CAUTION: OBSERVE BOTH PERSONNEL
AND EQUIPMENT SAFETY RULES AT
ALL TIMES. REMOVE WATCHES AND
RINGS.

PROCEDURES:

1. Locate the required equipment.

2. On the trainer locate the power trans-
former, T101.

3. Connect a hookup wire from terminal
B to terminal D. See figure 4-1.

4. Connect the trainer power cord to an
AC outlet.

5. Set the FUNCTION switch of the PSM -6
to ACV, 1 Kohm/V.

6. Measure the AC voltage between the
terminals indicated.

PRI PRI HV

Li

Figure 4-1

7
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CAUTION: ALWAYS PLACE THE RANGE 7. The OHMS SCALE on the meter reads
SWITCH OF THE PSM.6 TO THE
HIGHEST RANGE BEFORE CONNECTING from to
THE VOLTMETER. THIS WILL PREVENT
DAMAGE TO THE METER. AFTER THE 8. The color of the OHMS scale is
METER IS CONNECTED, REDUCE THE
RANGE SWITCH SETTING TO OBTAIN
A READABLE VALUE.

0. Maximum deflection of the pointer

CONFIRM YOUR ANSWERS IN THE Indicates resistance.
BACK OF THIS TEXT.

10. If a resistor measured 50 on thl,OHMS
scale with the RANGE switch on theS1 x 100

CONSULT YOUR INSTRUCTOR FOR THE position, what would be the scale reading on
PROGRESS CHECK. the x 1000 position of the RANGE switch?

YOU MAY STUDY ANOTHER RESOURCE
OR TAKE THE MODULE SELF-CHECK.

MODULE SELF -CHECK

A. QUESTIONS:

a. 5 c. 500

b. 50 d. 5000

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS TEXT.

1. When the FUNCTION switch Is in the B. QUESTIONS:
OHMS position the PSM-6 can be used to

1. When the FUNCTION switch of the PSM-6
measure is in the DC 20 Kohms/V position, the

2. How many RANGE positions are there multimeter is set to measure
for ohmmeter operation?

a. 7

b. 4

c. 6

d. 5

3. Never connect the ohmmeter to a/an

Circuit.

4. The ohmmeter section of the PSM-6 is

calibrated with the

5. A SHORT is defined as
resistance.

2. The polarity of the red lead is

3. The polarity of the black lead is

4. When measuring DC voltage there are

ranges available.

5. The color of the DC voltage scale is

6. When measuring an unknown DC voltage,
6. An OPEN is defined as
resistance. always begin on the range.

8 t 3
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7. Meter damage may result if
voltage is applied.

7. What scale would be the most accurate
to measure 125 milliamperes?

8. If the meter pointer moves to the left, a, 1000 c. 250

the must be reversed, b, 500 d. 50

O. Voltage measurements are always taken 8. If 1,000,000 microamperes equals 1

in (series) (parallel) with the component, ampere, how many milliamperes equals I
ampere?

10. If you were going to measure a DC
voltage of 125 volts, what range setting
should you use?

a. 250 c. 1000

b. 500 d. 150

11. When measuring a negative voltage using
ground as a reference, which lead should be
connected to ground?

......a. 10._
wpb. 100I...1/0

c. 1000

d. 10,000

O. Assuming the RANGE switch is in the
1000 position, what would a reading of 4 in
the bottom scale be equal to in milliamperes?

a. 400

b. 25

c. 4

d. 4000

CONFIRM YOUR ANSWERS IN THE
BACK OF THIS TEXT. CONFIRM YOUR ANSWERS IN THE

BACK OF THIS TEXT.

C. QUESTION& D. QUESTIONS:

1. To measure AC voltage the FUNCTION
1. To measure current the FUNCTION

switch must be placed in the
switch must be placed in the position.

or positions. 2. When measuring AC voltage, the polarity
of the test leads (is) (is not) important.

2. Current is read on the scale.
3. The color of the AC volts scale is

3. To measure current of unknown value,

start with the range.
4. To measure an unknown AC voltage

4. The ammeter is placed in (series)
(parallel) with the circuit component. always begin on the range.

5. The black lead is connected to the 5. Voltage measurements are taken in
(series) (parallel) with the component.

point in the circuit.

6. The red lead is connected to the CONFIRM YOUR ANSWERS IN THE
BACK OF THIS TEXT.

point in tht circuit.
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ANSWERS TO ADJUNCT GUIDE A:

1. resistance

2. d

3. hot/operational

4. ohms zero adjust

5. zero
t.,

6. infinite

7, right to left

8. green

O. zero

10. a

If you missed ANY questions, review the
material before you continue.

ANSWERS TO ADJUNCT GUIDE C:

I. DC voltage

2. positive

3. negative

4. seven
I.
.:). black
.

(6. 1000

7. excessive

8. leads

!" parallel

"1. a

I li. the positive '

. If you missed ANY questions review the
irncterial bef6re yOu continue.

10

e

ANSWERS TO ADJUNCT GUIDE E:

1. DC MA or 100 microampere SPECIAL
la

2. black

3. 1000

4. series

5. negative

5. positive

7. c

8. c

9. a,

I If you missed ANY questions, review the
material before you continue.

ANSWERS TO ADJUNCT GUIDE G:

I. ACV
2. is not

3. blue

4. 1000

5. parallel

If you- missed ANY questions, review.the
material before you, continue.

ANSWERS TO LAB EXERCISE 6-2:

6. 400 ohms *10 percent

If you missed the question, ask the
instructor for assistance.

11. R22 = 9 to 11 VDC
R23 = 9 to 11 VDC
R24 45 18 to 22 VDC

If you missed the question,
instructor for assistance. .

ask your

....I
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ANSWERS. TO LAD EXERCISE 8 -3:
(DELETED)

ANSWERS TO LAD EXERCISE 6-4:

The results of the voltage measurements
should be within *10 percent of the following:

Terminals A and 8

Terminals C and D

Terminals A and E

5.4 VAC

3.2 VAC

8.8 VAC

If you missed any questions,4 ask your
instructor for assistance. .

Disconnect all equipment.
I

ANSWERS TO MODULE SELF - CHECK A:

I. resistance

2. d

3. hot/operational

4. ohms zero adjust

5. zero

6. infinite

1, right to left

8. green

1C zero

10. a

d

10.

ANSWERS TO MODULE SELF -CHECK 8:

I. DC voltage

2. positive

3. negative

4. seven

5. black

6. 1000

7. excessive

,8. leads

9. parallel

10. a

11. the positive

ANSWERS TO MODULE SELF-CHECK C:
lb

1. DC mA or 100 microampere SPECIAL

2. black

3. 1000

4. series

5. negative

8. positive

7. c

8. c

9. a
42.

11
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...

ANSWERS TO MODULE SELF.CHECK D:

I. AC V

2. is not

3. blue

r

4. 1000

S. parallel

st 7

.

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR IN-
STRUCTOR FOR FURTHER GUIDANCE.

el
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Basic and Applied Electronics Department Programmed Text 3AQR3X020-X
Kessler Air Force Dade, Nieelasippi KEP4T-7

1 Jam 1975

This illustrated Programmed TeXt is designed tolitin the study
of Series Resistive Circuits. Each page contains an important idea or
concept to be understood proceeding to the next. An illustration
for each objective is presented to clarify what is to be learned.

At the bottom of each page, there are a few questions to bring out
the main points. These are indicated by....
It is hoped that theist questions also aid (1-1 or Q-2 etc..
In understanding the subject a Attie better.

be found on the Smof *The answers CO Chess questions will
following page, indicated as
Short comments may follow the
answers to help understand why
a question may have been missed.

.

INDEX,

Introducti... 1

Circuit Requirements 1

Construction 6 Schematic 3

Hydraulic Analogy 4

Measuring Current 7

Summary 7

Ohm's Law 8

Calculating Curient 8

Calculating Pesistance 9
Calculating Voltage 10
Practice Problems 11

Solving in Milli-Amps '13

Summary 14

Series Circuits 15

Hydraulic Analogy 16

Total Resistance 17

Applied Voltage.. 19
Total Currant 19

Practice Problems 23
Voltage Drop* 24

Kirchoff's Law 26

Using Voltage Drops 28
Practice Problems 30
Electrical Power 31

Total Power 34
Power Rating 36
Practice Problems 37

Summary 43

.

A-1 or A-2 etc..

.1.

OBJECTIVES_

Upon completion of this module,
you should be able to satisfy,
the following objectives:

a. Given four diagrams,
select the one which
satisfies the require-
ments for a DC circuit.

b. from a group of state-
ments, select the one
that d tribes Ohm's
Law as elated to
current voltage, and
resist e.

c. Given a tries circuit
schematic diagram and _ .

formulas, solve for:

(1) total

(2) totel

(3) total

resistance.

current.

power.
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INTRODUCTION

What is a radio/ It'is a group of electronic parts, connected
together in,0 certain way. Connect them together another way, and
a Stereo Amplifier can result. These same parts, wired together in
a different manner will make a Walkie-Talkie.

All electronic equipment is simply; the right kind of parts,
connected together the right way. Disassemble a Radar System, and
re-connect the parts into e Television transmitter and receiver.. An
Airborne Navigation System uses many of the some parts as anElectron-
ic Calculator. FM Stereo radios, and Ground Radio receivers, use the
same parts. It's the way the parts are connected that "counts".

There arc several fundamental methods of interconnecting the
parts. One of them is celled...."connecting them Series". It is
the "basic', method, and is used as the starting-point in most Elec%
tronic courses, This text involves such "Series Circuits". .

There are three principle factors within all electric circuits.
these are: Voltage, Current, and Resistance. They will be reviewed.,
and expanded upon. A new subject, "electrical power" is' introduced.

Series Circuits, and the calculations involved in them, are the
"foundation". Your understanding of these circuits is important.

ELECTRIC CIRCUIT REQUIREMENTS

All. electrical circuits, to be useful, must have the following

basic parts:

2. Electrical conductors (wires)

3, A current "controlling" device (resistor)

-,SOURCES OF ELECTRICAL POWER ,

BATTERIES
elK---=1;\

PIEZOELECTRIC CRYSTALS

AM.S.

GENERATORS

RMOCOUPLES

Q-1 a. The three requirements for a practical electrical circuit
are: A source of power, conductors, and a
controlling device.

b T-F "Continuity" is_NOT necessary.

1
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ELECTRICAL CONDUCTORS

The most common typo of electrical conductor is copper wire.

Many different types of wire are used, depending on the requirements

of the circuit.

Oat COPPER

PLAS IC INSULATION

////
TWIN LEAD

MULTD.00 CTOR

//
CURRENT CONTROLLING DEVICES

Resistors are the most often used "current controlling" device.

Along with resistors, many other electronic components are used for

this
.
purpose,

Other*"current controlling" devices such ass transistors, tubes,

capacitors, inductors, (and many more), will be covered later on in

training. For now, only the resistor will be-discussed.

Q-2 a. The most common conductor material is

ir--

wire.

b. T-F Resistors ire-the only "current controlling devices".

2
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It

[A-1 a. current controlling device.
b. False..."continuity" means...a complete circuit, hdoked.up.

"BASIC CIRCUIT CONSTRUCTION

A simple electrical circuit can now be constructed, to meet the

three requirements.

ELECTRICAL
POWER
SOURCE

(

ELECTRICAL CONDUCTORS

-1111

CURRENT
NTROLLING
DEVICE

;CHEMATIk DIAGRAM

The "schematic diagram", using schematic symbolss shown below.

ELECTRICAL ,CURRENT

POWER ELECTRICAL CONDUCTORS CONTROLLING
SOURCE r G DEVICE r°t,-

ELECTRICAL CURRENT FLOW -

The movement of electrons (current) thru the circuit, would. be iv&

the "negative" terminal of the battery (the short line), around thru the

resistor, and back into thet"positive" terminal of the:battery (the long

line). Thus it Is said that, "current flows from negative to positive".

BATTERY

CURRENT

CURRENT

RESISTOR

Q-3 a. The three requirements for a practical. electrical circuit-are:
A source of power, conductors, and a current device.

Eledtrical current flows from to

3
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A-2 44 copper sometimes alumina !.'used for light weight.
b. Palse....transistors, tubes etc. also ;control current. :

HYDRAULIC ANALOGY

The study of the movement of liquids is called "Hydraulics".

It may be of some help at this time, to see the similarity between

"control of the.flow of electrons", and "control of the flow of water".

Consider the battery as a water "pump", and the resistor as a water

"valve.

-:=BATTERY
PTT

RESISTOR

Another important part of the hydraulic systemisa water "meter",

used to measure the flow of'water. In, the 'electric circuit, this part

is an "ampere-meter" (ammeter), used to measure the flow of electrons.

THE ELECTRIC CIRCUIT
THE HYDRAULIC CIRCUIT.

PILLED WITH WATER

.1

BATTERY.
VARIABLE
RESISTOR

MISTER
es

VALVE

WATER,
NETER

The battery "pressure"
(voltage), forces elec-
trons to flow _Scurrent)
thru the "opposition",
(resistance) of the
-resistor.

The pump "pressure".
forces water to flow

thru the opposition
of the valve.

LLe4e=mri

Q-a. A valve controls the flow of water, like a
controls the flow of electrons. ...

b. A resistor the flow of electrons.

4'
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A-3 n. controlling.
11, negative to positive;'

.1MYDRAULIr ANALOGY (cont)

In the hydraulic circuit, the same water is forced °around-4nd..

around" thru the system. In the electric circuit, the same electrons

are forced NaroUnd.and«AroUndo thru the circuit..

!ACTORS AFFECTING WATER FLOW

1. Water pump pressure.

2. Opposition (setting)
of the valve.

1:: BATTERY
VARIABLE
RESISTOR

AMMETER

0
Increasing the pump pressure,
will force wore gallons-per-
minute thru the valve. and the
watereteter will read hither.

l

Reducing the opposition of the
valve (opening the valve more),
will allow more gallons-per-
minute to flow_arround thru the
system, and the water meter will
read higher.

Reducing the pump pressure.
reduces the flow of water thru
the system.

Increasing the opposition of
the valve (tightening it down),
reduces'the.flow of water thru
the system.

FACTORS AFFECTING ELECTRON FLOW

1. Battery pressure (voltige).

2. Opposition (resistance) of
the resistor.

Increasing the battery pressure
MO(more voltage), will force more
coulombs per second (current)
thru the resistor, and the
ammeter will read higher.

Reducing the opposition orthe
resistor (less ohms)_, will allow
more coulombs-per-second to flow
around thru the circuit, and
the ammeter will read higher.
(One ampere ilk 1 coulomb-per-sec)

.,

11*
Reducing the battery voltage,
reduces the flow of electrons
(current) thru the circuit.

.

increasing the opposition of
the resistor (more ohms),
reduces the flow of electrons
thru the circuit.

I

q-5 a. If the opposition of the
current thru the circuit

resistor is reduced, the flow of

will (inc or dec).

, 586
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ti

1A-4
a. resistor b. controls, limits, iegulates, etc..

HYDRAULIC AVALOCX.(caatWIA

In the hydraulic circulto.the,amount of water "allowed" to flow,

depends upon the setting of the' valve. The valve regulates or centrals

the amount of water flowing to the desired level.

In the electric circuit, a resistor of the proper. opposition

(ohms) is chosen, to limit, regulate, or control the.flow of electroial

to the desired number of amperes.

FILLED WITH WATER 1

VALVE

WATER
METER

Changingythe pump pressure. has
NO effe.E On the setting of the
valve.

4 Changing the opposition of the
valve, has NO effect on the pump
pressure.

Changing the pump pressure, or
the opposition of, the valve,
WILL'thange the amount of water
flowing thru the system.

'1=1' BATTERY VARIABLE
RESISTOR

. .

,. - t

Changing to a different battery
. . .

IIII0 has'NO.effect on the opposition,
(ohms) of the resistor.

. .

11110Changing the opposition (ohms)

0 of the resistor, has NO effect
on the battery voltage.

Changing the battery voltage,

111110°

ar. the opposition f(ohms) b the
'resistor. WILL change the amount
of electrons flawing thru the
circuit.

0-6 Answer the following with: increase, decrease; or remain the

a. If resistance increases, the current will .

b, If voltage increases, the. current will
c. If current increased, the resistance must have
d. If current decreased, the voltage must have
e. If resistance increases, the voltage will
f. If voltage decreases, the resistance will
g. If resistance decreases, cuigent will

h. If voltage incresses, the resistance will
1

6
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A-5
a. increase.... reducing the opposition of the valve allows more

water to flow thru,the system. Reducing the opposition to the
flow of electrons, allows more current, to flpw.

MEASURING CURREN!

It is important at this point, to understand that 'the amount of

current flowing can be measured at any point in the circuit, and the

readings will be the same.

AMMETERS

VARIABLE
BATTERY

RESIST()

RSAMISTE

All of the water meters ins the
hydraulic system_will have the
same reading, because they are
all measuring.themawater
flowing thru them.

HYDRAULIC ANALOGY SUMMARY

ELECTRIC CIRCUIT SUMMARY

All of the ammeters in the
electric circuit will have the
same reading, because they are
all measuring the same electrons
flowing thru them.

The principle function of a valvein a
hydraulic system, is to control the flow
of water thruthe system. The flow ,of
water can be measured at anyi)oint in
the system. The force required to cause
water to move, is provided.by the pump.
Although changes in pump pressure will
affect the flow, it is the valve that
determines how much water will actually
be "allowed' to flow.

The principle function of a resistor in an
electric circuit, is to control the flow
of electrons thru the system..The flow of
electrons can be measured at any point_in
the circuit. The force required to cause
the electrons to move, is provided by the
battery. Although changes in battery volt-
age affect the flow, it is the resistor
that determines how many electrons will
actually be "allowed" to flow.

7
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116

I. remain the same...but there,will be leas current flowing.
,e. remain the same...but there will be less current 'flowing.

b. increase....there is more force (voltage).
a. decrease....there is more opposition.

c. deereased...essuming the voltage remained the same.
d, decreased...assuming the resistance remained the same.

g. increase....because there is*lesuropposition.
h, remain the same....but there will be more current flowing.

OHMS LAW

-The'function ore' resietor, contr the amount-of current

flowing thru an electric circuit. The actual amount of current, in

amperes, can be calculated, using "OHMS LASP.

OfimaZur

Ack

The current in any electric circuit is
directly proportional to voltage, and
inversely proportional to resistance..

If voltage increases, the current will
increase. If resistance-increases, the .

current will decrease:.

es44,,
CURRENT

VOLTAGE

RESISTANCE

EXAMPLES- Calculate the amount of 'current allowed to flow in the
following eleCtric

1:: 8 VOLTS .4 0

0

E 8 VOLTS

R 4 OtRiS

= ===. 2 AMPERES

Q-7 Solve for the amount of current flowing itOhe circuits below.

(s).

583

.4" 79



RESISTANCE CALCULATION

The opposition (ohms) of a resistor can be calculated, if the

battery VOLTAGE, and the circuit CURRENT are known.

VOLTAGE

CURRENT
RESISTANCE

EXAMPLE: Calculate the opposition (ohms) of the resistor, which is
limiting electron flow to 2 AMPERES.

10 VOLTS

I

NOTE 1....lf the opposition of the resistor
the electron flow would NOT be as

NOTE 2....If the opposition of the resistor
the current allowed to flow would
2 AMPERES.

5.0HMS
2 AMPS

was greater than S OHMS,
much as 2 AMPERES.

was less than ,5 OHMS,
havebeen greater than

NOTE 3....Given a 10 VOLT battery, and a desired current of 2 AMPERES,
The only resistor that can be,used, is one havingsai opposi
tion of 5 OICIS.

Q -8 Solve for the opposition of the resistors in the following
circuits.

(a) (b) (c)

;

9
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A-7
a. 4 AMPS, b. 2 AMPERES O. 9A

VOLTAGE CALCULATION,

The VOLTAGE of a battery can be calculated, if the opposition

(ohms) of the resistor, and the circuit CURRENT are known.

VOLTAGE. Is CURRENT RESISTANCE

EXAMPLE: Calculate the battery VOLTAGE necessary to force an electron
flow of 2 AMPERES thru a 4 OHM resistor.

ommlik
me E ? 4 01045

-E I .R

2A 44

S VOLTS

,mmaldf

Q -9 Calculate the battery VOLTAGE in the following circuits.

THE OHMS LAW TRIANGLE

The 3 equations for RESISTANCE, CURRENT, and VOLTAGE can be formed

into a "triangle". The equation-for "current" I

The equation for "resistance" R

"voltage" E

and the "Ohms Law Triangle" provides .a ready reference for the proper

formula.

1:k

The equation for

These 3 equations will be used constantly,

10 581
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A.s
I. 3 oats b, 241.

CIRCUIT CALCULATIONS

When solving the following circuit problemstaceadetermine what

is the question (E, Y, or R).* Then select the proper equation from

the "Ohms Law Triangle", and 'solve,

41-10 a, Solve for CURRENT.

18v

fOrRESISTANCE.

b. Solve for VOLTAGE.

d. Solve for CURRENT:

=60v

Watch the "decimal point" in the-following circuits,

equation doWn; and be careful to enter the:right values.

Q -11 (i) (b)

Put the



A=9
,a. 18 VOLTS 'b..60V c. 48V

KILO -OHMS and MILLI-AMPERES

- Most "electronic" circuits operate do smaller amounts of current

than Chefull AMPERE. Transistors and tubes function on the much,

smaller .)milli-impere" (Symbol mA ). One milli-ampere is only one-

thousandth of a full AMPERE.

.001
.005A - .005

ampere

.009A .009 ampere -

.01 A .01

.018A m .018

ampere

:
.094A = .094 ampere -
.1 A ' .1
.102A
.158A .158

.64 A - -.64

.954A .954

full

ampere - 102 milli-amperes 102M
ampere = 100 milli-amperes = 100mA

ampere

ampere = 158 milli-amperes = 158mA
ampeie - 640 milli-amperes 640mA

LA

ampere 954 milli-amperes = 954mA

10'milli-amperes = 10mA

94 milli-amperes 7,- 94mA,
18 milli-amperes = 18mA

1 milli-ampere 7 bak
5 milli-amperes 17 5mA
9 milli-amperes 9mA

1000milli-amperes = 1000MA

To limit the circuit current to these smaller milli-ampere

amounts, resistors with large opposition are used. These resistors

are rated in KILO-OHMS. 1 KILO-OHMS-equals 1000 OHMS.

500 ,000 A - soain.
400,00011 - ocikr,
350 ,000 It= 350kn.
Roo ,000 n . lookn

.00licn -

.002icn .

.009kix .

.01 kit

i n
211
9n

1011
95,00011 = 95k11 .012k11.7, 12 A
2?,000 A = 22k11
8,000 A 7 8kn

.05 kei 7,

.068k11
5011
68 A

6,500 11 - 6 .skr, .099kn... 99 A.

5,000 .1A7, 5.0kt1 .1 k.n. 100A
4,230.Am 4.23k t1 .2 kr.. SO 20011
2,3501.= 2.35k11 .35 tel. 35011
1,2004117 1.2k 11. , .685kII. 685 11

1,1501 .- idskr, .952k.A.7, 952n
1,060.11 a 1.06k ri. 1.0 kJ-S.71000.A.

4 .

Q-12 a. .002 amperes is the same as milli-amperes.

b. .15 ampere is the same as milli-amperes.
/

c. 250 milli-amperes is the same as ampere.

d. 25 milli-amperes is the same as ampere.

e.1.3kSI. is the same as' ohms:

f. .021c1t. 1s.the.same as ohms.

12 593
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A-10 a. 3A b. 16V c. 44. d. 3A

IA-11 a. .23A b. 1.3V C. d.. .03A

PROBLEM SOLVING IN MILLI-AMPERES

When solving electronic circuit problems involving kilo-ohms,

the answers for current will automatically come-out in milli-amperes.

EXAMPLE: E 10V R 21a I m ?.

When solving circuit problems involving milli-amperes, the

answers for resistance will automatically come-out in kilo-ohms.

EXAMPLE: E 12V I 4stA

When solving circuits with current in'milli-amperes, and

resistance in kilo-ohms, the =1=11111 come-out in unit VOLTS.

v

EXAMPLE: I SmA R 411X. E ? I R NO 41141. 20V

Q-13 Solve the following electronic circuits.,

,(a) (b)

13
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A12
a. 2 milli - amperes d. ,025 ampere
b. 150 milli-amperes e. 1,300 ohms
c. .25 ampere f. 20'ohms

OHMS LAW SUMMARY

The basic electrical circuit consists of

1. A source of power (battery)
2. Conductors (wire)
3. Current controlling device. (resistor)

Different.types of resistors-are used ..C1 f% IlL
to control the amount of current.

11111'4)0 0400,00* 011
)The level of- voltage from the
battery will also affect the
amount of electron flow.

Electron flow (current) is from the
" negative" terminal of the battery,
thru the controllingdevice, and back
into the "positive" terminal.

Increasing the hattery,yoltage will.
increase the electron flow.

---4/1/1/111/1/111/1/1/11

a

^ANNA/VOA"
Reducing the opposition
of the resistor, will
allow more electron flow.

The electron flow (current)
can be measured at any point
in the electric circuit.

If the battery voltage,and the opposition of the
resistor are known, the current can be calculated.

If the battery voltage, and the
electron flow are known, the
opposition of the resistor
cane calculated.

e voltage of any battery can be determined by
multiplying current times resistance.'.-_

When the resistance values are givenin
kilo-ohms, the electron flow will be in Kmilli-amperes. n.

.

.n.V A
Ability to convert between milli, l

11(:

.

kilo, and units, is important to
f/Trt 'simplify Circuit calculations.

14 590



A-13 ' a. S milli- amperes (5mA)

b. 8 Kilo-ohms (!k Q)
c. 120 volts (120V)

d. 1.52 volts (1.52V)
e. .21446(200A)
.f. .6mA (.0006A)

SERIES RESISTIVE CIRCUITS

The connection of electri4a1 components "end-to.and"'is called,

"connecting them in mar.
The connection of these

same components "side-by-side",

is. called, "connecting them in PARALLEL.

Only the SERIES connection' will be

discussed at this time. Parallel circeita will come later.

SERIES RESISTIVE CIRCUIT . SCHEMATIC,

No matter which way current is flowing, the resistors are usually

numberedJai a "clockwise", direction as R1, R2, R3 etc.. Before going

-- any furthur, it might_ba best to study the "hydraulic analogy".

HYDRAULIC AN*AEX
The.important thing, to
observe here,'is that
each valve will have
some effect on the flow
of water thru the entire
system.

Stay here a minute, and
try to imagine actually
adjusting each valve.
What are the effects on
the water meter reading?

Q-14 a. "End-to-end" connection; is'called a

b. "Side-by-side" connection, is called a

connection.

connection.

15



HYDRAULIC ANAL* (cone)

Suppose the flow of water is to be restricted to.3 gallons per

minute. Are three separate valves required? The answer is NO!

The three valves could bereplaced with one valve, opened enough

to allow 3 gallons per minute to flow thru it.

4

ELECTRIC CIRCUIT

Suppose Abe flow of electrons is to be limited to 3 amperes.

Are three separate resistors required? ,,.....The answer is NO!

The three resistors could be replaced with one resistor, having

enough opposition (ohms) to restrict current to 3 amperes.

WHY USE THREE RESISTORS, INSTEAD OF ONE?

0.0., SAME RESULT
omm.

Series circuits, with more than one resistor, are capable of

providing many different "voltages" from one battery source. These

voltages can then be used to operate other parts of complex elect-

conic AIrcuits. How this is done, will be covered later in the text,

Q-15 a.-Water is controlled by the "number" of valves in-the
syatem. (True or *else be careful!)

b.Current is controlled by the "number" of resistors in the
-circuit. (True or False again, think!)

16
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A -14

"series" b. "parallel"

SERIES CIRCUIT TOTAL RESISTANCE

The "Mil oppoaition" to the flow of current, is called

TOTAL RESISTANCE (Symbol *Rd. It is the 'le of all the individual

resistances. .It is the oup rester that can be used in place of the

separate resistors,' Current is line by the TOTAL RESISTANCE (R0,-

14

R

In equation form this would be

NOTE: If the laistances are given in kilo-ohms, "drop" the K, add
the numbers, and put K back on the answer,

EXAMPLE: Calculate the Total Resistance (RC) of this circuit.

R

I

Q -16 Calculate the Total Resistance (14) of these circuits.

(b)
(a) .(c)

17
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A15 a. Palse...the flew is not controlled by the "number" of
valves. It is controlled by the "settings" of the valves,

b. lelse...one resistor can "control" the same as fiie.

TOTAL RESISTANCE (cone) 1.4

The-ability to rapidly and easily convert resistance values in

ohms and kilo-ohms is important. It simplifies circuit Calculations,

and results in a higher level of accuracy.

A
Ohe following circuits, have resistances in ohms and kilo-ohms

mixed-up. Solve for total resistance (Rt), by converting all,the

resistor values to tither ohms, dakilo-ohms, ammidge Provide the

answers both ways (ohms jult kilo- ohms).

amLE: Solve for Total

R Rt

,35k1.

Resistance (Re) in ohms and kilo-ohms.

.2t11. 20011
10041 100.A:

.35k/Ci, 35011

I00#1. R2 'Rt RI + R2 + R3

200 + 100 + 350

65011...65k1LR3

18



c, 600.n.
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0

reP

A-16
a. 50.m. 131(n.

THE APPLIED VOLTAGE

As the battery is the source of power "applied" to the circuit,

it will now take -on a new name the/04141ED VOLTAGE (Symbol Ea).

Soon, there will be other "voltagei" within the series circuit,

end the "Applied Voltage" (Ea) must be kept separate from them.

MINS

elig1M041111110

BATTERY
VOLTAGE (Ea)

THE T6TAL*CURRENT

Until now, the electron flow thru the circuit was,referred,to as

simply the "current (I)"., It will now take-on a new,name the
J

TOTAL'CURRENT.(Symbol.It). Often in electronic circuits, there is

more than one "current" flowing, and these must be kept' separate from

the Total Current (It). Only the Total Current (It) flows out of, and

back into the'battery.
TOTAL CURRENT

MVO THE BATTERY:

THE TOTAL RESISTANCE (Review)

The total opposition to the flow of electricalcurrent is called

the TOTAL RESISTANCE (Rt). It limits, the amount of electron flow, out

of, and pack into the battery. It controls Total Current (It).

Q-18 e. The voltage produced by any_power source is refetred'tad
the voltage.

b. The total opposition to the flow of electrons,'is called
resistance.

19
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A-17

LL "
380n. (.3eicAr

b. 1,0204. (1.02 FA)
c.. 420" (.42W L)

d. 2.900" (2.91M)
e. 3,100ai (3.1k")
t. 714s. (.0711140

CALCULATING TOTAL CURRENT (It)

Following the calculation for Total Resistance (Rt), the amount

of Total Current (It) flowing is determined using Ohms Ldw.,

mm

EA 7:r 24V
/11110

IN%

.R1 + A? 4 R3

4 + 6 +

= 12kri;

Q -19- Calculate the Total. Current (It) in the following circuits.
Give answers both in Amperes and milli - amperes.

(a) (b)
(c) 15041.

(4)
(f)

20
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A18 a. applied voltage it i the electromotive force,
applied to the,circuit, and it will force electrons to
flow thru the circuit.

b. total resistance (It)....the total opposition.

MEASURING TOTAL-CURRENT (It)

Although the Total Curront (It) is"described as: "the current

flowing out of, and back into the battery", it can be measured atm.

jam in a Seriea Circuit. No matter where theeurrant is measured,

the reading. will albs the same. Observe the "hydraulic analogy"...

The amount of water
"moving" is the same
at any point in the
system. Therefore
the "flow" can be

measured anywhere.

THE ELECTRIC CIRCUIT

the flow of electrons thru a Seriea Circuit, can be measured

at any point, An ampere-meter reading, anywhere in the circuit,je

a measurement of the Total Current (It). This is NOT true of all
.

electronic circuits, but it IS an important point in Series Circuits.

WO It
The flow of current

/can be measured at any 11
point in the circuit.

The. amount of electrons
"moving", is the same it
any point in the circuit.

Therefore, the "flow" can
be measured anywhere.

Q-20 a, The current flowing out -of, and back -into the battery is
called the current.

. b. T-17 The amount of total current flowing, can be 'leisured
at only ONE point.

c. Would it be possible forevo ammeters in a Series Circuit

. to have different readings? (Yes -No)

21 -
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A-19
a. 2a (.0024)
U. 4mA (.004)
c. .SA (500114)"

d. 4.A (.004A)
e. (.006A)
f. .5.A (.0003A)

CALCULATING TOTAL RESISTANCE

If the,Aiplied!Voitsge (Ea) and the Total Current (it) are known,
.1,

the Total Resistance.(Rt) cat( be determined using Ohms Law: It is NOT

necessary to know the resistance of each resistor.

EX Determine the Total Resistance (Rt) and RI.

114

Ea 'e18V Rt lin.

Ea 18V
glimm Rt 0-0 .0 f4t.n.

I It 3mA

CALCULATING.THE APPLIED VOLTAGE

Since the Total Resistance
(Rt), 6kci, then by sub-
traction, kmusahe 3101..

If the.Total Resistance (Rt), and the total Current (It) are- .

known, the Applied Voltage (Ea) cab be determined using Ohms Law.

It Ea -It ' at

2M q9c.,ts.

.24V

Q-21 Solve for the indicated alseingvoltigl,or resistance.,

(a) . (b)

1

0

1

4.

O

22.

e ;
tw
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A-20 a. total currant (tt)
Mt Velesernit can be nsepured it any number of points.
n, No....if two annetere,have different readings, one of the

meters le broken.

PRACTICE PROBLEMS,

Test your skirls imleritte.Circuits With the problems which
. ,

follow. The first seep'is to make aura of the "question"., Then form
4

a "plan of stuck" toward the solution..

1=.
Q722 .Solve. as inAidated:

4areful of the decimal point in the following problems.

-M.
t,

23
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A,21

a. 5k (14 S kel.) b. 50V (at mo 10A) c. 9k (Rt se 20

VOLTAGE DROPS

If the two leads of a voltmeter are placed on opposite sides of a

resistor (in an operating Series Circuit), the meter will indicate a

particular "voltage" reading. This voltage reading is referred. to as

the resistois "voltage drop".

To better see this, refer to the "hydraulic analogy" for a moment.

WATER FLOW This is one of the valves,
in a complete %ter system.

Due to the valve there is a "pressure drop; which can be measured.

by connecting a spressure meter" scrods..he valve.

PRESSURE METER

0 WATER FLOW

AA small amount-of the
water is forced to flow
thru the "pressure *meter".

"The read,ingon the pressure meter is determined by how much Ulster

is fo rced to flow thru it. This of course, depends upon the Ian of

the "oncoming water", and the-opposition (setting) of the valve;

PRESSURE DROP. ....ADDITION

If-the "pressure dropi" across jai of the valves in the system

are added together, the answer will be equal to the pump pressure.

Q-23 a. The voltage measured across a resistor (in an operating
circuit), is called a voltage

b.
must

To measure a "voltage drop", the lea voltmeter
musi be placed on the sane side of the resistor. .

c. In a hydraulic system, if all the "pressure drops" are
added together, the answer is equal to the pressure.

Ma.

24
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A -22 a. 2A d. 50CLA (RtoVIC ) ,g. 450n. Otte 7k)

b. 21V st. 5.4, h. .146V

c 31f....LL...--tiE-t-JVi 1." It "5

RESISTOR VOLTAGE DROP,

The voltage measured across a resistor (by a voltmeter),, is called

.. that resistor's "voltage drop".

Assume the flow of electrons thru a resistor..

-.ELECTRON FLOW

Across-the-resistor there is a "voltage drop ",

This is one of the
resistors, in an
operating Series
-Circuit;

which can be measured by connecting a "voltmeter" in parillel with theCr
resistor.

ELECTRON FLOW

VOLTMETER
A'small amount of the

electron flow is forced
thru the voltmeter.

The reading onehe voltmeter ls'determiped by how much, of the

electron flow is forced thru it, This of course, depend& upon the

force of the "oncoming electron flow", andl* oppositfori of the resistor.

'VOLTMETERS
A voltmeter is a "high resistance device":

It requires only a very small.flow of

electrons (thru it), to produce a reading.

Most of the time, this, small electron flow

is only a few "micro-amperes", and it does

NOT "upset" the actual circuit current.

Q-24 a. 2I-F To measure a voltage drop, the voltmeter is placed in
"series" with the resistor.

b. T-IP A voltmeter is a high resistance device.
c. If the current thru a resistor becomes greater, the voltage

drop created across it will Inc or dec).

25
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A -23 a. drop .

b. false....the two leads of the voltmeter most bi placed
on "opposite" sides of the resistor. Both leads on the
same side, would give a "zero" reading.'

c. sums oresedre.

CALCULATING VOLTAGE DROPS

The-voltage drops across.each

resistor in a Serils.Circuit arecT.

labeled ER1, ER2, ER3 etc..

The amount. of voltage drop

across each-reiistor, can be-cal-

culated using Ohms Law.

E I R

In a Series Circuit, there is -only ONE current, the Total

Cdrrent (It). Therefore the current thru R1(/R1), the current thru-

R2 (IR2),.and the current thru R3 (IR3), are all.the same, and equal

to whatever the Total Current (It) actually is.

KIRCHOPP'S VOLTAGE LAW

..

One of the mostimportant electric laws, is Kirchoff's Voltage
.

Law. It states (in effect): All of_the voltage drops added together

will equal the battery,voltage.

KIRCHOFF'S VOLTAGE LAW

+ ER2 + ER3 etc.

a

445 a. T-F A voltage drop, is created whenever current flows thru
a resistor..

lb. T-F Kirchoff's Law is the same as Ohils'Law.

26
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A24 a. Falsa....the meter must bi placed in "parallel" with the
resistor. Inieseries" the high resistance of the voltmeter
would stop, the flow of currant.

b. True....the "higher", the "better".
c. True....Aue to the greater force of the electron flow.

CALCULATING VOLTAGE DROPS (cont)

To calculate'the Icoilecu across each resistor,, multiply

the circuit SaaMS (It) Mau *the resistance (ohms) of each resistor. .

EXAMPLEt, Determine the voltage drop across each resistor.

Ea

(I) Calculate the Total Aesistance (Rt)

Rt a R1
4'. R2 R3

4106 2keu

= 121m.

(2) Calculate the Total.Current (It)

Ea 24V
it www IP Irm 2mA

..Rt.

O;Multiply the current, times
each resistor.

2mA 4k4.=-8V

- 2mA :art.= 12V

= Zak Z 4V

OUse Kirchoff's Voltage Law,
"to "check" the work.

. ,

ER2 + ER3

12ir

Ea =

8V

24V = Battery Voltage
1111111MM4=1.10

(1-26' Calculate each resistor voltage drop, in the circuits below.

R3

27
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A25 S. True.....and these voltage drops are very useful.
b. False....Ohes Law deals with the flow of current.

Kirchoff's Law deals with "the sum-of the voltage drops".

USE OF VOLTAGE DROPS

The "voltage drop" appearing acrosa'anY resistor, will create

the same effects as the voltage from a battery. 'As100V " voltage drop"

the acme electrical "shock" as 100 volt battery.
.

will produce

DANGER!!!
400,00/100 VOLTS, 100 VOLTS

.011

The voltage drot across 'a resistor canbe used to operate a

. .

.transistor radii); in place of the regular battery.

'pó NOT DAMAGE YOUR RADIO!!!

Some other specialcircuit
considerations must be met
before substituting a volt-
age drop in place of the
.normal battery required:

The "voltage drops" obtained across resistors are used to provide

the "operating voltages" for other-electrical components.

Q-27 Calculate each resistor voltage drop. in the circuits below.
RI

(a) 4kn.

21V

blot

(b) 64.

30V Let R

3.n.

R3 R3

28 .
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A26
a. Egi 4V

Eg2" 2V .

EA3 EP 6V

b. ER' liV

ER2 10V
ER3 23V

c. 'ER, 30V,'

gR2
12V

Eg3 18V

COMBINING VOLTAGE DROPS

The voltage drops across two.or moreseparate resistors, can be

combined together to formadditional voltage variations. EXAMPLE:.

D Ceimm
1-Criwel rCrWeirWI IWO

All these
voltages
can be
obtained
with ONE

,9V

battery,
-and -fout

resistors
connected
in Series.

USING KIRCHOVF'S LAW

"The sum of the voltage drops equals the applied voltage (Ea)".

If one-ne Of. the resistor voltage drops is not indicated, it may be deter-

mined thru "subtraction".

EXAMPLE: What is.the voltage drop across R24

Ea= 10y.

All the voltage drops
added together, must
equal the battery.

The voltige drop, for
R2, must therefore be
equal to SV.

Q28 a. T-P The voltage dropped across a resistor, .can-be calculat-
ed using Kirchoff's Law.

b. Kirchoff's Law. states: "The sus of the voltagesdrops,..
equals the voltage".

c. T-P Two voltage drops can be combined together, to'form
a third "usable" voltage.

d. T-P If the current flowing thru a resistor increases, the;
wol.tale 41:09 Aurass-It 1.4114.mvems_

29



A-27 a. ey
El2

4V

ER3 12V

b. ER1 18V

112 811 31
813 9V

c.
R1

.1V

ER2 0! .3V

ER3 1.6V

PRACTICE 'PROBLEMS

Test your skills in Series Circuits with the problems which

follow. The !trot step is to make sure of the "question". Then foiM

a "plan.of attack" toward the solution.

Q-29 Solve as indicated.

(d) 2ke.

4011

O
R2

31"
5 kn.

(e) ,01.111
.514s.

2A
1.5k

(g) ai

30V

Rib

Co

.30.

611
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A40 a. True.....thru "subtraction", Using Ohm's Law, it can be
determined Using "multiplication" (I tt).

b. Applied Voltage' (Is)
c. Trues...and this is often doae in electronic circuits.
.4. Trues...the iscreese of current can bs caused by a bigger

,,.._lartaggajigthaaggisrawofop cion of another resistor.

ELECTRICAL POWER

'The flow of electrons thru some type of opposition, produces

heat. When electrical current flows thru a light-bulb, heat is gen-

erated. Soldering-irons depend upon this conversion of electrical

energy into heat. The resistance wire; used in electric-toasters, is

heated by the flow of large quantities of electrons.

Of course, resistors offer opposition to electrical current, and

heat will be generated within them. With proper physical construction,

the heat produced will not damage the resistors. However,'Ahis heat

must be "gotten-rid-of" into the:suriounding air. If net, the Met

will continue to "build-up", until the resistor is damaged. .

Carbon type, resistors:can withstand
only small amounts of heat.

Wire-wound resistors are used when
larger amounts of heat are involved.

The "physical size" of a resistor (its surface area), is the main

factor which determines how'much heat it.can "dissipate" (get-rid-of).

Therefore, carbon and wire -wound resistors have many different shapes

and sizes. It is important to understand that the "physical size",

has nothing to do with the resistance (ohms) of a resistor. Thresis-

tance depends 4on the materials used "Inside the resistor.'

Q-30 a. The flow Okelectrons-thru an opposition, produces
b. To "dissipa te", mans to . -

c. T -V Carbon riiiators are used to dissipate large amounts of
heat.

The_d. 16F Th heat, clialpated by a resistor in a radio. is
usef to the operation of t radio

31-
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A729 a. 4.5iin

b. 2mA

c. 16V

d. 12V

e. 4V

f. 20V

g. 10V

ELECTRICAL POWER (coot)

v The 11611 used for the word POWER is P, and the unit of measure

for electrical power is the (Symbol W),

As might be expected, the heat generated within a resistor, depends

upon the amount of glum (I), and the RESISTANCE (R) ofthe resistor.

------POWER71NEAT) Ir-iiiRiNT2 RESISTANCE
i.

This basic POVER-equation indicates that the CURRENT must be

"squared", before multiplying it times the RESISTANCE.

415

/2 R

2
2

5

4 5

20 WATTS (20W)

There are two other POWER equations which could have been used,

to obtain the same answer.

E2 102 100
20 WATTS (20W)

R 5` .5

Since there are AhreePOWER equations which can
be used to obtain the some answer, use the one
which is the easiest,. depending upon "what" is given in the-problem.

P. E I .

10 6., 2

20 WATTS (20W)

Q-31 Calculate the POWER dissipated by these resistors.

'32 613



A-30 s. heet.,..eometimee useful, sometimes wasted.
b. eliminate, or get- rid -of.

c. false...large amounts of heat would damages carbon type.
d. fale...the hest i wasted, and is considered a "loss of

energy".

WATTS AND MILLI-WATTS

When the.resistance values ars given in unit OHMS, the circuit

current Will be An unit AMPERES. Under these conditions, the POWER

calculations come-out in unit WATTS.

However, when the resistance values are given in KILO -OHMS, the

flowof current is 111:300o the smallerMILLIAMPERE. With this

reduction in the flow of electrons, the heat generated-within the

resistors-wiLl-bs-much-smallec.--When-the-cutrent_is_measured_in

MILLI-AMPERES (mA), the power calculations will come -out in 'the

smaller MILLI-WATT (01), An example follows ......

EXAMPLE: Calculate the Power dissipated
by the resistor. 12V

( I .--- 4mA
R 31as .

p /2
R.

42 3

,a 16 . 0, 3
. .

*1* 48 milli-watts (48mW)

.......-
Q-32 Calculate the power dissipated by the resistors in the-follow

circuits. Give answers in BOTH watts AND milli-watts.

(a)

12V ,610,

0

(b) (c)

1,2V

33
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A-31
a, 4 WATTS OW) b. 36 WATTS (36W)

TOTAL POWER

C. 3 WATTS OW)

When there is more than ONE resistor in a circuit, the total power

generated by them must be calculated. called....calculating

the TOTAL POWER,(Symbol Pt ).

To.determine the Total Power (Pt), calculate the power dissipated-

by each individual resistor, then ADD.

OTAL_POWER-00 PRI----+---PR2+-..-PR3 -etc. 1.

EXAMPLE:, Calculate the Total Power (Pt)

210.

E smil 12Va

R3

(I)/Rt a Rk + R2 + R3

, 3c.. + iltd% :AA

fkm.

Rt

12V
2mA

6k1L

PR,
2

TR, R
1

2
2I' .1 2

4 2

8 milli -watts

0 2
2 3

2 0
n PR a 3PR -Ill -R3 -

2 g`2

22 3

4 1 4 3

4 militAtatts 12 milli-watts

22,
1

PRr + PR2 + PR3 8mW + -4mW + .12mW .

TOTAL POWER.--"/

Q-33 Calculate the Total Power (Pt) in the following circuits.

40

'(b)

LJ

1 I

4km.

(kn.
%mg

615 *-
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A-32
a. 24 milli-watt (24mW) .024 watts (.0240'

b. 240 milli -watts (240.W) .24 watts. (424%0

c. 6 milli -watts (6.W) .006 watts (.0060

TOTAL POWER (cont).

4

go

Several other methods can be used, to calculate the Total

0

O

Power (Pt). The "totals" of Resistance (Rd, Current (It) and
. 0

Voltage (Ea) may be used.

E pasona,
It is NOT necessary to determine_rhe_powerdissipated_by

every resistor in the circuit, to calculate the Total Power (Pt).

In complex circuits,*this would be difficult and time - consuming..,

EXAMPLEI Calculate the Total Power (Pt) in the following ci uit.

Ea 12V,

I
t-

2mA

6 kn.
IC.

All answers 24 milli -waits (24mW
0

g-34 .Calculate the Total Power (Pt)in the following circuiti.

a

a

o 35

0
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. A-33-
a. 'pt 120W 192161 (192W)

POWER DISSIPATION'vv-POWER RATING

A resistor, in an operating circuit, will produce heat. This, is

called its POWER DISSIPATION, However, there is a limit to the amount

of heat a particular resistor can withstand, without damage. This

"limit" is called its POWER RATING.
0-

The POWER RATING of a resistor is determined by its physical

Size (surface area). Carbon resistors are typically "rated at"

1/4 watt
(2501sW)

--HellED-7-

, watt
(500mW)

I watt

(1000aW)-
2 watt
(2000mW)

Suppose the power calculation for J resistor came-out-to-be

I200mW. The smallest POWER RATING that could be used, would be the

2 Pratt (2000mW) size. Anythiogsmalletwould "burn-up".

If the power calculation came-out tobe 300mW, the hlnimum

YO %ER WING that couldbe used, would be the 11 watt (500m0) size.

Above 2 watts (2000mW), wire-mound resistors are employed.

They are capable of withstanding greater amounts of heat.

The POWER RATING for the resistors,..

will be shown in the "parts list" accompanying the equipment.

Q-35 Determine the minimum POWER RATING for these resistors. Choose
from the POWER RATINGS listed above.

(b)± (a)
/.

25ka,

IMP
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A34
I. 40W b. 300V c. 4sdi (.004V)

PRACTICE PROBLEMS

Test your skills in Series Circuits with the'problems which

follow. The first stop is to make sure of the "question". Then form

a "plan of attack" toward the solution.

This series of problems will start "simple", and progress Co .the.

more "difficult" types. A list of the three Ohm's Law equations,, and

the various'peuer equations may make the work faster, and more accurste.

Q-36 Solve se.indicated.

(a) (b)

G t

(c)

(d)

(g)

(e) (f)

(h) (i)

37
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A-35: POWER DISSIPATION '' a. 400mV .... b. I211 ..... c. 720mV

MINIMUM POWER RATING LAV 23V qq LW

PRACTICE PROBLEMS (cont)

Q-37 Solve as indicated.

(a)

Rt---? 4.5Ic1s_

(b)

619

AM.



A-36
. a: 3A

1).. 16V
c. 4kei

-(1. .2A
e, ..SX41
f., 4V

g. 2W
h. 100mW
L. 9W

..

PRACTICE PROBLEMS (ctqt)

A-38 Solve as indicated.

)

4)

It

.. ,.-1

Aj y* ..0'

39

620



at

A-37
a. 101Ln. c. 40V

b. 2M d. 9V

.11

S. 51/

,f. .911.

PRACTICE PROBLEMS (coat)

Q-39 Solve as indicated.

40

, 621

11/
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A-38
a. 4A

b. 3eA.

C. 8V

d. 24V

e. 1.5V'

f. .1:25V

PRACTICE PROBLEMS (cont)

Q-40 Solve as indicated.

(b)

L., ark -

41
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A-40

a. in c, MR"

b. 31t11. d. 34%

s. Sk.n.

f.

SUMMARY

The study of Series Resistive.Circults should NOT end here.. More
advanced theory involving these circuits is-available in texts obtained
at Technical Study Centers.: Use.of these technical publications will
broaden your understanding in this subject area

This text has reviewed-the basic relationships beiweens Voltage,
Current, and Resistance. The *concepts of "voltage drops", and Elect-
rical Power have been: introduced. ,

The calculations involved in these Seiles Circuits, ere fundamental
to all Electronic.circults. The use of Ohi's and Kirphoff's Lows will
on Electronics-Career-Field.

Series Circuits are used in every type ofElecAronic equipment.
They supply many of the needed "operating voltages"Vfor transistors,
integratedcircults, and.tubes. Your ability to lode troubles in
this type of circuit, depends largely upon your unierstanding of the
expected results and performance of Series connectik-tomponents.

The Series Manly* Circuit.... the "Foundation".

43



A-.41
a. 40W

b. 72mW

C. 100W

d. 72mW

a. 64W

f. 400mW

NOTES

44
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SERIES RE3ISTIV,E CIRCUIT

.t4/10
OVERVIEW

.,k
v

1. SCOPE: The basic circuit in electronics is the series circuit. Even complex circuits are .

. .

interconnected series circuits. This module discusses the requirements of a DC circuit and
the application of Ohm's law. You will solve DC series resistive circuit problems for resistance
current, and power. I ..

. p

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the .following
objectives:

a. Given four diagrams, select the one which satisfies the requirements for a DCcircult.

b. From a group of statements, select the bne that describes Ohm'; law as related to
current, voltage, and resistance.

.

c. Given a series circuit schematic diagram and formulas, solve for:

(1) total resistance.

(2) total current.

(3)" total power.

,

,

,
,

AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK.

IF YOU DECIDE NOT TO TAKE THE MODULE SELFCRECK,TURNTO THE NEXT PAGE
AND PREVIEW THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR
INSTRUCTOR IF YOU HAVE ANY QUESTIONS.

,i

I

628. 1

...



.

.,

LIST of RESOURCES
$

,SERIES RESISTIVE CIRCUIT

'`To satisfy the objectives of this module, you may choose, according to your training,'
experience, and preferences, any or all of the following:

READING MATERIALS: 0

Digest .
..,

Adjunct Guide with Student Text

AUDIO VISUALS: 0

.
$

Television Lesson, Series Resistive'Circuits, TYK 30-10IL

Television Lesson, PowerTVK 30-10IM

C'

1

0

O

F c)

,..

.,

.

.

SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE
SELF - CHECK.

_ CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE.

'.),.; ..t

629 .
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SERIES RESISTIVE CIRCUITS

CIRCUIT REQUIREMENTS

In.prdir to have a practical DC circuit, certain conditions must exist. There. must be a
, pow* source, a load device, and a conductor. All of these components must be 'connected

in a manner t8 provide a complete path for current flow from the negativeterminal of the
source to the positive terminal of the source.

OHM'S LAW

In any circuit, current (I), voltage (E), and resistance (R) conforms to OHM'S LAW which
states that, current in a eircuit is directly proportiona/..to the applied voltage and inversely
proportional to the resistance.

Or

Therefore: Ra

And: E = I R

SERIES CIRCUIT ANALYSIS

In a series circuit, all components are connected endto-end and there is only one path for
current How. Study the circuit shown.

In a series circuit, total resistance is found by adding the individual resistances.

Or: Rt = RI + ft2 + R3 +

, Then: At 25 kJ], + 5 k A. +. 10 k12.

Rt = 40 k.,1)-'

To find current, use Ohm's Law.
Ea

40 V
40 k.,1)-

I = 1 x 10-3 A or 1 mA

Or:

0

Then:

J

I

3

03Q

1



DIGEST,

When current flows through a load device, heat is produced and electrical power is consumed
or dissipated, The power dissipated (P) is measured in watts (W) and is calculated from the
following formulas:

PI2R

. P m 1E

Find the power dissipated in figure 1.

Pmeft

P m (1 X10-3)2 x (40x103)

P (1;10-6) x 40x103

1304C x10-3 W or .04W
P

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK,

6314
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ADJUNCT GUIDE

SERIES RESISTIVE CIRCUITS

INSTRUCTION&

Study the referenced materials as directed.

Return to this guide and answer the 'questions,

Check your answeii against the answers at the top of the next even numbered page following
the questions.

If you experience,any difficulty, contact Your instructor.

Begin the program,.

A. Turn to Student Text Volume I and read paragraphs 51 thru 5-10. Return to this page and
answer the following questions. .

I. What are the three basic requirements for any circuit?

2. In the external circuit, current flow is always from to .

3, The formula for total resistance in a series circuit is

4. The formula for Ohm's Law Is .

5. Ohm's Law states that

.11.116

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

B. Turn to Student Text Volume I and read paragraphs 5-11 thru 5-24. Return to this page
and answer the following questions.

1. The sum of the voltage drops. in a series circuit arequal to the*

2. In a series circuit ,containing Al and R2, if Eiti equals tO volts andHei equals

30 volts, thin Ea equals

. .
3. To find "-it 'It. what must be known?

4. - To find "E lit what must be known?

5. To find "I "p what must be known?

CONFIRM SOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

, 4

i
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ADJUNCT GUIDE

ANSWERS TO A:

I. source of power, load device. conductor.

2. negative to positive.

3. Rt s. RI + R2 + R3 + etc.

4. I

5. The current in a circuit is directly proportional to the applied voltage and inversely
proportional to its resistance.

If you missed ANY questions, review the material before you continue.

ANSWERS TO B:

I. Applied voltage

2. 40 volts

3. E & I

4. I & R

5. E & R

If you missed ANY quesstionst'review the material before you continue.

C. Turn to Student Text Volume I and read paragraphs 5-25 thru 5-39. Return to this page
and answer the following questions.

I. Eirchhoff's Law for current states that

2. Kirchhoff's Law for voltage states that

'

633
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3. What is the resistance of RI?

.....i, 60 megohms

b. 10 megohms

c. fl megohms

6....d. 5 megohms

4. What is the resistance of R?

a. 3 k ohms

b. 19 k ohms

c. 20 k ohms

d. None of the above

-..

.
ADJUNCT GUIDE

What is the value of 114? RI

a. 400 ohms 100 0

c.

200 ohms

50 ohms

77' 165

RI
d. 40 ohms --Nw

S. What is the value of Rt?

____a. 10 k ohms

b. 15 k ohms

__...c. 5 k ohms

d. 20 k ohms

7. What is the total resistance?

a. 13 k ohms*

b. 25 k ohms

a. 192 k ohms--....
d. 9 k ohms

7

RI

R2

200 0

300 In

R3 500

634
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ADJUNCT GUIDE

8. What Is the total current?

....a. 9.0 amps .I.
=N. /5V__b. 7.6 amps .

..c. 3amps

......_d. 3 milltamps
l

9. The current is:

._a, 0.91A.
b. 91 mA.

c: 0.2A.

d. 20 mA.

10. The current Is:

a. 5 na.

b. 50 mA.

c. 25 mA.

d. 10 mA.

11. If the current is 10 mA, R3 is:

a. 1.3 IC ohms.

b. I k ohms. .

C. 1 k ohms.

d. .3 k ohms.

12. The current is:

a. .2 mA.

b. 15 mA.

c. 10 mA.

d. .5 mA.

. v
8

a

i

M,
6a

2a
'VA

.1.

a

.IK a

2.5K

t

635
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13. What is the applied voltage?

a.. 136 V ,

: _b. I: V

c. 150 V

11.M,...d. 210 V

14. The voltage applied is:

a. 3 millivolts

__.b. 400 volts

-c- 400 amps
d. 200 volts

15. If I is 25 mA, Ea is:

a. 50.V:

b. 12.5 V.
..-

c. 25 V.

d.. 109 V.

.

16. If I is 2 mA, the value of Ea is:

a. 20 V.

90 V.

c. 40 V.

d. 60 V.

i7. From the-given information, determine the voltage from point B to ground.

a. -.76 volts

b. -7.6 volts

. c. -76 volts

d. -160 volts.411.



ADJUNCT GUIDE

D. Turn to Student Text Volume 1 and read paragraphs 5.40 thru 5.60. Return to this page
and answer the following questions.

t. Energy is defined as

. Power is defined as

3. When 1 and R are known, the formula for piwer is

4. When E and it are known, which power formula is used?

5. When E and I are known, which power formula is used?

6. The unit of measurement for electrical power is the

7. The lowest powc: rating for R is:

a. 2 W.
. b. 1 W.

c. 100 mW.
cL 200 mW.

8. The power dissipated by RL is:
.

a. 160 watts.

b. 60 watts.

c. 120 watts.

d. 30 watts.

9. What is the power dissipated by RI 7

b.

c.

480 mW

192 mW

48 mW

48 W

sap

-.160V

RL

300

100V
4V

lex 160 mli

10. What should be the minimum power rating of R3?

a. .52 W

b. 2.5 W

c. .25 W

d. 50 mW

to

R3 .. RI
10/C0. NC 0 .
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11. U R4 dissipates hail the power ol, A3, Pt is equal to:

1006 mW.

b. 000 mW.

626 mW.

d. 604 mW.

12. Find total power.

1.2 mW

1.44 mW

Mirle 1.2 W

d. 1.44 W

13. Find E_.

a. so V

b. 60 V*

500 V

_at. 600 V
14. Find total power for the circuit inquestion 13.

a. '100'mW

b. 200 mW

ADJUNCT Gum G 2 I?

C. 300 mW

d. 400 mW

15. Find total power.

a. 2W

b. _ 1W.

. 20 mW

d. 10 mW

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED
1

3 k.n.

6 kn.

4 kn.

7 kit__
PAGE.

1007

11
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ADJUNCT GUIDE

ANSWERS TO C:

I, The sum of all currents flowing to a point must be equal to the sum of all the currents
flowing away from that point.

. The applied voltage is equal to the sum of the voltage drops around the circuit.

. c
4. b
5. b.
6. c
7. b
8, c
a. d

d
11. a
12. d
13. c
14. b
16. a
16. b

17. c

If you missed ANY questions, review the material before you continue.

ANSWERS TO D:

1. The capacity to do work.

2. The time rate of developing or expending energy.

3. P = 1214

24. P = Tr

5. P =IE

e. Watt

7. d

8. c 12. b

9. 13.b

10. c 14. c

1. c 15. a

If you missed any questions review the material before you continue.

YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK.

12
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SERIES RESISTIVE CIRCUITS

QUESTIONS:

I. What are the three basic requirements for any circuit?

ssza.cmccs , 3 o

2. In the external circuit, current flow is always from to ' 6

3. The formula for total resistance in a series circuit is

4. The formula for Ohm's Law is

5. Ohm's Law states that

4

8. Energy is defined as

.

. Power is defined as

8. The unit of measurement for electrical power is the, .

9. In the circuit shown

a, total resistance is

b. total current is

c. total power is

Remember, E = IR and P'= IE

RI

1. -Na
W

10K

R3

ANkt
ER3 2150V

.

640
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SELF-CHECK

10. Total current IS:

.---a. 25 mA.
b. 250 mA.

c. IA.

d. 25 A.

11. Find total resistance:

a. 1004.0..

b. 4 k .t1..

C. $ k .a.

(1, 6 k .n-

12. Find total power:

a. 400 W.

. b. 400 mW

, c. 500 mW

d. 1 W

250 9

N.

9011.

T.9 kil.

A3

t

N.

1-- 900.n.
R2 Q

Tit k.. 100A-

to

,13; Select the diagram that satisfies the requirements for a DC circuit.

A.

500

N

B.

O.

CONF)RM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE.

1.4 . 64.Z

G 31
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Sp

.

SELF-CHECK

0

I

ANSWERS:

I. source of power, load device, conductor.

2. negative to positive.

3. IIt s 111 + 112 + R3 + etc.

E
4. I== if

5. The current in a circuit is directly proportional to the applied voltage and inversely
proportional to its resistance.

6. The capacity to do work.

7. The time rate of developing or expending energy.

8. Watt

9. I. 30 k ,n._

b. 10 mA

c. 3W

10. b

.

.

.

.

e
HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY'? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS
":")R.ttECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE.

16
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Radar Principles Branch
Kessler Air Force Base, Mississippi

.

f

Pro greeted Text 341310204
NEP-PT-8

November 197%

Electronic Principles

Module 8

This Illustrated Pm:gnaws! Text is designed to Alin the
stuAy of Parallel.Resistive Circuits and Bridge Weida. Each
page contains an important idea or concept to be understood,
121=1 proceeding to the next. M illustration for each objec-
tive is presented to clarify What is to be learned.

Atrthe jaass of each page, there are a few questions to
bring out the main points. ,These are indicated
It is hoped that these questions also aid under- Q.1, Q-2, etc.
standing the subject a little better.

The answers to these questions will be fomil'on*the top of
a foilowing page, indicated as....
Short co...tents may follow the 1 Awl, A-2 etc.
answers to help understand why
a question umy have been missed.

INS

Introduction & Circuits ... . . 1

Use of Parallel Circuits...... 2
Basic Parallel Circuit ... 3
Hydraulic Analogy. .... 4

Calculating Branch Currents 5
Total u 6
Missing Current: 7

Measuring Current 8
Kirchoff's Current Law 9
Calculating Branch Resistance 10
Calculating Applied VOltage 12

Practice Problems 13

Electrical Power 14'

Calculating Power 15
Dissipation vs Rating.. 16
Total Power 17
Complex Parallel 18
Kirchoff's-Voltage Law 19
Practice Problems 20

Total Resistance 21
Calculating Total Resistance..23
Practice Problems 28

Bridge Circuits 33p
Bridge Currents 36

Use of Bridge Circuits . 37

OBJECIDES

.Upon completion of this module,
you should be able to satisfy
the following objectives:

a. From a group of statement:
select the ones that des-
cribe Kirchoffis Laws for
Current and voltage.

b. Oiven'a parallel circuit
schematic diagram and
formulas, solve for:

(1) total resistance.

(2) total current.

(3) total power.

C. Given a bridge circuit
schematic diagean, make
necessary calculations
to determine whether the

. Summary 39 circuit is balanced or.

unbalanced.

Supersedes KEP -PT-8, 1 November 1974
Previous editions WIND used-
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One day my boss said, "Ilook-up those resistors in parallel
with that battery." Following his instructions, the circuit was
constructed. When he asked, "Now. ..what have you got?". After a
short while, I was able to give him only correct answer
"A dead batteryiti".

There is no real use for resistors connected in Parallel with
a power source. There ARE however, basic and important principles
to be learned from such an arrangement. The principles of "Parallel
Operation".

It is essential that Electronic circuits within Transmitters,
Receivers, and Control Systems, be powered from one "source". This
is the basic element of parallel circuit construction, and the reason
for its study. With few exceptions, all electrical power systems are
Parallel Circuits. Hanes, offices, factories, and Electronic equip-
ment are all wired in Parallel.

This then, is NCI a study of resistors connected in Parallel,
but of [what happens?) when electrical components of all types are
connected in this manner.

RESISTORS CONNECTED IN SERIES

The "series" circuit consists of resistors connected end-to-end.

REISTIORS CONNECTED IN PARALLEL

A "parallel" circuit consists of the same resistors, connected

side-by-side. Components other than resistors can be used.

Q-1 a. Series circuits consist of resistors connected
b. Parallel circuits consist of resistors connecter--

c. RER375ffices, factories, and Electronic equipment are all
wired in

d. T-Fiviost'of the time, resistors are connected in parallel
with a battery.

V

et
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USE OF PARALLEL CIRCUITS

A small transistor radio may consist of 5 or more separate

electronic cirauita. Each of these'circuits requires a source of

m in order to operate. It would be impractical to.have 5 or

more separate batteries as power sources. Instead, each circuit

is designed to operate properly Eat say volts], and then all

the circuits are attached to one, 9 volt battery.

IF AMPLIFIER
CIRCUIT

By extending the battery leads, this parallel arrangement can

be simplified as follows.

In this manner, each circuit receives its "operating voltage"

from tne'9 volt power. source (battery).

Q-2 a. With a parallel connection, each circuit receives its
power from power source.

b. T-r In paralgrwiring, each circuit is powered by the
same

c. The same voltage is applied to each Circuit in a
connection.

d. T -F With a parallel connection; each circuit receives a
different "scerating voltage ".

-
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A-1 a. en to -end.

.1). side-by-side.
c. parallel.
d. False....unless you want to wear-out the battery.

THE BASIC PARALLEL. CIRCUIT

Instead or connecting entire electronic "circuits" in parallel

with a power source, resistors will be used. The principles or

"parallel" operation remain the same. Using resistors simplifies the

understanding, and makes calculations easier.

However, there are times when resistors are actually connected

in parallel with each other. The reasons for this will,be explained

later in the text. THE BASIC PARALLEL CIRCUIT',

PICTORIAL DIAGRAM

11111
SCHMATIC DIAGRAM

The source orpower (the battery] is referred to as the Applied,

Voltage (Symbol Ea). The resistors are usually numbered Fti, R2, R3,

beginning nearest the battery. 3
Each "leg"or the parallel circuit is called a BRANCH.

For example: The above circuit has an R1 branch, an R2 branch, and an

R3 branch. Each "branch" is connected to the po;ier source, therefore

each branch has the Applied Voltagp (Ea) as a voltage source.

[Q-3 a. Lacti "lee" of a parallel circuit is called a .

L.. '.'-}7 Lacs) t..riglICti of a parallel circuit has the Applied

. 1

Voltage (L'a) as its power source.
c. r-F ally cm: zdrancti can be connected to a power source.:
c:. In a parallel connection. each branch receives power

I
from tne same .

.

i
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A-2
a. the same....a ccemon....or words to that effect.
b. battery....voltage....power source....that's the main

reason for the parallel conneotion.*
O. parallel
d. False....each circuit receives the same "operating

voltage".

HYDRAULIC ANALOGY

Each parallel branch will have electrons flowing thru.it.

The amount of current allowed to flow thru each branch depends upon

the apposition of the resistor in that branch. The "hydraulic

analogy" may help to clarify this point.

The water allowed to flow thru each "branch"; depends upon the

setting of the valve in that branch. Of course, the pump pressure

also plays a part. Increasing the pump pressure will force more

water to flow thru all the branches.

ellnpoitva Now, a VERY important point!!!!

. Changing the setting of any ONE

valve, affeCts the water flowing thru that,ONE branch ONLY!!

It has NO EFFECT on the water flowing thru the other branches!!

There is not a CERTAIN amount of water Which must come-out of the
.4

pump. There is a VARYING amount of water "allowed" to flow out of

the pump, depending on the settings of en the valves. (Read again]

(144.4 a. The amount of current allowed toflow thru a branch, depends
upon the of the resistor in that branch.

b. T -F Changing the opposition in one branch has NO EFFECT on

the current flow thru the other branches.

4
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Ama
a. branch.
b. True....that's the main reason for parallel connections.
a. False...any number of"branches can be connected. .

4. voltage power. source....or similar words.

CALCULATIN3 BRANCH CURREN'S

It is important, .n parallel circuits, to know the amount of

current flowing thru each branch. To see, how these currents are

calculated, review' for a =lent'

(1) "Each branch is connected to the power source, therefbre
each branch has the Applied Voltage as a voltage source."_

(2) "The amount of current allowed to flow thru each branch,
depends upon the opposition of the resistor in that branch."

Ohm's Law then, can be used to calculate the branch currents.

I (each branch] '

Applied Voltage

R (each branch]

EXAMPLE: Determine the current flow thru each branch.

iv Ea
60V

AR
R1 10K A:

-ai 6mA

-Ri

10

Ea
.7 R2

---...:

A.

60

15K1/

Q-5 Calculate the current flow thru each branch.

(b)

650
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A-4 a. opposition or resistance ..... increasing the opposition,
decreases the flow of current thru that branch. ,

b. True,...each branch is "independent" of the'other branches;
but they all are connected to the same battery.

DETERMINING TOTAL CURRENT

The."hydraulic analogy"shows the total water, allowed to flow

out-of and back-into the pump, is the SUM, of the individual branch

currents.
Ae0TOTAL WATER 0 12 GALLONS PER MINUTE (gpm)

TOTAL WATER 12 GALLONS PER MINUTE (gpm)

In an electric circuit, the Total Current (It) is the amount

flowing out -of, and'beck-into the battery. It is the SUM of the

individual branch currents. IRt 4' Ilta 4 I%

QI-6 Determine the Tbtal Current (h) in the f011owing circuits.

(a) (b)

651
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A-5 a.'Branch 1 4mA 'Branch 2 20mA Brahch 3 0 SmA

b. Branch 1 0 4A Branch 2 2A Branch 3' 0 GA

MISSING BRANCH CURRENT ?

Suppose the Total Current (It) is given, and one of the branch

currents is arm. Subtraction can be used to determine the missing

branch current. Observe the "hydraulic analogy" for a moment

A little ADDITION and SUBTRACTION Must be the other 661m

In an electric circuit, a missing branch current is determined

the same way. A little addition and subtraction missing current:

IRi. + IR3 15M

ip



IA-6 a. It 30mA

PARALLEL CURRENT NEASUFtEMENIIS

b. It m 6A

Electrical current can be measured at many different points

in aparallol circuit. The readings will vary. It depends upon

the point at which the ammeter measurement is made. The "hydraulic

analogy " may help to clarify these different current readings.

Ammeter readings vary, depending upon the point of measurement.

EXAMPLE: In the tbllowing circuit, determine an ammeter readings.

Using Ohm's Law....

e. 2mA ® andea It 16mA

ye8mA

Ira and C9= + A3 lam

ande. A3 130A

t
Q-8 Determine the ammeter reading in the Dollowing circuits.

(a) (b)

8 ty
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A-7 a. 2mA b. 4A

KIRCHOFP'S CURRENT LAW

Throughout the study of parallel circuits, Kirchoff's Current

Law has been used. It states (in effect).

KIIICHOFA CuLer
Observe the following examples:

The current flowing toward a'point,
is equal to the current flowing away
from that point.

Kirchoff's Current Law then, has been used when adding "branch"

currents to obtain the Total Current (It). "Missing" branch currents

were also determined using this law. Watch for the use of Kirthoff'S

Current Law in the solution of electronic circuits later on..

PRACTICE PROM=

Q-9 Solve as indicated.

a)

9
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a. 6mA b. SA

CALCULATING) BRANCH RESISTANCE

The electron now thru a parallel branch, is controlled by the

resistance (ohms) of that branch. Occasionally, itis necessary to

calculate the opposition of a branch resistor. Here's how

Each branch is connected to the power source. Therefore, each

branch has the battery voltage as a voltage source. If the branch

current is known, the branch resistance can be calculated, using

Ohms's Law.
E BRANCH VOLTAGE

R « BRANCH.RES/STANCE 0
I BRANCH CURRENT

EXAMPLE: Calculate the opposition of R2.

tfD

E
11I.
I

Ea 12V
3 6K,,,.

IR2
2mA

410 Calculate branch resistances in the f011owing circuits.

(b)

(a)

5K14

20V

10 655
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A-9
a. 3mA

b. SOmA

C. 3A

d. 15A

AMP

CALCULATING BRANCH RESISTANCE (Cont)

Sometimes, Kirohoffsa Current Law and Ohm's Law, must be used

together. More complex problems often require both laws.

EXAMPLE: Calculate the opposition of R2.
KIRCHOW'S LAW

Since It w 9mA, IR2 must be 2mA

OHM,SrLAW

Ea 12V

R2 1""--"P---7-01 61(ex

2n1A-

EXAMPLE: Calculate the opposition of R1.
laRcitionws LAW

Since IR2 IR3 w 3mA....

IR1 must be the other smA.

01-01'S LAW

Ea 20V
5KA%B1-

'IRS
ihrLA

Q-11 Solve as indicated.

li
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IA-10
a. 41(..A. b. 20"

CALCULATING THE APPLIED vouria

The Applied Voltage (battery), is'usually known. If not,

it can usually be rmeasured" with a voltmeter. H6wever, it is

possible for the:pointq of measurement to be at difficult spots

to get at, and &alculation becomes the best method.

The calculation is possible; if a branch current and resits-
...

tance are knowe. Multiplication, using Ohm's Law, will result

in the Applied Voltage (Ea).

EXAMPLE: Determine the Applied Voltage (Ea)

711th. 6Kta.

c.

'4,17

Im.!S 41) 41111111

a 3MA ISKA

12V

Either of the other two branches-

could have been used to determine-the Ea': IR2 R2 m 2gA 61(41.

Applied Vintage. The calculations Ea s 'RI R3 a 12mA
12V

would result in the same voltage.

OHM'S L A W E I R

Ea: IR1 R1
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a. 30Kau. b. 4,"

PRACTICE PROBLEMS

Using coMbinaii66 of Kirchdffis Current Law and Chinos

solve the following practice prohlemi. The first Step is to make

sure of .the "question ". Than form a "plan of attack" toward the

solution. Answers are listed as A -13.

4-13 Solve as indicated.

401

(a) IR

liov 104.
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a. 24V b. 30V

ELECITLICAL POWER

The flow of electrons thru some type of opposition, produces

hest. When electrical current flows thru a light-bulb, heat is gen-

erated. Soldering-irons depend upon this conversion of electrical,

energy into heat. The resistance wire, used in electrictoasters, is 'tAt

heated by the flow of large quantities of electrons.

Of course, resistors offer opposition to electricalurrent. and

heat will be generated within them. With proper physical construction,

the heat produced will not damage the resistors. However, this heat

must be "gotten-rid-or into the surrounding air. If not, the heat -

will continue to "build-up", until the resistor is damaged.

») ))1))) )))

Carbon type resistors can withstand
only small amounts of heat.

Wire -wound resistors are used when
larger amounts of heat are involved.

-.....

The physical size of a resistor (its surface area), is the main

factor which determines how much heat it can "dissipate" (get-rid-of).

Therefore, carbon and wire-wound resistors have many differert shapes

and sizes. It is important to understand that the "physical size",

has nothing to do with the resistance (ohms) of a resistor. The re-

sistance depends upon the materials used "inside" the resistor.'

[Q-14 a. The flow of electrons thru 'some type of oppositions produce

b. 114 Carbon resistors can withstand large amounts of heat.
c. T-F The physical size of a resistor determines resistance.
a. The main factor which determines the ahliit:y of a resin for

to dissipate heat is it::
WNW
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A.13

4

a. SA d. 30A

b. SmA e. 18V

c. 84% f. 10KA

CALCULATNO POWER,

The power dissipated by a resistor in a Parallel circuit, is

calculated using any of the following equations. (Note that they

are the same "power equations", used for Series circuits.]

.16 p /2 6.E.1

The unit of measure, is the Watt (W). If the current flow

thru a resistor is in the smallerjmilli-ampere (mA), the power

dissipated will be in the smaller milli-watt (mW).

EXAMPLE: Calculate the power dissipated by R2.

PR

12V=- 6K 81(4.

Of course, either of the other two power equations could have

been used. The result, (36mW) would have been the same.

Q.-15 Solve as indicated.

(a) PR3 = ?

11111
0317:: 10Kes

'15
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Im

A-14 a. heat.
b. Palse....carbon would be damaged., Wire4omusi are used.
'6. False....the materials inside the resistor determine that.
d. Physical size (surface area)

POWER DISSIPATION vs POWER RATING

A resistor, in an operating circuit, will produce heat. This is

called its POWER DISSIPATION. However, there is a limit to the amount

of heat a particular resistor can withstand, without damage. This

"limit" is called its POWER RATING.

The POWER RATING of a resistor is determined by its physical

size (surface area). Carbon resistors are typically "rated at"

k watt watt
1 watt(2500W) (500mN1
(1000W)

2 watt
(2000mW)

Suppose the power calculation for a resistor cane out to be

12000W. The smallest POWER RATING that could be used, would be the

2 watt (2000mW) size. Anything smaller would "burn-up".

If the power calculation came out to be 30Q W, the minimum

POWER RATING that could be used, would be the I watt (5000W) size.

Above 2 watts (2000MW), wire-wound resistors are employed.

They are capable of withstanding greater amounts of heat.

-311D---

The POWER RATING for theesistors,

will be'shown in the "parts list" acccupanying the equipment;

4-1646 The Mat given off by a resistor is called its power
b. T-F Power dissipation is determined by the physical size

of a resistor.
c. T-F"The power rating of a resistor is determined by its

physical size.
d. Never allow the power dissipation to be sweater than the

661
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A-15.
a. 100* b. 16W

TOTAL POWER

The Total Poor (Pt), dissipated in a parallel circuit, is the

SUM of the individual branch "powers".

Esuition
The Total Power (Pt), may also be calculated by multiplying

the Applied Voltage (Ea) times the Taal Current (It).

TOTAL POWER (Pt) Ea

EXAMPLE: Calculate the tbtal Power (Pt) in the following circuit.

PR]. ER1

PR2 m ER2 1R2

R3 ER3 1R3

Pt
= E I

. a t

. 24V 14mA

= 560* (.56W)

liov AmA = 160mW 1416w)

= liOv 2mA = 80mti (.08w)

40V 8mA = 320mW (.32W)

= 560* (.56W)

Q-17 Solve for Total Power .(Pt) in the ibllowing circuits.

(a) (b )

17
4
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1;5.3

A-16 a. dissipation. (The change of electrical energy into heat.)
,b. False the power dissipation is determined by the

amount. of current flowing thru the resistor.
c. True

d. power rating....otherwise the resistor will be damaged.

COMPLEX PARAUEL 0

In some parallel circuits, the branches may have more than one

resistor. The resistance of each branch is.determined thru addition.

EXAMPLE: Calculate the Total Current (It) in the following circuit,.

ACTUAL CIRCUIT =VAMP CIRCUIT

Dividing Ea (24V) by the resistance ,(12K.11.) of branch one = 2mA

Dividing Ea (24V) by the resistance ( 6K,,,) of branch two = $mA

DiViding Ea. (2$V) by the resistance ( ElKs%) of branch three = 3mA

ammum ra Adding the three branch currents together * 9mA

4-18 Solve for the Total Current (It) in ,the following circuits.
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a. 6GOW b. 700mW (JW)

COMPLEX PARALLEL (cont)

larchoff's Voltage Law states (in effect);

14444111dutt1116, The sum of the voltage-drops,
in a closed loop,

equals the applied voltage.

In a parallel circuit, each branch is a "closed loop"

U Each branch.forms a
,CTDSED LOOP
.,with the battery.

IIO1
ONO

am.

loo
r
fo

Ggo

10

o Ir
0
1

lb
,../L7L.....P'

Cv

Ina complex parallel circuit, there will be more than one

voltage drop in' each branch. There will be a voltage drop across

each resistor. Therefore, the sum of the voltage drops in, each

branch mUst equal the battery voltage.

)1.11EXAMPLL: Determine the Applied Voltage (Ea) &Tr VOLTAGE

Efil = Iiii Ri = 15V

CO 10
ilio 42 = IR2 H2 * 8VEICA

ER3 = IR3 R3.41 41

44 IN 14.4 * 20V

24V

(CD
ER5 1i5 R5 mg

ER6 = 1E6 = 3V 24V

3mA 47 1p7 - R7 12V

1-/ Jr
If::;--19a.Kirci;ImTsr Voltam taw states 'The raum of Lne.voita4,e I

..arc1.4% in a equals the amlled voitarA..

664
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Sts"

[A18
11A b. 7mA

PRACTICE PROBLEMS

Using combinations of Ohm's Law, Kirchoffts Current Law, and

Kirchoff's Voltage Law, solve the following problems. The first

12 is to make sure of the question. Then fora a "plan of attack"

-toward the solution. Answers are listed as A-20.

Q40 Solve 'as indicated..

(c) IR3 ?

fi

Afk

20
., 665



%re
IA-19

a. "closed loop"

TOTAL RESISTANCE

A group of resistors, connoted in parallel with a battery,

serves no usetla_puroose. It simply wears out the battery. As each

parallel branch is added, more current is,41lowed to flow out of the

battery, wearing it out sooner.

It may be recalled from the beginning of this text, that entire

electronic circuits are connected in parallel with a power source.

Resistors have been ,used to clarity the principles of parallel Oper-
.

ation, and to,simplify calculations.
. "

However, actual resistors may be connected directly in parallel

with each other. This is sometihes done to form a particular "total

resistance" needed in a !1mLal situation. Salving for this parallel

"total resistance" is NOT done the same way as in Series Circuits.

. `Adding another resistor into a Series
circuit DECREASES the amount of current
allowed to flow out of the battery.

This reduction of current means that
the total opposition of the circuit
must have INCREASED. ii611,,,,,m00,

Adding another resistor'into.a Parallel
circuit INCREASES the amount or current
allowed to flow out of the battery.

This increase of current means that the
total opposition of the circuit must
have DECREASED.

14 4

Q-21 a. If another resistor is added into a series circuit, the
total current therefore the total resistance
must have . {Inc -dec)

b. Adding another resistor in parallel will cause total cur-
rent -to and total resistance to .

21
0
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A-20 a. 10KA C. 2mA

b. 60V d. 12V

e. 251(.4

f. 3A

TOTAL RESISTANCE (cont)

This MAJOR DIFFLUNCE between Series and Parallel circuits,

must be completely understood.

Perhaps a ouple of simple- problems may help to understand

what's going on here.
SERIES

Auding a SERIES resistor, decreases the current allowed to. ow.. .

Therefore..... OPPOSITION to the flow of current has'INCRLASLO! .

ika 24
24V 7-7' Rt =-0* 81L

It 3A

PARALLEL

I \
24v -. Rt

24)
ór,.

It AA

,chin, a PARALLEL resistor, increases tne current allowcu to flow.
Therefore OPPOSITION to the now of current has DECRFASEDt

...z--

^ l6n
.- a. If another parallel branch 14 added,the total current: will'

1 - , therefore resistance must have t.
,

i 5. ri-Eaza resistance or a parallel clrzult tinc-aec)g
as each branch is added. 1,

It total resistance (Inc- cl2. Increasin.-. ec tstaI cure.

Ir.

.
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A-21 a. decreases, increased any time the total current
,decreases, the total resistance must have increased.

b. increase, decrease..A..any time the total current increases
the total resistancelst have decreased.

CALCULATING TOTAL RESISTANCE

.There are several different methods which can be used to

calculate the Total Resistance (Rt) of a parallel circuit. An(

of these methods will result in the sane answer. Which method is

used, depends,upon the circuit itself, and personal preference.

1. Ohm's Law

2., R over N Method

3. Product over Sum

4. Reciprocal Method

ZALIEW (Ohm's Law Method) Calculate the Total Resistance (Rt).

IRl = 2mA Ed

IR2 = 4

Rt.

mA It

IR3 7' 6mA 60V
7rsx

Rt 'S+.It 12mA

NOTE: The Tbtal Resistance (Rt) is smaller than any "branch".

Q-23 Determine the Tbtal Resistance (Rt) of the following.

(a) (b)

23
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A-22
a. increase, decreased
b. decreases each branch causes a rise of total current.

More total current means the resistance of the circuit
must have decreased.

c. decreases

CALCULATING TOTAL RESISTANCE (cont)

The "R over N" method is used when a group of parallel resistors

all have the same opposition.

"R "' stands for the COMMON REUSTANCE.

"N" stands for .the NUMBER OF R&ISTORS.

30. .7111

Ftc

: (R over N) Determide the Total Resistance (Rt).

R Common Resistance 604i.

Et a 206,
N .Number of Resistors 3

R CommodResistance 1001(06 -

11 25KA
Numberof Resistorp 4

NOTE: The Total Resistance (Rt) is smaller than any "branch".

Q-24 Using Ohm's Law, or Rover N, calculate TbtalResistanm (Rt).

(a) (b)

; 6sa

ST
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IA-23 a. 4K.n. b. 1.5.n.

CALCULATING TOTAL RESISTANCE (cont) :

The "Product over Sum" method is used when two parallel resis-

tors:have different, or "unusual" resistance Values.

Product R1 R2 ( Multiplication)

Sum Ri + R2 [Addition)

EXAMPLES: (Product over Sum) Calculate the Ibtal Resistance (Rt).

Product (Multiplication)0

Et 1

o

40Kelik 10X#.11

Rt
.

Sum . (Addition)

R1 R2 40 10 400
Ai w --- Mt&

R1 R2
do.

40 4. 10 50

Product Multiplation)
Rt

Sun (Addition)

Ri R2
Rt

R1 + R2

3 2 6
aft

3 + 2 5..

NOTE: The Taal Resistance (Re) is smaller than any gtech".

Using Ohm's Law, R over N, or the Product over Sum methods,*
calculate the Total Resistance.(Rt) of the following circuits.

(a) (b)

25
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A-24
a. 3K... b. 2.4. o. 5.n. 41, 4.5.n:

CALCULATING 'IOTA RESISTANCk (cont)

The "Reciprocal" method is used when a group of parallel resis-

tors have a "common denominator". A "common denominator" is a

number, into which each or the resistance values can be divided

evenly. The "common denominator" for 4, 12, 6, aid 3 would be 14

or 24, or 36 etc.. Usually, the "least common denominator" is used.

In this case,fthat would be 12.

The "Reciprocal" equation appears difficult. It is however,

easy to use.

EXAMPLE: (Reciprocal Method)

pt
1

R
etc.Rl R2 3 nil

HERE'S WHAT TO DO

(1) Resistance values
(Drop "K")

3 + 1 + 2 + 4 (2) Divide 4 into 12
12 12 into12.

6 into 12
Common Denominator 3 into 12

10
12

0 `Awn upside-down
1.2Kgs (RO and divide.

(Replace "K")

Q-26 Determine the "least common denominator" for the following.

. (a) 6, 5, 15, 10 (b) 20, 15, 30 (c) 2, 8, 12, 6

1

2() 671
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261Maigussasarawirsa (cont)

The "Reciprocal" method can be used with any number or parallel

resistors. A common denominator must be determined am.
It "all else rails", a cannon denominator can be determined by

multiplying all the resistance values together. This usually results

In a rather large canon denominator, difficult to use.

Q-27 Using the. "Reciprocal method, determine 'Dotal Resistance.

(a) . (b)

1, Q-213* Using Ohnts lAw, R over SI Product over Sun, or the Recip-
rocal methods, Calculate the Total Resistance (R).,

(a)



FA7 a. 30 b. 60 c. 24

PRACT/CE PROBLEMS

All of the Parallel Circuit skills that have been learned,

will be required in the following practice problems. The first

.8.22 is to make sure of the "question". Then form a "plan of

attack" toward the solution. The problems will progress from

simple to complex. A list of Ohm's Law, Power, and Parallel

Circuit Equations may help in solving them quickly and easily.

28
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I A-27
a. 1.87K" b. 6.66,.. L. 1.14." d. 1.18KA.

[

A-28
a. 21C4m b. 1.54% c. .6" d. 14.rs.

PRACTICE PROBLEMS (cont)

29
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A-31
a. 250W c. 216W e. 12mA

QI.33 Solve for Total Resistance (Rt).
NOTE: The Total Resistance (Rt), is smaller than any branch.



%we

%we

A-32 a. 20V

b. 12V

C. 10A

d. 35V

e. 27V g. 2mA

t. 60V h. 20V

RESISTIVE BR/DOE MIMI

A special complex parallel circuit is called a "Bridge Circuit".

It consists of four resistors, connected into a "diamond" shape.

There is an additional component called the "bridge element".

BRIDGE E.LEMENr

In many applications,
the "bridge element"

4....J

is a resistor. Special
electrical components
are also used.

GALVANOMETER [gal-va-noni-e-terl

Sometimes, the "bridge element" is a Galvanometer. This is a

sensitive ampere-meter, with "zero" in the middle of the scale. It

can measure current flowing in either direction.

If the Galvanometer is pointing to "zero" (no current), the

Bridge Circuit is said to be "BALANCED".

If the Galvanometer is indicating current flow, in either

direction, the Bridge Circuit is said to be "UNBALANCED ".

UNBALANCED

Like an acrobat, on a tightrope, a Bridge Circuit can only be

in one of two possible conditions: BALANCED, or UNBALANCED.

4-34 a. An ammeter, with "zero" in the middle of the scale, is
called a

b. Bridge Circuits can be balanced or

33
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A-33
a. 84. c. 8.571(g

b. ,724% d. 64%.

e. 2.14gd,

f. 3.424%

g. 8..

h. 4K4%

BRIDGE moms (cont)

A Bridge Circuit may be in a "balanced" or an "unbalanced"

condition. It depends upon the resistance (ohms) of each of the

fou.. uridge" resistors.

To determine a "balanced" or "unbalanced" condition, the

BRIGE. CIRCUIT EQUATION is used.

R1 (Upper Left] R3 (Upper Right]

E, R2 (Lower Left] R4 (Lower Right]

EXAMPLE: Is the following circuit "balanced" or "unbalanced"?

4KA,

R1 R3

R
10K4%

2 R4

2Ks%

4 10

2 5

%,
10
Jr

"Cross-multiply"
5*1

5KA.

BALANCED-lo 20 20

ExCAMPLE: Is the following circuit "balanced" or "unbalanced"?

R1 R3 12 8

R2 R4 6 5
12K.A. 81(4.

0 ,84"

5K

"Cross-rnultiply"----7-

..,

12,s, 04

6
UNI3ALANCED.--- 48 m 60

34
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A-34
a. Galvanometer.
b. unbalanced*

BRIDGE CIRCUITS (cont)

$2m of the resistors in a "balanced" bridge circuit is

unknown, it can t: easily calculated* The BRIDGE CIRCUIT EQUATION

is used to determine the unknown resistance value.

EXAMPLE: Calculate Rx in the following "balanced" Bridge Circuit.

6KA

..
414,

Ri Rx

R2 R4

6

14

Ar

"Cross-multiply" },/ N.,
2

Divide both sides 4x = 12
or the equation
by 4 for answer. x = 3K.A.

Ism Rx has to be 3K" . No other resistor will "balance" the

Bridge Circuit. Easy? Try these

Q-36 Calculate Rx in the following "balanced" Bridge Circuits.

(a)

35
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[A-35 a. Unbalanced b. Unbalanced c. balanced

BRIDGE CIRCUIT CURRENTS

The electrical currents flowing thru a bridge Circuit, depend

upon a "balanced" or "unbalanced" condition. First the "balanced"

circuit.

Now the "unbalanced" circuit.

BALANCEDBALANCED Expa
12 - 12

No current flow
thru the

Galmometem

MO HIGH

41)

(1NEsAIANCED BRIDGE

)

12 m 15

Current will now
flow thru the
Galvanometer.

TOO. LOW

Current now flows
in the reverse
direction thru
the Galvarometer,

If the "polarity" of the battery is reversed, the direction of

current thru the Galvanometer would also reverse.

437 a. If the Galvanometer is indicating current, the bridge
circuit is (balanced or unbalanced)

b. T-F Varying any resistor in a balanced bridge circuit, will
cause current flow thru the bridge element.

36
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I A-36
a. Wid% b. 4.n. c. 2K.n. d. 12"

USES OF WILGE OIRCU/TS (Wheatstone Bridge)

In some Electronic circuits, "precision resistors" are used.

These resistors have been very accurately measured. The ohmic

value is printed airectly on the body of the resistor.

A device used to measure these critical resistance values is

called the Wheatstone Bridge. In it's simplest form, it consists

of two fixed "precision resistors", and one variable resistor. The

variable resistor has a "calibrated" scale attached to it.

Mit.1.11101
0

10.n. at CALIBRATED VARIABLE RESISTOR
4

x

FIXED PRECISION RESISTORS

y

The resistor to be measured is connected between points [x & y].

The variable resistor is rotated until the Bridge Circuit is "balan-

ced" (no Galvanometer current). The "bridge equation" is then used

to determine the accurate value of the unknown resistor.

BALANCED
10 3.5

10x = 3.5
10". kt

3.5A

00.1
x =

0.1

More advanced Wheatstone Bridges will have a series of fixed

precision resistors, or "calibrated resistance bars", which can be

plugged-into the Ri and R2 positions. The R4 position may be occu-

pied by a group of "switchable" fixed precision resistors, called a

Decade Resistance Assembly.

37
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A-37 a. unbalanced and if the Galvanometer is a VERY sensi-
tive one, only a slight variation of one of the resistors
will cause a large meter deflection.

b. True see answer above.

USES OP BRIDGE CIRCUITS (Temperature Control)

A "thermistor" is a special type of resistor. Ws resistance

(ohms) *aries, with changes of temperature. A "directional-switch",

is a special two-way switch, something like an automobile turn-

signal switch, operated electrically.

In the R3 position of a "balanced" bridge circuit, substitute

a "thermistor". In the bridge-element position, place a "direction-

al switch".

if the temperature changes, the resistance of the thermistor

changes, "unbalancing" the bridge. The directional-switch then

connects electrical power to either the heating, or cooling systems.

As the temperature returns to normal, the resistance of the

thermistor restores the bridge to a "balanced" condition. The

directional-switch then returns to a "neutral" position, (no power

to either system).

The "balance temperature" is adjusted with one of the other

bridge resistors, made variable and calibrated in degrees.

By replacing the "thermistor" with an appropriate sensing

device, many other "control systems" can be developed.

38 683



SUMMARY

Furthur study of Parallel Resistive Circuits and Bridge
Circuits, can be made thru the many advanced publications
available in Technical Library Centers.

The principles of parallel operation learned here, will
be used throughout Electronics training. All advanced cir-
cuita use the parallel connection to provide a common power
source for their operation. Resistors connected in parallel,
can produce a special resistance value needed in some applica-
tions.

The flow of parallel currents thru "branches", and the
formation of a "total current", will be again studied in many
of the circuit types to come. An understanding of these
"currents" is essential to the location of circuit "troubles",
which cause these currents to change.

Bridge Circuits, balanced and unbalanced, Dorm the center
of many types of test-equipment to be used in calibration and
troubleshooting. They are used in complex Electronic circuits
of all kinds. Transmitters, Receivers, and Control Systems
often employ the principles of Bridge Circuits in unusual ways.

Parallel Resistive Circuits SIDE -BY -SIDE in Electronics!:

NOTES

39
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Kees ler Mr Force Base, Mississippi

ATC GUIDANCE PACKAGE 3AQR3X020-X
KE P- GP-8

November 1975

MODULE 8

PARALLEL RESISTIVE CIRCUITS

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE

Overview
List of Resources
Adjunct Guide
Module Self-Check
.1nswers

OVERVIEW

1. SCOPE: It is often necessary to connect
several electrical devices across a single
power source so the full voltage of the power
source is across each device. Such a circuit
is a parallel circuit. This module discusses
Kirchhoff's law and applies it to a parallel
circuit. You will solve DC parallel resistive
circuit problems for resistance, current, and
power.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the
following objectives:

a. From a group of statements, select
the ones that describe Kirchhoff's law for
current and for voltage.

b. Given a parallel circuit schematic dia-
gram and formulas, solve for:

PAGE

i
1

5
6

c. Given a bridge circuit schematic dia-
gram, make necessary calculations to deter -
mii.e whether the circuit is balanced or
unbalanced.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text KEP-ST-1
Programmed Text KEP- PT-8

AUDIO-VISUALS

TVK 30-101P Parallel Resistive Circuits
(Analysis)

TVK 30-101Q Parallel Resistive Circuits
(Power)

TVK 30-10IR Resistive Bridge Circuits.

(1) total resistance. SELECT ONE OF THE RESOURCES AND
(2) total current. BEGIN YOUR STUDY OR TAKE THE
(3) total power. MODULE SELF-CHECK.

Supersedes KEP-GP-8, I February 1975. Use old edition until supply is exhausted.
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ADJUNCT GUIDE

INSTRUCTIONS:

Study thu referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers in the back of this
Guidance Package.

U you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to Student Text Volume I and read
paragraphs 5-61 thru 5 -78. Return to this
page and answer the following questions.

1. A parallel circuit is defined as

2. In a parallel circuit Ea, El, E2, & E3
are always

3. In a parallel circuit It =

4. The formula for finding Rt for 3 resistors
is

5. The formula for finding Rt for 2 unequal
resistors is

6. For parallel resistors of equal value use
Rt

1

7. When two 50-ohm resistors are connected
in parallel, the equivalent resistance is:

100 ohms,

50 ohms.

25 ohms.

5 ohms.

8, When three resistors having values of 10,
20, and 30 ohms are connected in parallel,
the equivalent resistance is:

ohms.

More than 30 ohms.

Leas than 10 ohms.

c, Less than 30 but more than 10

- d. 20 ohms.

CONFIRM YOUR ANSWERS

B. Turn to Student Text Volume I and read
paragraphs 5-79 thru 5-101. Return to this
page and answer the following questions.

1. What form of Ohm's Law would be used
to solve for the applied voltage in a parallel
circuit?

I b. E = Ra. Ea = R a I

c. Ea = Ift d. Ea = I + R

2. In the diagram shown, if another resistor
is placed in parallel with R4, what happens
to total power?

RZP4 -850

a. Increases.

.- b.

687

Decreases

c. Remains the same.

d. Depends on the applied voltage.

" 7 7



3, The applied voltage is:

--. a. 324 volts.

.---, b. 110 volts.

--. c. 55 volts.

d. 9 volts.

RICP4-051

1.5 ka.

4. What is the total resistance?

-- a. 29 k ohms

-- b. 12 k ohms

. c. 4 k ohms

d. 2 k ohms

is k . n . i 20 k aS 14 k A .

5. the total current is:

__ a. 33 mA

b. 36 mA

c 34 mA

. d. 22 mA

REP/ -853

6, What is the applied voltage?

... a. 30 V

.... b 50 V

.--, c. 70 V

. d. 90 V

1a mA

111
7. Rt equals:

a. 1.25 k ohrns

,.__ b. 2.5 k ohms

..-- c. 5 k ohms

d. 10 k oltItt?s

8. What is the total resistance?

a. 5 k ohms

b. 6 k ohms

c. 8 k ohms

d. 9 k ohms

7 k.n.-

2 k.n.

ft-

10

2 6S
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0. What is total current?

a. 20 mA

b. 30 mA

darm c. 40 mA

d, 50 mA

12 Itri.

10. What is total power dissipated?

a. 5000 mW

b. 2000 mW

- c. 500 mW

d. 20 mW

REP 4-859

11. U another branch is added to a parallel

circuit, It will

and Rt will

CONFIRM YOUR ANSWERS

3

C Turn to Student Text Volume I and read
paragraphs 5-102 thru 6-114. Return to this
page and answer the following questions,

1. Identify the conditions of the balanced
bridge circuit.

Ea

REP4 -937

- a. Current flow through the
galvanometer an.', no difference of potential
between point A and B.

- b. No current flow through the
galvanometer and no difference of potential
between points A and B.

c. No current flow through the
galvanometer and a difference of potential
between points A and B.

2. The bridge circuit shown may be used
as a Wheatstone Bridge to measure

- a. Current.

- b. Voltage.

- c. Resistance

..--.

689

d. Power.

REP 4-861
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3. Decreasing Ea will: 8. What is the voltage from A to B7

a. Increase current from A to B. .-a 25 V

b. Increase current from B to A. b. 2 V

c. Decrease current from A to B. c. 27 V

d. Have no effect on current from d. o v
A to B or B to A.

100kr,

a

50kr,

REP 4-862

4. U the voltage applied to a bridge circuit
is Increased, the current through the gal-
vanometer will:

a. Increase, if the bridge is
balanced.

b. Decrease, if the bridge is
balanced.

I
4knR

R)
. 8 kA.

A 8

2 R4
6kit.. 10k.a.

REP 4-863

=45V

7. Current flow will be from:

a. B to A.

- b. A to B.

8. In the circuit shown, the current through
c. Decrease, if the bridge is the galvanometer is:

unbalanced.

d. Increase, if the bridge is
unbalanced.

5. In order to use the bridge circuit to
measure unknown resistances:

- a. There must be no variable
sistor.

b. One resistor must be variable.

c. Two resistors must be variable.

d. Three resistors must be variable.

a. Zero.

b. Flowing from A to B.

Flowing from B to A.

Greater than IR3

4 690



0. 11 the current through the galvanometer 3. In a parallel circuit It .
is zero, what is the resistance of 113?

_. a. 3.3 k ohms

... b. 6.7 k ohms

c. 13.3 k ohms

--- d. 20 k ohms

10. For the bridge to be balanced, the
resistance of R9 must be:

a. 3.3 ohms.

b. 30 ohms.

c. 90 ohms.

d. 120 ohms.

R2
23A

R4

REP 4-867

CONFIRM YOUR ANSWERS

QUESTIONS:

11.
9. Kirchhoffs Law for current states that

5. Kirchhoff's Law for voltage states that

6. In the circuit shown,

a. total resistance =

b. total current =

c. total power =

Remember E = IR & P = El

REP 4-868

IR2 = '12 mA

7. The bridge circuit shown is (balanced)
MODULE SELF-CHECK (unbalanced).

1. A parallel circuit is defined as

2. In a parallel circuit Ea, El, E2 and E3
are always CONFIRM YOUR ANSWERS

5
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ANSWERS TO A - ADJUNCT GUIDF

1. A circuit with two or more devices
connected across the entire voltage
source; a circuit having more than
one path for current flow.

2. equal

3 Xi f I2 + I3

4. Rt= 1

1 I 1

RI + R2 + R3

5. Fit= RI x R2
El 7R2-

R
8. Rt

N

7. c

B. b

If you missed ANY questions, review
the material before you continue.

ANSWERS TO B - ADJUNCT GUIDE

1. c
2. a
3. d
4. d
5. a
8. a
7. b
B. a
9. d

10. b
11. Increase-Decrease

U you missed ANY questions, review the
.uaterial before you continue.

ANSWERS TO C ADJUNCT GUIDE

1. b 8. b
2. c 7. b
3. d B. c
4. d 9. b
6. b 10. d

If you missed ANY questions, review
the material before you continue.

ANSWERS TO SELF-CHECK:

1. A circuit with two or more devices
connected across the entire voltage
source. A circuit with more than one
path for current flow.

2. equal
3. I 1 4 4. 1 312
4. The sum of all current s flowing to

a point must be equal to the sum of
all the currents flowing away from
that point.

5. The applied voltage is equal to the sum
of the voltage drops around the circuit.

8. a. 8.87 k ohms
b. 45 mA
c. 13.5 W

7. balanced

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT, REVIEW
THE MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU
HAVE, CONSULT YOUR INSTRUCTOR
FOR FURTHER GUIDANCE.
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Radar Principles Branch
Keeeler Air Force Base, Mississippi

Programed Text KEPIPT-9
Prepared bitgrer TTC

November 1975

Electronic Principles

Module 9
Series-Parallel Resistive Circuits

Most circuits in electronic equipment are combinations of series and parallel
compensate. A cerise-parallel circuit consists of groups of parallel empanel.
connected in aeries with other components, and have both series and parallel paths
for current flow. It is important that you as a technician know the operation of
series-parallel circuits, know whLt is expected at various points in the circuit
so that when mil:unctions occur you will be able to isolate these malfunctions and
correct them.

OBJECTIVES

1. Given a series,parallel circuit schematic diagram and formulas, solve for
total resistance, total current, total power, and individual voltage drops.

INSTRUCTIONS

1. This programed text is presented in frames. There are two frames on each
page. Each frame should be completed in the following sequences

a. Complete only the top frame an page 1. Tarn the page and check your
answer.

b. If your answer is not correct, return to the problem and find your error.

c. Complete the top frame on page 3, and check your answer..

d. Upon completion of the top frame of the last page, go back to Page 1 at
the front of the book and complete the bottom in sequential order front
to back.

2. When you have completed the last frame, work the additional practice problem,
if you feel that you need them. If not, complete the Module Self-Check.

CONSULT TOUR INSTRUCTOR IF YOU t HELP

Supercedea KEP6M9, 1 February 1975. Previous editions ms4P be used.



INSTRUCTIONS

I. This is a programed text and material is presented
in trawl. There are two frames on each page. You will
complete each frame in the following sequences

a. Complete the top frame on page 1.

b. Turn the page.

c. Check your answer on the back of page 1 (Feedback).

d. Complete the frame on page 2, etc.

e. Upon completion of the top frame of the last page,
go back to page 1 at.the front of the book and
conplete the bottom in sequential order front to back.

2. Make sure each response is checked after each answer.

3. When yam have completed the last frame, continue to the
Test in back of the book.

4. Complete the tbdule SelfCheck.

ii



Simms - PARAt.t.et. DC Cineuers DX-ow:

1. A circuit with both SERIES and PARALLEL paths for current

flow is a Series Parallel Circuit.

When there are both Series and Parallel paths for current

flow within a circuit that circuit is known as a S

P circuit. (Answer on next page).

semmmmillp.

0..mal *060.x.....

R3

To solve for total current in the above circuit, we would use

Ohm's Law IT E We know the applied voltage is 64V

RT
and we have found that the total resistance is 16ICA. All

we need do now is substitute in the formula.

Solve for IT. (Show Work)

IT

1

Turn page for correct answer

696
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- Semis- PA*Ai.t.st. DC CIII4A11,11 eXm1/0

la.

SERIES PARALLEL CIRCUIT

24a.

E

IT' ET
8T

itirc 6 x 10° 4 x 10-3 aroma
166 x 10.1

2 697



Simms - PANAut.st. DC Ceacuifs BX.ssue

2. Below are some schematic representations of Series-

Parallel Circuits.

i(0)
Ri

F14360

R3

R5

Figure 1 (a) is a schematic repre
sentation of 'a S

The circuit in 3 (a) is called a

circa t.

Tern page for answer milliew.
25. According to the Series Circuit current rule, total current

or 4 ma of current will flow through all components

connected in series; therefore, 4 ma of current will flow

through the

component.

Kilresistor since it is the series

3

R3
OKA

Tern page for correct answer
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%Roes - PARALLEL. CPC CIRCUIT3 BX.Issta

2a.

SERIES PARALLEL CIRCUIT

SERIES PARALLEL CIRCUIT

4. r r rem. ....... =ago r. . .. . * rw. .

25a.

10K resistor

6fA
4

Imoll

OM%



Sr

3. flq. 461)
Fig. #4

SIMMS PAPIA1.161. DC C10001141 BX940110

In Figure 4, R1 add R4 are the components that are in

series. R2 and R3 are in P . We call this

circuit& circuit.

Turn page for correct answer '

o mm..mom ra. mo..0=MM. gmlMm m .. 0.mow.....

26. Now that we know the current through R1 (total current)

we may use Ohm's Law formula for finding the voltage drop

across R1.

E I X R ER2 IR2IR1. ER1 P 4 ma X 10K

ER s, X 10-3) (10 X 103) .P 40 X 10° or 407

We use only the values pertaining to the

component that we are working with to

solve for individual values. If we are

solving for the voltage drop across Ri
64

we would use only the values that pertain

to

Fig. #10a.

RI

Turn page for correct answer
5 m11110-

700
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Semis - PANALLei. OC CINCUMI BX-twoa

3a.

PARALLEL

SERIES PARALLEL

26a.

6
701

69a



41.3

SIMMS PANA6666, DC CIRCUIT, BX,181104

4. Xf both aerie. and parallel paths for current flow'is

provided in a circuit we call that circuit a

circuit.

Turn page for correct answer
an11111.-

27. 'In a simple series-parallel circuit like the one that we

are dealing with we may use Kirchhoff's voltage law to

find the voltage drop across the parallel branch. "The sum

of the voltage drops around any closed circuit equals the

applied voltage.//

Since the applied voltage in this circuit

is 64V, and 40V was dropped across R1 we can

subtract 40V from the total voltage and thus

find our voltage drop across R2 and R3. E loss
R3

RT Ri m R2,3 n WK

64V. 40V.. 24V

Voltage dropped across the parallel branch is V.

In a parallel circuit the voltage is the same across each

branch, therefore, if 24V is felt across R2 we will also feel

V, across R3.
7
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&nits PARALIJI. DC el:ICUITII BX1941

4a.

mass PARALLEL

27a.

249

249

g 703
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4 fr
Sans is - PAnALLgs. DC Cs ncures DX- Ism

5. Draw two ischeMatic representations of Series-Parallel

Circuits.

Turn page for correct answer

26. We may also use the formulaE..IXRto find the voltage

drop across the parallel branch. This is our series

equivalent of the circuit Fig. #10a. If 4 ma of total

current flows in the circuit and the equivalent resistance

of R2A is 61C11 , we may use the formula E I I R (using

the equivalent resistance and total current). Ri

101C11
Fig. KM

641V

10K41

OKA
R3

MMi.migM

ROM

T.

R21
6Ka

SIlve for the voltage drop of R2 and R3.
(Show work)

Turn page for correct answer

9 mmmErmimmilaw
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Se NUM PARALLei. DC Cirse.orr BX-Issea

5a.

The above circuits are two of the many possible schematic

representations of series parallel circuits.

28a. E1XR
ER2,3= 111203 X R2.3

ER2,3m (61C11 )

ER2,3m (4 X 10'3) (6 X 103)

ER2,3= 24 X 100

ER2,3= 24V

10

705
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Scrnu PANALLEL DC CiNCUITS ex- ISM

6. Series parallel circuits may look complicated but any

circuit no matter how complex can be broken down into

its Series, Circuit, equivalent. Below is an example of a

complex looking Series-Parallel circuit and its series

equivalent. Once the circuit is broken down into its

it is very easy to find the resistanceMEI.
total of the circuit.

Fig.664 RI

1

R3

3K171

497

This is what the power source actually sees
EmmommEmmON

29: Now, we may again use Ohm's Law for calculating the

current through R2 and R3, keeping in mind that in a

parallel circuit "THE SUM OF THE BRANCH CURRENTS MUST EQUAL

TOTAL CURRENT." To find current through R2

I RE' 1R2 -ER2 . Fig. 10(a) RI

R2
10 )(

(Show Work) EA
171

T
ma current through R2.

R2
10Ka

Turn page for correct answer

11
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SIRIUS - PAPIALIAL DC CIRCUITS 9 )re1 MO i

6a.

SERIES EQUIVALENT

29a. I
..E"ir

I R .6 2 X 10° =2.4 X 103or 2.4 Ina
2 10 X 10

12

707



Pig. 6a.
11,

SIMKO PANA1.1.111. DC CIONI01111 8X -tit

Fli. 641 R

R3

3KA

Let us study Pig. 6a, Since Ri is in series, and R2 and

R3 are the components that are in parallel,,to solve for

RT,,let us begth(with'R2 and R3 since they are farthest

from the power. source. These resistors are in parallel

and are of unlike value; therefore, we will use the Product

over the 2gm method to solve for the equivalent resistance

of the two branches.

RT Ri X R2 is the formula for the P over

R1 * R2
the method. Turn page for correct answer

emwwwwwempow.

30. MIAO(.) RI Fig. 10a.

If according to Kirdhhoffts Law the sum of the individual

branch currents must equal total current, and we have 4 ma

of total current in the circuit, with 2.4 ma flowing thro4gh

R2 then we should have ma flowing through R3.

Turn page for correct answer
simmommm110-

13

708
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PANALAAL. DC ClleCiarTBXmolnet

7a.

PRODUCT OVER THE SUM METHOD

30a.

4.0 ma of total

-2.4 ma through R2
1.6 t rough ft,

14

709
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9011111 PAP/AS.1.11. DC CONICIIIIT4 BX13.91

8. Substituting in our formula using RI Fig. #6a.
the product over the sum method we have

RT .IL R2 R
RT m R2 X 113, IOKA

R2 R3
LX

7IC + 31{ 7KA 3KA

Converting to powers of ten we have

(7 X 10) (1,X 10) m 21 X 106 s 2.1 X 103 or 2.1Ka
(7 X'103)+(3 114 10 1 103

Fig. #6b.

Our circuit now looks like Figure 6b. AAA
ARI 10IK

To find the equivalent resistance of the

two components of unlike value in Fig. 6a:"Ir'

we used tha over the method.

Turn page for Correct Answer

R2,3

2.1 KA

31. We may also solve for 1R3 by using Ohm's Law and the

values that pertain to R3.

1 E Fl .M060 R

ER
3.."3 64V

R
3

Solve for 1R3 (Show work)

Turn page for correct answer

15

710

R3

OKA
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SRISSI PARALLUL DC CIACUIT 0X - 4o

8a.

Product over the Sum Method

31a. I E-r-

R
3

IR3 w. IR

3
As 24

X
X 10° or 1.6 X 10-3 or 1.6 ma

15 10,

IR, 1.6 ma of current.

3.6

711



Simms Pmem.a.ra. DC Cumuli.* EIX- ism

9. Our florist) circuit resistance formula may now be used.

RT Ri + R2 + R3. Substituting RT Ri + R213

RT m 100+ 2.1KA RT 12.10

We have broken the circuit in Figure 6a. down into its

Series, equivalent.

Any circuit no matter how complex can be broken down into

its, equivalent in order to find RT.

Turn page for correct answer
vommm...111001.

32. NOTE: We have now solved for all the missing values in this

circuit. Pill in the missing values.

Fig. 0(o)

EA
64V

RT

IT

R3 'El

1 K ER1

1E2

ER2

1R3

ER3

Turn page for correct answer
mormr11110.
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Santis - PANACEA. DC CIRCUITS BX.1203

9a.

SERIES EQUIVALENT

32a. RT 16K11

IT kJa& .

IR3.°a
ER3=4.0

IR 2_:ina
r22-4__Y_
.IR3 1.6 ma

ER3_42._

18
713

70d#
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10. Fig.

Seeria PARALL.m. D6 Cureurre DX. gam

R

5

When there are two resistors of unlike value in a circuit,

we use the Product Over the Sum Method to find the equivalent

resistance of that branch.

To find the equivalent resistance of R1 + R2 in Figure 7a,

WO would 1130 the P over the S method.

(a) The equivaalent resistance of R1 + R2 is K.

NOTE: If you did not do this correctly turn back and review

what you have read.

R4

4KS1

0441mmss

33. Fig. Ala.

EA
RKti

In Figure lla. total current leaves the negative side of the
power source, a portion goes through Ritthe remainder goes
through R2 and Rio combinesIand total current goes
through RI, beforb returning to the positive side of the
power source. Our series equivalent of this circuit will
look like this. R4

Fig. 11b.

Total resistance of the circuit can now be foun
the Rt of the circuit?

K.

19

R42,3

What is

Turn page for correct answer
MMEMMEMEMOW
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SWIMS PAIIALIAL DC Cerecurri BX-tsoa

10a. Product over the sum.

(a) RT m R X R2 d i t X 2KA (6 X 103) ( 2 X 103)

Ri + R2 8K + 2KA X 103 + 2 X 103

16 X 106
m 1.6 X 103 or 1.6KA103-70

33a. R4 is the series component.

R1 is in parallel to R2,3 which are in series

therefore R2,3 are additive

5K+ 5K m 5 X 103 + 5 X 103 10 X 103

Ri 10K

R1,2,3 i°11-4. 51C

RT R1,2.3 4. R4 4.* 5K + 1 0 K me 5 X 103 + 10 X 103 m 15K

RT

20
715

70



11. Fig. #7b

Semite PANAL.1,111, DC CIRCUITS 113X+11011

Rio2

1601
R4

4KII

R
3

and R
4

are also in parallel and are of unlike value:

therefore, we would still use the PRODUCT over the SUM

method to solve for the equivalent resistance of these

two branches. Using this method, we find the equivalent

resistance of the parallel branch to be Ka.

(Show Work)

(Turn page for computations)

7407

34. The circuit in Pig. #11a. is more complicated than the

others we have studied. Please keep in mind that the

values to be found do not have to be solved for in the

order they are listed. It would be easier to find the

current and the voltage drop of the series components

first. What is the I
T of the circuit? (Show Work)

Turn page for correct answer

21

Fig. #11a

716



.

SOUKS .. PARALL111. DC CIRCUITS 13X+1341

11a.
RT B R3 X Rii. is 6X X 4K 8. (6 X 103) (4 X 103)24 X 106e,

R3 + Rit 6K + 4K (6 703-) + (4 JT37) 101

2.4 X 103 or 2.4 KA

34a. EA Ill 450

RT I. 1511

IT
RT

45 X 10° 88 3 X 10-3 111 3 ma
13

22 717

7 4 04



PANALIAL DC C411C11IT BXeliNt

12. After finding our equivalent resistance of R3 +

we should now have a circuit that looks like this.

Fit. #7c.

R3,4

2.4KA

We can now employ our Series Circuit resistance rule to the

circuit and add the resistances.
This is what the power source sees.

RT R1 R2 4' R3 4' R4

RT 1.61. + 2.4K + 3i

R

Fig. #74.

TUrn page for correct answer
mmEmmommmer.

70

62.34.5

35. Now that we have a total resistance and total current, we

know the amount of current that flows through R4 since it

is our series component. It is easier now to solve for

ER4 using the formula E I X R. ER4 IR4 X R4

Fig. # lla.

ER4
V. EA

45V

5102

Turn page for correct answer

23

718



SS MU .- PARAIL.I.M. DC CencutT 8X um

12a.

71ca

35a.E=IXR
ERA= IRS X R,

"
ER4.= 3 ma X 10X11

ER = (3 X 3.0-3) (10 X 103)
4.

ERA" 30 X 10°

ER =4 30 V
4.

2.4

.,

719

7/4
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13. Fig. #Sa.

7//
SIMMS PAOIALLIL DC Cimeurrs DX -nos

R4

20K11

RI 22KA

R3

80K11

In Fig. #Sa. li is the series,resistor. R2, R3 also Rit,

R
5
are of like value; therefore, we will use the Like Method

to solve for the equivalent resistance of these branches:

The formula Rt 1. For R2,3 we say Rt gh Rt 1.4p
Rt I, 40KAis the equivalent resistance of 82,31

Using the L 14 we find the equivalent

resistance of R, to be KA (Show Work)

Turn page for Correct Answerip.
36. Since R1 is in parallel with R2 and R3 which are in series,

we know that according to our parallel circuit voltage rule,

R
1
will feel the difference between total voltage and the

voltage dropped across 114, and that

ER2 and ER3 voltage will add up to

equal that same voltage since they

are in series, but are parallel to

R1.

ER 45V - 30V or
1

V. What is

the voltage drop across RI

FOR1 ,,MMII17.

25

5KA

Turn page for Correct Answer
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SCRIMS » PANIAIA.M. DC CIRCUITS

13a.

(a) ion

LIKE METHOD

RI ,,,, 20R RI se 10K11

36a.

ERi E? ER4

on 45V 30V

= 15V .

ER = 1SY

26
721

712,



7/3
Suits PAnAu.a. DC Comeuirs DX-Ism

14. If .your answer was 10 Knot equivalent resistance for

R4 and R5 you were correct.

NOTE: If you failed to get 10 Xfl you have forgotten thg Like Method.

Let us review quickly. If all the components are of like

value, we can use the like method RT R stands for

the value of either of the resistors since they are all

alike, N stand for the actual number of resistors that

are of like value. If we had 4 - 12 K resistors we would

use the formula RT 1 RT

The total effective resistance of the circuit would be

kn.
Turn page for Correct Answer

MEMMEMMEMMOI.

37. Now that we know the voltage drop of R1, us can use Ohm's

Law to nave for the current through R1 by using the

formula IR1s,

Solve for the current through R1

Fig.

Turn page for Correct Answer
wm........m.

27
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SCAMS 4 PANA61.16 DC CIRCUIT* BX 1104

14a.

37a.
IR1

/at 13-X-1-4 1.5 X 10.3

alt 10 X 10.1

1.5 ma

26

723



Samies Paamt.lai, DC Cm:um DX- nos

15. Let us go back to Figure ea. Atter finding the equivalent

resistance of R
4
and R5 to be iozn , our circuit now

looks like this

To find the equivalent resistance of R2 and R3 we now would

use the L r _ti

Turn page for Correct Answer

36. Since we have found the current through R1 and we know

that the balance of the total current will flow through

R2 and R3 because they are in series yet are parallel to

Ri, we merely subtract Ri current from total current:

thus giving us current for R2 and R3.

Solve for IR2 Fig. lla.

1113 R4 3

Turn page for Correct Answer

29

724

5Ka

1.111"1.



Scums PAAm..t.a. DC Cencturre 13X-Isfia

15a.

LIKE METHOD

38a. ID
2,3

(Series Components)
"

1112.3 IT IR1 3 ma 1.5
1.5 ma

30
72 5
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SOR1( PARAI.1.111. DC CIRCUS'S SX111881

16. R2 and R3 are also of like value and they are also in

parallel. We use the L to solve for

the equivalent resistance of these two branches. Since we

used the to solve for the equivalent

resistance of R2 and R3 we found our equivalent resistance

to be KO, (Show Work)

Now we have a circuit that looks like this:

ONO

22KaR.*sow

'horn page for Correct Answer

R2,3
40K11

39. Now that we have solved for the current through R2 and R3,

we may use Ohm's Law to calculate for ER2 and ER3 by

applying the formula E I X R

Solve for Ep (Show Work)

Fig. # lla.

Turn page for Correct Answer

31
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&RISS PAOIALLRL DC Coteuers EIX 1 MS

16a.

Like Method

Like Method R

40Kil 80 K

RT in 40 Kil

39a.E..IIR
ER2 IR2 I R2

ER2.. 1.5 ma I 5K

ER2 (1.5 X 10'3) (5 1 103)

ER2l. 7.5 1 100

ER2.. 7.5

32

727
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SWIMS PANAUAL DC CINGLIMS OXON'S

17. Now that the circuit has been reduced to its series

equivalent, we may now employ our series resistance

rule to solve for total resistance.

RT n1 + n2 + R3 RTC 22K + 40K + 100K

RT
Kit

Turn page for Correct Answer

40. Solve for (Show Work)

Fig.illa.

Turn page for Correct Answer

33

728
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Sinit ''"' PAFIALIAL DC CIRCUITS 6)C..636.2

17a.

72Kit

40.2.EisIXR
ER3 11. 1R3 I R3

ER3 ui 1.5 ma X 5K

-
ER3 mi. (1.5 X 10-3) (5 X 103)

ER3 a. 7.5 X 100

ER3 m 7.5V

34

729



SCRUM PARAI.1.61. DC COPICUIVII 9X111161

18. Calculate the total resistance of the circuit below:

Fig. #9a.

RT

R4
2101

Kid

Turn page for Correct Answer
.........lo.

41. We have now solved for all of the missing values in the

circuit of rig. #11a. We have used Ohm's and Kirchhoff's

Laws to do this. Now fill in the missing values in the

circuit below:
Fig. #11a.

E
A

ER3

RT
IRS

RI

151011
ER4

ON
IR].

ER1IltrI
ER2

IR3 Turn page for Correct Answer
15

730
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Smite .. PARMA". DC CONCUITO 9X-ryas

18a. RT um R3 X R4 .. 8K X 2K

R3 + R
4,

8K+ 2K

or 1.6Kil

R.: Ki X K2 is 3K X 6K

Ki + R2
R5 9ICD,

.RT - Ri, + R2 + R3

3K + 6K

RT K1,2 + E3,4 + R5

Pi 2K + 1.6K + 9K

RT 12.6K11,

(8n03) (2n03) - 16x106 - 1.0:0
(87370)+(2x-70) iscao3,

(3x103) (6no3)-igno6-2no3 or 2K11

(3x70)+(05.7) 9X103

41a. EA _z,252_

RT __130.K

IT ma

I
R1

_ 5 La_
ER37151/__

IR2_3Lna

ER2_301.1

1R3 --kila
ER, _1(21._

IR4
ER4 WV

IR5

ER5

2 ma

2 ma

36

WV
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Semis - PANALIAL DC Cumuli.. BX.Issea

19. Calculate the total resistance of the circuit below:

Fig. #9b.

RT

Turn page for Actual Computations

42. Total power dissipation in a series-parallel circuit is

found by adding the power dissipated by each resistor.

The formula to use is PT PRi + PR2 + PR3 + PRs

The formula for finding total power dissipation in a series-

parallel circuit is PT

Turn page for correct answer

37

732

723



SCRIMS PARALL.111. OC CIRCUITS BX-INOS

19a. R1 , 9K

115 9K

113 + R4 1.0K

RT R3R4 X R2 0, 10K X 15 K 150 X 106 so 6K

R3+114+ R2 10K + 15K

RT R1 + R29394+ R5
RT is 9K + 6K + 9K

RT 241C11

laa. PT PRI + 12112 + Pa3 + pps

.3e 733

7A.4/



20.

SCRIM" PARALLEL DC Claculy

Current.and voltage in a Series parallel circuit may

be found br using Ohm's Law along with.Kirchhoff's voltage

and current Laws. The first value to solve for in any

circuit is TOTAL RESISTANCE.

When solving for unknown values in a, circuit, the first

value.to solve for is T

7A5

43. Example:

Pig. #12a.

2K.11

P
T

R2

If Pit
1

dissipates 75 mw of

power and PR2 dissipates

75 mw of power and PR

, dissipates 50 mw of power, we

can find total power dissapation

UNQM by adding

IIM

pRi

PR2

PR3

75mw

75ma

50mw

MW

Turn page for correct answerm
39

734



Scoots - PAPIAL.k.a. DC Concurrs BX.olso2

20a.

TOTAL RESISTANCE

43a.

200 mw

'40 735

0.,



Ogrog PA0A4.1111. DC Cipiaurre exmel

21. Once total resistance in a circuit is found, we may then

find TOTAL Current if total voltage is given, using Chm's

Law.

I I m ET

RT

If total voltage is given in a circuit and we have found

total resistance, we can find T C

using 0 Law.

44. To solve for individual power dissipation in a series-

parallel circuit we use one of the three power formulas

that we were previously taught. We useP.IIIEif current

and voltage are given. We use P I2R if current and

resistance are given, and we use P if voltage voltage

and resistance are given. If we have voltage, current and

resistance given, we may use EITHER of the three pouttr

formulas.

When voltage current and resistance are given in a aeries-

parallel circuit, we may use (one of, either of, note of)

the three power formulas. (Choose correct answer) roal.

41

73 6



Simms - PAnAu.si. DC Cineuers BX- !Ma

21a.

TOTAL CURRENT

OHM, 5 LAW

I.

44a.

'

EITHER

42 737

a.%



&NIKO PAIIALLIM DC Clef:WITS 1!X111011

22. Fig. i10a.

To solve for all unknown values in the above circuit,

we would first solve for RT. (Resistance total)

Solve for RT (Show work)

45. Fig. 013a.

In the following circuit

we are given enough

values to solve for

PR , PR3 and PT.

(Show Work)

Solve for

PRi

PR2

R3

P
T

Turn page for correct answer

43

738
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SERI OM - PARALLEL. DC CIRCUITS BX*1,1142

22a. R2.3 RI X R3,
R2 + R3

R20 = 10Kfl X 13Kil ... (10 X 103) (13 X 103) 130 X 106..
3.0K + 13K (3.0 X 103)+(13=C3C) ---723

6 X 103 or 6K11

Ri, .. Ri + R23 .. lout +61C11 = 10 X 103 + 6 X 103 16 X 103

or' lart

43a.P=IXE
PRi m IR1 X ER1
PRi all 3 ma X 10V

PRi ' (3 X 10-3) (ionoo)
pRi - 30 X 10-3

PR, = 30 mw

P..IXE

P IXE

PR2 XR2 X ER2
PR2 = 2.3 ma X 30V

PR2 = (2.3 X 10-3)(30 X 10°)

PR2 ' 73 X 10-3

PR2 = 73 at

PT PRi 4. PR2 + PR,
PR, = IR3 X ER3 PRi = 30 rata

PR3 = 2.3ma X 30V
PR2 73 Tr"

pill ..
X

(2.3 X
io

10-3) (3on.00) pR3 - 73 WO
tt; 73 3

pR;
:

73 mw PT 0. 200 ow

44

739
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&NMI PA0ALIAL DC Clamors Mom:

23. Applied voltage is given in the circuit as 64V. We

found equivalent resistance to be 16KA. Wmay now

use Ohm's Law and solve for total current. Ohm's Law

current formula is I 1_ , for total current we say

RT

To find total current in a circuit we use Ohm's Law

formula IT "

46. In the following circuit solve for the following power

dissipations:

P
R
1

PR2

P
R3

P
114

FT

Fig. #14a.

Turn page for Correct Answer

45 mo&-=NIPIP

740
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SERIES PARALLEL DC CIREUITO BX,Ditsta

23a. I
T

E.
RT

46a. p 12R

PRim. I1 X Ri

PR). - C571142 (91C11 )

PR). (5 X 16'3)2 (9 X 103)
PRI. (25 X 10'6) (9 X 103 )

PR). 225 X 10'4

PRI. 225 my

P -12R

PR3' 12 R3

PR3' (2ma)2(5 K

PR3- (2 X 10-3)2(5 X 103)

PR3- (4 x 10-6)(5 x no)
PR3- 20 X 10"3

PR3' 20 nil

PTs PRif R2 PR, 4. PRI.

P I2R

PR2.1
I2

X R2
PR2" (311w.)2 (10 KA )

PRig (3 X 104'3)2(10 X 103)

PR2 (9 X 106.6) (10 X 103)

PR2 90 X 10'3

PR2.1 9° Ulf

P 12R

PR R
4 4 4

P94' (2 ma)-
1

(10KSI )

PR4' (4 X 10-6) 10 X 103)
Pv 40 X 10-3
PR4- 40 NW

PR). 225 law

PR2 91111/

PR3- 20mw

PRI: 40 rig"'

PT 375 rat
46

741
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Sams* Poatuaan. OC CIRCUITS BX10011

NOTE: Turn back to Page 1 and continue working

.4111

47. In the circuit below, solve for power dissipation using the

appropriate formula, (Show Work)

PRl
Fig. #15

PR2

rt,

PT

NOTE: If you finish this part of the text before the

allotted time, do the additional practice work that begins

on the next page.

Turn page for, correct answer

emeememe.

47
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Stmts. PARALLEL DC Ctnaurrs INC-isos

47a. P 4 P, E1r2 P"+

Pk gq. P 'I' E
2

P me Ei
R2 R3 ..a.

R3PRi ° ( OV 2

PR "90 X 0° PR2.. (30V) PRi qgv)2
1 12X 10 12K

Pitlim 75 X 10-3 PR:m 'Male PR
3

200im 01,L.0 0°
4 12 X 10) X 10.1

PR3 50 X 10-310'3 iPk' 75mw PR2" 75 X

PR 75mw %. 50 mw
PK: 75mw 2

PR
2

75 rat

PR3 50mw

PT 200rat

48

.
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Solve for:

RT----
IT-___---

IR1

In-2_

ER2
IR3

ER3

IR4

IR5

IR6._____

Smug, - PAAAUJI. DC CIACUITS 9X ,,110a

Additional Practice Work

Fig. #16a.

R4 R

ER4

ER5--------

ER6
'RT.--
1R8

IR9

ER7
ER8--
ER9

49

10K11

R9

R7

71(11

Re
9Kft

Turn page for correct answers
mr...mmrpow
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SCAMS . P.411.414.0. DC Cu CUITO BX-Isoss

RT gra 20K

IT wa 6ma

IR"- 3 ma
ER. .60v60

IR2" 3ma

ER2In 60V

IR3.1 4 nia
ER3i. 60V

ER4 517

3R5 "a 511

ER6 1"
IR4 as 3"
IR5 as 1214

IR6 I"
12 2ma

ER? ~1v
IR8 2"

50 745

Eite .. 16,

ER i 20V

IR
9

9 2ma

734



Solve for the power

PR
2

PR3

PR
4

PR5

P
R6
pR7

PT

SCRIMS PANAILItio DC CIPICIJITO EIXlaWI

Additional Practice Work

dissipations in the above circuits

Turn page for correct answers

53.





73

SIIIIIII0 PARALIAU DC CIRCUITS OX-Isfsi

Module Self-Check

1. Draw a schematic representation of a series parallel

D.C. circuit using the following circuit values.

EA

R2

R3 15Kil

R4 10Kil

R5 = inn
R6 3Rn

2. Solve for total resistance in the following circuit:

RI

748



SEMI CS PANALIAL OC CIOICUITII BX-sset

3.

Module Self Check

RI

6K R2
ISK
R5

10K

104V.=-

T
R3 Rg
6K

R4
SK

Re
6K

4K
RIO
6 K

RT
18K

Solve for

RT

IT
Ifti
Eitl
IR2

IR3

;tip

ER2

rs3

ER4

54 x 9

79a

..111...



SWIM* PALMA14 DC Ctoculi. DX.issea

Nodule Self..Check



SEPOICIII PAPIA41111. OC COM411111 15X.1211
ANSWERS TO NODULE SELF.CHECIC

1.

R6

The above drawing is one of the many schematic

representations for a series parallel circuit.

2. RT 23.8811



.

.

3.
RT la 13K A

rT eras

rh ems.
ER1 411V

ID I' 2.67=2
43.1 2.67ma

441.2.67ma
ER

2
26.7V

16.v

E
R4. 13.3V

4.
PRi 125mw

PR2 a 37 . 51710

PR3 ill 37.5

PR4 II 30ra

PR5 45nw

PR6 758w

PRT " 350raw

1R5 2.67ma

186 2.67ma

ER5 40V

E all 16V
R6

IR? gli 2.67ma

ER?
- 48V

xRe 2ma

ERe SV

1R9 .67ma

ibir. a. 001/111101124? PRINTING WHIM 101174141110116Ms'ama I

57

Siosse-PA*Autau CC Ctnaurrs BX-isomi

752

X810 .67ma

ER9 all 2 7V

ER10 5 . 3V

793.
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Radar Principles Branch ATC OP 3AQR3X020-X
Koester Air Force Base, Mississippi February 1076

ELECTRONIC PRINCIPLES

MODULE 0

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE PAGE

Overview
. List of Resources

Adjunct Guide
Laboratory Exercise, 9-1
Laboratory.Exercise, 9-2
Module Self Check
Answers

OVERVIEW

SERIES-PARALLEL RESISTIVE CIRCUITS

1. SCOPE: The simple series or parallel
circuit can not perform all of the functions
that are required in todays electronic cir-
cuits. It is often necessary to combine series
circuits with parallel circuits to form series-
parallel circuits. The series-parallel circuit
can appear to be very complex. However,
by the application of the same rules used
for series and parallel circuits, the com-
plex circuits can be reduced to simple equi-
valent circuits. In this module, you will solve
for resistance, current, and power. Practical
exercises will give you practice in measuring
unknown values of resistance, current, and
voltage.

2. OJHECTIVES: Upon completion of this
module you should be able to satisfy
the following objective!:

a. Given a series-parallel circuit
schematic diagram and formulas, solve for;

Supersedes KEP-GP-9, 1 September 1975.

i

i
j

10
11
13

(1) total resistance.
(2) total current.
(3) total power.
(4) individual voltage drops.

b. Using a multimeter and a trainer with a
loaded voltage divider, determine the polarity
and measure the magnitude of a voltage with
respect to the ground reference point within
.10 percent accuracy.

c. Using a multimeter and a trainer with a
three-component series-parallel resistive
circuit. measure within 410 percent accuracy,
the total resistance and individual voltage
drops.

AT MS POINT, YOU MAY TAKE THE
MODULE SELF- CHECK.

LIST OF RESOURCES

To satisfy the objectives of this modllie,
you may choose, according to your training,
experience, and preferences, any or all of
the following:

AI



.
7404

READING MATERIALS;

Digest
Adjunct Guide with Student Text

LABORATORY EXERCISE:

Resistive Circuits 9-1
Voltage Divider 9-2

SELECT ONE OF THE RESOURCES AND
BEGIN YOUR STUDY OR TAKE THE
MODULE SELF-CHECK.

CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE.

. ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers against the answers
at the back of this guidance package.

If you experience any difficulty, contact
your instructor.

Begin the program.

A. Turn to Student Text Volume I and read
paragraphs 5-116 thru 5-121. Return to this
page and answer the following questions.

1. A definition of a series-parallel circuit
is a group of

a. Resistors connected in series
with other resistors.

b. Series resistors connected in
series with other resistors.

- c. Parallel resistors connected in
series with other resistors.- d. Resistors connected in parallel
with other resistors.

2. When redrawing series-parallel circuital

' ..... a. Parallel combinations of resistors
cannot be represented by a single resistance.

--. b. Series combinations of resistors
cannot be represented by a single resistance.

- c. Always redraw them to only one
parallel combination.

4. You are simplifying the circuit.

3. Why can't the branch currents be estab-
lished using the full applied voltage?

---- a. A portion of the voltage is dropped
across the series resistors.

- b. The branch currents are unequal.

c. The voltage drops across the
parallel resistors are unequal.

4. When total resistance increases in a
series-parallel circuit and the voltage is held
constant, the current:

a. increases.

b. decreases.

c. doubles.

d. remains the same.

5. If a parallel combination consists of two
50-ohm resistors and the voltage drop across
them is 20 volts, the total power dissipated
by this combination Is:

a. 9 watts.

--- b. 16 watts.

- c. 20 watts.

-. d. 50 watts.

1
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6. If a parallel combination consists of two
unequal value resistors:

....... a. They willtilasipateequal amounts
of power.

b. The largest resistor will dissi-
pate the largest amount of power.

-- c. /batons& nest resistor will dissi-
pate the largest amount of power.

O. The total power dissipated by
the combination will be the difference . of
the two.

7. The total resistance in the figure below
is

a. 2 k ohms.

--. b. 6 k ohms.

c. il k ohms.

.... d. 33 k ohms.

10ko

IMP4871

9. In a circuit, a 50-ohm resistor is con
nected in series with two parallel resistors
which are 60 and 40 ohms. What is the
total resistance of the circuit?

a. 50 ohms.

.--, b. 60 ohms.

---- c. 74 ohms.

....... dl. 84 ohms.

10. The total current is:

-- a. .25 mA.

13. .5 MA.

.. C. 1.5 mA.

----- IC 2 mA.

RIP4 -873

11. What is the voltage drop across R1 when
IL All of the resistors within the dotted 51 is closed?
line could be replaced by a resistor of:

. a. 100 k ohms.

b. 25 k ohms.

C. 20 k ohms.

d. 150k ohms.I ' I
I

I

I

OWN

I

I

1

100ko

25k

Ma

11I MW ... .. 01N .1. ...
RIP4-072

a. 7.5 volts

b. 15 volts

C 50 volts

----- d. 75 volts

RI Sk a

150V-7 R2 10ka

I

56
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12. The value of R1 is:

a. GO k ohms.

---- b. 20 k ohms.

C. 10 It ohms.

d. 6 k ohms.

R1 R3 1010

100V -= R2 101ga R4 inn 25V

pgr44?6

13. The total power dissipated in the
circuit in question 11 with 81 closed is:

a. 225 mw.----
b. 2.25 W.

c. 22.5 W.

d. 225 W.

14. The total power dissipated in the dr-.
cult in question 12 is:

a. .3 W

b. .6 W

a C. W.

---- a. Voltage source.

u-- b. Current source.

c. Reference point.

IM=1=0 d. Conducting chassis.

2. What is the voltage from point D to
ground?

a. +10 V.

b. +15 V.

c. V.

d. -35 V.

RI

MSP401

3. Using the circuit in question 2, moving
d .12 W. the ground from point "C" to point "D"

will cause the voltage at point "B" to change
CONFIRM YOUR ANSWERS from -15 volts to

B. Tura to Student Text Volume I and read
paragraphs 6-1 thru 6-11. Return to this
page and answer the following questions.

--- a. +10 volts.

b. +15 volts

4.-- C. -1,10 volts.
1. The ground symbol used in a voltage
divider denotes a: ^ d. -25 volts.

757
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4. Which statement is true? 6. U the voltage from "D" to "C" is
»26 volts, what is the voltage at point B

a. Point D is positive in respect with respect to ground?
to B.

b. Point C is positive in respect
to D.

c. Point A and ground are electri-
cally the same.

d. Points B and D are electrically
the same.

5. if I is 2 MA, Ea is:

a. 20 V.

b. 70 V.

=.1 c. 40 V.

d. 61) V.

4

a. 200 volts. c. 76 volts.

---- b, 100 'Oita.

10k a

Mtn

2.50

d.

0 D

AM -880

60 volts.

7. What is the voltage at "E" in respect
to "C?"

a. +120 c. +70 V.

b,' -120 V. - d. -70 V.

758
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7$Z)
CONFIRM YOUR ANSWERS 136 The potentiometer has active

terminals.

C. Turn to Student Text Volume I and read
paragraphs 6-12 thru 6-266 Return to this
page and answer the following questions.

a. Three.

mmm.mm0 111 TWO,

C. Four.
1. A rheostat is a variable resistor which
may be used to vary: d. One.

a. Voltage.

b. Current.

2. A rheostat has active
terminals.

a. Twa.

b. Three.

C. One.

d. Four.

3. which figure identifies a potentiometer
being used as a rheostat?

01.1

d.

REM-084

4. The volume control On your radio is an
examige of:

a. A tapered rheostat.

b. A ;wear potentiometer.

c. A linear rheostat.

d. A tapered wtenGorsisA.Tr.

06 What is the minimum voltage obtain-
able at point A with respect to ground?

a. 112 volts.

b. 120 volts.

c. 61.2 volts.

d. 52.8 volts.

141Q

RSPB -8Y:

7. what are the minimum .;a61C1 maximum
voltage at RoutT

--. a. 24 to 30 V.

b. 20 to 24 V.

c. -24 to -30 V.

d. -20 to -24 V.
.ska SOOn

60V lka

CONFORM YOUR

5
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D. Turn to Student Text Volume I and read
paragraphs 6-21 thru 6-42. Return to this
page and answer the following questions.

I. What is meant by a loaded voltage
divider?

-... a. A tapped resistor is used in
series to form a divider,

--,-- b. A load device is placed in series
with a tapped resistor.

-.. c. An olectrotdc component or cir-
cuit which draws current from the source
Is placed across the divider.

.---- d, An electronic component or cir-
cuit which does not draw current is placed
across the divider.

2. A loaded voltage divider ha:::

-- a. Two or more paths for current
flow.

b. Only one path for current flow.

c. One or more paths for current
flow.

3. The term LOAD means:

a. Voltage.

Current.

c. Resistance.

d. Conductance.

4. When a load device is placed across
a voltage divider the total resistance:

-- b.
Increases and load increases.

Decreases and load decreases.

--. c. Remains unchanged and load in-
creases.

d. Decreases and load increases.

5. When the switch is closed, the:

-----, a. Voltage between point A and
ground Increases.

....., b, Current through Ill decreases

c. Current through R2 and R3 in-
creases,

d. Voltage betwe en point A and ground
decreases,

6. The total resistance is:

-.... d.

19 k ohms.

9 k ohms.

20 k ohms.

28 k ohms.

IISP4-185

'70
8

ailf-litd

7.5-/
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7. What is the ohmic value of R3?

.---, a 2 k ohms

,--, b. 2.87 k ohms

c, 5 k Ohms

d, 20 k ohms

8. In the figure Ii equals:

a. .3 wk.

.--- b. 2.7 mA.
........, 2360

IMP44,9

10. The voltage at point C with respect
to ground ill:

a. 75 V.---
b. 45 V.

c. 58 V.

- d. 10V.

ha
4h0

- c. 3 mA

d. 5 mot.
11. What is the voltage at point B with

I respect to ground?

9. When the switch is closed, the volt-
meter reading will:

- a. Increase.

b. Decrease.

c. Remain the same.

7'
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a. 25 volts.

b. 50 volts.

. 75 volts.

d. 100 volts.

OttI4 0,1

751A



12. To obtain both positive and negative
voltage from a voltage - divider network, we
can place ground at:

a. Both ends of the network.

..... b. Some pOint Wong WO altViOek.

----. c. The positive end of the netWork.

-. d. The negative and Of the network.

13. Pt in question Il is.

- a. .5 W.

c. 10 W.

CONFIRM YOUR ANSWERS

E. Turn to Laboratory Exercise 9-1. This
exercise will help you gain experience with
components aria circuita.

LABORATORY EXERCISE 9-I

RESISTIVE C1NCUITS

OBJECTIVES:

1. Usits; a roultimeter :-..ad a traitior with
a three-component series-parallel resistive
circuit, measure, within 40 percent accuracy,
the total resistance and individual voltage
drops.

EQUIPMENT:

1. DC Resistor Trainer, 5531
2. AN/PSIvI-6
3. DC Power Supp:ly, 463/4

REFERENCES:

Stuuesi T. -.xi. 'Vole le -14......,:caphs 4-3
thru 4-22. J-O, :",-70 %lieu ::'-"ia, ..A4 5-115
thru 5-121.

CAUTION: OBSERVE BOTH PER-
SONNEL AND EQUIPMENT SAFETY
RULE'S AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

A. Series Circuit - Resistance Measurement

1. Using nook-up wires, connect R5, R12,
and R13 in series.

2. Check Your circuit. It should look
like the drawing below.

This is the schematic diagram of this circuit.

A
RS

ts/A

R13
% B "%AA.

R12

arp4-893

3. Use the ohmmeter (PSM-6) and measure
the total resistance of the circuit. Record
the results.

4. Disconnect all book-up wires.

CONFIRM YOUR ANSWER

0 762



B. Parallel Circuit Resistance Measurement

1. Using hook-up wires, connect R4, R11 ,
and R17 In parallel.

To construct this circuit, it will be neces-
sary to have more than one wire on some
of the binding posts.

2. Check your circuit. The completed cir-
cuit should look like this drawing.

REP4-1195

This is the schematic diagram of this
circuit.

REPO -69?

3. Use the ohmmeter and measure the total
resistance of this circuit. Record the results.

4. Disconnect all book-up wires.

CONFIRM YOUR ANSWER

763
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C. Series-Parallel Circuit Resistance
Measurement.

1, Using hook-up wires, connect R12 and
R13 in parallel,

2. Connect It2 in series with the parallel
combination.

3. Check your circuit. The completed cir-
cuit should look like this drawing.

A R2
I

B Rig i_

R13

vv./

RIP4-894

This is the schematic of this circuit.

R2

R13

4. Use the ohmmeter and measure the total
resistance of this circuit. Record the results.

5. Disconnect all hook-up wires.

CONFIRM YOUR ANSWER



D. Voltage Measurements

1, Connect 82, 86, and RI2 in a series
parallel circuit as shown.

A

e I I RA

III R12

R2

PICTORIAL

C11214ATIC

R12

14141.W4

2. Connect the positive terminal of the
point A and the negative terminal to point 8.

3. Call your instructor to check your circuit.

4. Plug in and turn on the power supply.

5. Adjust the power supply for a 40 volt
reading on the power supply meter.

6. Set the PSM-6 function switch to DCV/
20 k/V and the range switch to 50 V.

7. Measure and record the individual voltage
drops:

a. ER2 V DC.

b. E.R6 V DC.

c. ERI2 V DC.

CONFIRM YOUR ANSWERS

LABORATORY EXERCISE 9-2

WADED VOLTAGE DIVIDER

OBJECTIVE

Using a Multimeter and a trainer with a
loaded voltage divider, determine the polarity

10

and measure the magnitude of a voltage
and respect to the ground reference point
within t 10 percent accuracy.

EQUIPMENT:

1. DC Resistor Trainer, 5531
2. DC Power Supply, 4649.
3, PSM6

REFERENCES:

Student Text, Volume I, paragraphs 6-1
thru 6-11. Review paragraphs 4-24 thru
4-39 U necessary.

CAUTION: OBSERVE BOTH PER
SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

. I. Connect R3, RIO and R17 in series
as stown in the pictorial and connect the
power supply to the points "A" and "D"
as indicated. Observe polarity.

D
C vos

mow. mote

NEG1-0-111W Nit

This is the schematic.

13
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2. Connect a hookup wire from a ground
binding post in the trainer to point "A"
of the circuit.

3. Turn on the power supply and adjust for
a reading of 40 volts on the power supply
meter. WARNING: TURN THE POWER
SUPPLY OFF BEFORE MAXIM ANY
WIRING CHANGES. TURN Tie SUPPLY
ON AFTER MAKING THE CHANGES.

4. Using the PSM-0, measure the individual
voltage drops in reference to ground. Record
the voltage and polarity in the spaces
provided.

1c

to

CONFIRM YOUR ANSWERS

5. Leave the hook -up from point
ground.

.....
O. Connect a resistor, R11, from a ground
binding post and point "B" using hookup
wire.

7. Using the multimeter, measure the indi-
vidual voltages in reference to ground. Record
the voltage and polarity in the apace provided.

!!AI! to

9. Using the Multimeter, measure the indi-
vidual voltages in reference to ground.
Record the voltage and polarity in the
space provided,

1----11°kD311V

40 vDC

R17

RIO

ED

Es
EC is

EA

10. a. Why was the voltage at point "B"
in step 7 less than the voltage at point
"B" in step 4?

b. Why was the voltage at points "A"
and "B" in step 9 negative?

c. Total resistance. for the Circuit in
step 9 is (more)Eless) than the circuit in
step 7.

CONFIRM YOUR ANSWERS.

MODULE SELF -nizac

SERIES-PARALLEL RESISTIVE CIRCUITS

1. In the circuit below

a. total resistance is

b. total current is .

c. total power is
R11
10k fa Remember 3 = M and P IE.

ED
EBa .1.= ....

A

EC =

BA g

CONFIRM YOUR ANSWERS

S. Move the hookup wire from "A" to
point "C." Leave R11 connected from ground
to point "B."

11
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2. In the circuit shown

a. total rvipistance is

b. total current is

c. total power is .

Remember E IR and P LE.

R1
kA

1 1111 II 6"
11.1

rio 6o vormir 12S ir

CONFIRM YOUR ANSWERS

12
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ANSWERS TO A 0 ADJUNCT GUIDE

1. c a, a
2. d 9, c
3. a 10. b
4, b 11, d
5. b 12.
6. c 13. b
7, 1. 14.. b

U you missed ANY questions, review
the material before you continue.

ANSWERS TO 13:

1. c 3. b
2, a 6. b
3. d 7. c
4. b

U you missed ANY questions,
the material before you continue.

ANSWERS TO C:

review

1. b 5. a
2. a 6. c
3. c 7. d
4. d

U you missed ANY questions, review
the material before you continue.

ANSWERS TO D:

1. c 7. a
2. a O. d
3. b 9. a
4. d 10. b
5. d 11. b
6. c. 12. b

t3. a

U you missed ANY questions, review
the material before you continue.

ANSWERS TO LAB EXERCISE 9-1

A 3. Total resistance = 97 k dun + 10%

If you missed this question, ask your
instructor for assistance.

13
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R 3. Total resistance 1 3.33 kobmi10%

U you missed the question, ask your
instructor for assistance.

C 4. Total rflighne0 g§ 20.7 kohm +10ck

U you missed the question, ask your
instructor for assistance.

U 7a. 10 V DC,

7b. 30 V DC.

7c. 30 V DC.

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO LAS EXERCISE 9-2

ANSWMPS TO PROCEDURE 04:

ED = +40v

Ec le 40v

ER- 4.20v

EATIOV

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO PROCEDURE #7:

ED=4.40V

EC = + 26 v

ED= +13V

EA=OV

U you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO PROCEDURE #9:

ED = 4. 11 V



s 0 V

ICB . -7 V

EA a 29 V

If you missed ANY questions, ask your
instructor for assistance.

ANSWERS TO 10

a. The loading effect of R11 caused total
resistance to decrease. Total current
increased causing the voltage drop
across R3 and R10 to increase.
This leaves less voltage to be dropped
across R17 and R11.

b. The ground rderence point was
moved to point , #C." Cukl ent flow through
R10 and R17 Is from tne negative
terminal of the battery toward ground.
Current flow toward ground causes a
negative voltage drop.

c. Less

14

ANSWERS TO MODULE SELFCHECK:.

23.7 k ohm

11 mA

2.75 W

5 It ohm

25 mA

3.125 W

HAVE YOU ANSWERED ALL OF THE
QUESTIONS CORRECTLY? IF NOT,
REVIEW THE MATERIAL OR STUDY
ANOTHER RESOURCE UNTIL YOU CAN
ANSWER ALL QUESTIONS CORRECTLY.
IF YOU HAVE, CONSULT YOUR
INSTRUCTOR FOR FURTHER GUIDANCE.

7C8
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TROUBLESHOOTING DC RESISTIVE CIRCUITS

MODULE 10

This Guidance Package is designed to guide you through this module of the Electronic
Principles Course. It contains specific information, including references to other resources
you may study, enabling you to satisfy the learning objectives.

CONTENTS

TITLE PAGE

Overview
List of Resources
Adjunct Guide
! *oratory Exercise, 10-1
Latoraory Exercise, 10-2
Laboratory Exercise, 10-3
Laboratory Exercise, 10-4
Module Self-Check

i
i
1

8
10
13
15
16

OVERVIEW

1. SCOPE: This module discusses the pro-
cedure for locating causes of circuit mal-
functions. It also provides the necessary
practical training on series, parallel, and
series-parallel circuits using schematic dia-
grams, formulas, and a multimeter.

2. OBJECTIVES: Upon completion of this
module you should be able to satisfy the fol-
lowing objective:

a. Using a multimeter, formulas, sche-
matic diagram, and a trainer having an open
or shorted component in a series-parallel
resistive circuit, locate the faulty component.

LIST OF RESOURCES

To satisfy the objectives of this module,
you may choose, according to your training,
experience, and preferences, any or all of
the following:

READING MATERIALS:

Digest
Adjunct Guide with Student Text

LABORATORY EXERCISE:

Troubleshooting DC Resistive Circuits 10-1
Troubleshooting DC Resistive Circuits 10-2
Troubleshooting DC Resistive Circuits 10-3
Troubleshooting DC Resistive Circuits 10-4

AUDIO-VISUALS:

Television Lesson 30-101N Series Resistive
Circuits T/S

Television Lesson 30-101T Series Parallel
Circuits T/S

At this point, if you feel that through
previous experience or training you are
familiar with this subject, you may take the
Module Self-Check. If not, select one of the
resources and begin study.

CONSULT YOUR INSTRUCTOR IF YOU
REQUIRE ASSISTANCE.

Supersedes IMP- GP-10. I5Ju1y1975. Previous editions are obsolete.

i 770



ADJUNCT GUIDE

INSTRUCTIONS:

Study the referenced materials as directed.

Return to this guide and answer the
questions.

Confirm your answers in the back of this
guidance package.

If you experience
your instructor.

Br gin the program.

any difficulty, contact

A. Turn to Student Text Volume I and read
paragraphs 7-1 thru 7-30. Return to this
page and answer the following questions.

1. A circuit in which no current flows is
referred to as:-

c.

- d.

A short circuit.

A long circuit.

An open circuit.

A closed circuit.

2. When too much current flows in a circuit,
it contains:

- a. A short.
b. Too much resistance.

c. An open.

d. Discontinuity.

3. Which one of the following is NOT an
example of an open?

- a. Blown fuse.

b. Bare wires touching.

c. Burned out resistor.

. d. Burned out lamp.

4. When you connect a voltmeter across
a good resistor in an open circuit, the
reading will be

a. Infinite.

A portion of the applied voltage.

Zero.

The battery voltage.

5. When you connect an ohmmeter across
an open component, the reading will be:

A large or small resistance.

Continuity.

Some reading.

d. Infinite resistance.

6. When the current exceeds the rated values
for the components in circuit, what device
is designed to open the circuit intentionally?

a. Switch.

b. Fuse.

--. c. Resistor.

d. Lamp.

7. In a circuit containing a shorted resistor,
current will continue to flow if the power
dissipated by each resistor is

Lower than its power rating.

b. Less than totaldissipated power.

c. Higher than its power rating.

d. More than total dissipated power.

8. If a circuit is fused at 2 amps, what is
the maximum voltage that could be applied
if circuit resistance is 100 ohms?

1
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0. What is wrong with this circuit?

RI

SO It A

RE:4-216S

- a. Rl open.

- b. Ri shorted.

- C. R2 shorted.

R3 shorted.

11. What is the trouble in this circuit?

Note: Current 10 3 milliamperes
when the circuit is operating nor-
mally.

I 1 t * 63/A
= 36V R3

4 kr,

RI 6 lc A
2 lc r,
4.0\01t

REP4i168-. a. Fuse open.

- b. R1 shorted.

ammm. C R2 shorted.

d. R3 shorted.

12. What is wrong with this circuit?

10. The trouble in this circuit is:
NOTE: Current is 2 milliamperes RI
when the circuit is operating nor-
mally.

1
= 24V

I

t
a 3ni RI

4 k A

R2
R3 6 k A
2k r,
NAN

REP4-1i67

-___-_._ a. Fuse open.

- b. Rl shorted.

-. c. R2 shorted.- d. R3 shorted.

2

a.

aore

REP4-1170

R3 open.

R2 shorted.

R2 open.

Nothing -- circuit is good.

743
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13. If R1 in this circuit were shorted, ,CONFIRM YOUR ANSWERS

. a It would be 3 mA.

. b. The voltage from C to E would
be 105 volts.

C. Rt would be 25 ohms.

66.11..10 ..0 d. it would be 2A.

R1

=150V R2

R3

RSP41171

14. If point "B" shorts to ground, what
happens to the voltage from C to E?

a. Decreases.,..
b. Increases.

. c. Remains the same.

d; Changes polarity.

REPO -1172

3

B. Turn to Laboratory Exercise 10-.1. This
exercise will introduce series resistive dr-.
cult. troubleshooting procedures.

C. Turn to Student Text Volume 1 and read
paragraphs 7-31 thru 7-42. Return to this
page and answer the following questions.

1. When troubleshooting a parallel circuit
with an ammeter, the open branch resistor
can be located by a reading of:

=111

a. Zero current.

b. Infinite resistance.

c. Zero resistance.

d. Total current.

2. In a parallel circuit that contains three
branch resistors, if one resistor suddenly
burns completely open, what will happen to
the circuit?

a.

b.

c.

The fuse will blow.

The total resistance decreases.

The total resistance increases,

d. The current through the other
resistors increases.

3. When a short occurs in a parallel cir-
cuit, the

773

a. total resistance increases.

b. total current decreases.

c. total current increases.

d. individual resistances increase.



4. How would a Lhort across R4 affect 6. The voltmeter gives an indication of what
the power dissipated by R2? probable trouble?

NOTE: Normal indication of the volt-
meter is 12 volts.

REPO -1173 REP4 -1176

a. Increases. a. R3 shorted.-
b. Decreases. b. R5 shorted.-
c. Remains the same. c. R4 open.-

- d. Cannot be determined. - d. R3 open.

5. If R4 should "short" the voltage across 7. What is the trouble in the circuit below:
RI will:

NOTE: Current is 22 amperes when
the circuit is operating normally.

I .,1 i J

REP4 -1175
REP4 -1177

a. Be applied voltage. a. RI is shorted.-
- b. Increase. b. R3 is shorted.

c. Be zero. c. RI is open.

d. Not change. d. R2 is open.-
4
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B. Which of the following conditions would
be true if R5 opens?

Al increases
a. A2 no change

A3 increases

Al decreases

A2 decreases

A3 decreases

At increases
c. A2 decreases

A3 increases

Al decreases
d. A2 no change

A3 decreases

REP4 -2274

CONFIRM YOUR ANSWERS

D. Turn to Laboratory Exercise 10-2. This
exercise will introduce parallel resistance
circuit troubleshooting procedures.

1. if an open occurs in the series portion
of a series-parallel circuit, the current will:

a. Increase.

b. Remain the same

c. Cease to flow.

d. Blow the fuse.

2. When a shorted component is coniained
in the series portion of a series-parallel
circuit, the total current will:

a. Stop.

----- b. Increase.

c. Decrease.

d. Remain the same.

3. When an open occurs in the parallel por-
tion of a series-parallel circuit, the voltage
drop across the series resistor will:

a. Increase.

b. Decrease.

c. Remain the same.

d. Equal the applied voltage

4. When a short occurs in the parallel por-
tion of a series-parallel circuit, the total
resistance of the circuit will:

a. Decrease.- b. Remain the same.

. c. Increase.

d. Be zero.

5. If a voltmeter is connected across a good
series resistor in a series-parallel circuit,
the meter will read:

The applied voltage.

E. Turn to Student Text Volume 1 and read b. A portion of the applied voltage.
paragraphs 7-43 thru 7-62. Return to this

page and answer the following questions. c. Zero.

5
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6. If R3 were shorted, the voltage at point
A with respect to ground with

REP4-1178

a. Increase.

b. Decrease.

c. Remain the same.

7. If R2 opens, which of the following
statements is true?

REP4-1179

a. Rt decreases.

- b. ERI increases.

c. ER2 decreases.

d. It decreases.

8. What could cause MI to become dimmer
while DS2 becomes brighter?

NOTE; Remember more current causes
a lamp to be brighter and less current
to become dimmer.

6

a. RI short.

b. R2 open.

c. R3 open.

R4 short.

R,EP4-1180

9. What would cause both bulbs to become
brighter?

REP4-2182
a. RI short.

b. R2 short.

c. R3 short.

d. R4 open.

10. If R5 opens, the current through:

a. RI increases.

b. R2 decreases.

c. R4 increases.

d. R4 remains the same.

747
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a. 20 micro amps.

........ b. 10 niA

c 20 niA

d 30 mA

13. In the circuit below, the ammeter reads
5 niA. The trouble is:

a. R2 open.

b. R5 shorted.
11. In the circuit below if R4 opens, the
current through: c. R5 open.

a. RI increases.

b. RI decreases.

c. R2 decreases.

- d. R2 remains the same.

RI R3

R4 R4

REPO -2283

12. In the figure below, if RI shorts, the
ammeter will read:

R2
15ko

Rt

--M1501i

R3
15 Ito

REPO -2284

7

777

. d. RI short.
RI

20ko

=. 300V

14. Refer to the figure belowIfR2becomes
open, the total power will:

a. Increase.

b. Decrease.

c. Remain the same.

ReP4-1186



15. Which of the following will cause the
voltage across R2 to decrease but not go to
zero?

a. II5 short.

b. R4 open.

c. R2 short.

d. RI open.

REP4-1187

CONFIRM YOUR ANSWERS

F. Turn to Laboratory Exercise 10-3. This
exercise wi.1 introduce you to series-parallel
circuit troubleshooting procedures.

G. Now do laboratory exercise 10-4. This
exercise will prepare you for the Progress
Check on troubleshooting series-parallel
resistive circuits.

AFTER COMPLETING THE LABORATORY
EXERCISES AND PROGRESS CHECK, YOU
MAY STUDY ANOTHER RESOURCE OR
TAKE THE MODULE SELF-CHECK.

LABORATORY EXERCISE 10-1

OBJECTIVE:

Using a multimeter, formulas, schematic
diagram. and a trainer having an open or

8

shorted component in a series-parallel re-
sistive circuit, locate the faulty Component.

LEARNING STEP:

1. Determine what effect a short has on
a series circuit.

2. Determine what effect an open has on
a series circuit.

EQUIPMENT:

1. DC Resistor Trainer 5531
2. DC Power Supply 4649
3. Multimeter PSM-6

REFERENCES:

Student Text, Volume I, paragraphs 7-1
thru 7-30.

CAUTION: OBSERVE BOTH PER-
.SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURES:

A. Circuit Analysis.

1. Connect switch 2 (in the opened
position), lamp 1-2, R22, R23 and R24 in
a series circuit as shown in the pictorial
diagram and adjust the power supply for
40 volts.

40
DC POWER SUPPLY

7Th
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The following is the schematic diagram
of the circuit above.

R22

R23

R24

REP4 -2610

2. In learning to troubleshoot DC
series resistive circuits, it is important
to know what .ndications a circuit projects
when everythr% is in proper working order.

a. Close switch S-2.

b. Measure and record:

ER22 VDC

ER23 VDC

ER24 VDC

12 ;lamp) VDC

CONFIRM YOUR ANSWERS

3. You will now simulate a resistor
shorted.

a. Place a hook-up wire across R24.

NOTE: Remember that current takes the
path of least resistance and will now short
around the resistor instead of traveling Ulna
it. Also note the increased brightness of the
lamp 12. This indicates an increase in
current due to the reduction of the overall
resistance by the simulated removal of R24
from the circuit.

b. Measure and record:

ER22 VDC

9

ER23 VDC

ER24 VDC

1 -2 VDC

SUMMARY: It can now be seen that a short
produces an increase in current by reducing
the overall resistance. Voltage will be re-
distributed across the remaining resistors in
accordance with KirchhofFs Voltage Law.

4. Now simulate a resistor burned open.

(Remember that an open means that con-
tinuity has been lost and current does not
have a complete path).

a. Open switch S-2 to simulate a
resistor that has burned open. LEAVE
S-2 IN THE

b. Measure

(I)

(2)

(3)

(4)

OPEN POSITION.

and record:

ER22 VDC

ER23 VDC

ER24 VDC

1-2 .. VDC

Place the voltmeter across the switch.
(The simulated burned

Esw

CONFIRM YOUR ANSWERS

out resistor.)

VDC

SUMMARY: An open circuit is a circuit
that has lost continuity and current flow
will be zero. When checking with a volt-
meter all the good resistors will indicate
zero volts, but when the voltmeter is placed
across the opened resistor it will read the
applied voltage.

779
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5. Thus far you have seen what effect a
shorted resistor and an open resistor have
on current, when checking the circuit with
a voltmeter. Now use an ohmmeter to obse rve
the indications that a shorted or open
resistor will produce.

CAUTION: When using the ohmmeter
POWER MUST BE REMOVED from
the circuit.

a. Turn the power supply OFF.

b. Disconnect the power supply from the
circuit by removing the circuit hookup wires
connected to the red and black terminals on
the power supply.

c. Again use switch S2 as a simulated
resistor. In the open nosition the switch
simulates a burned out resistor and in the
closed position it simulates a shorted resistor.
(Switch S2 should be in the open position).
Place the ohmmeter across the switch.

NOTE: When checking an open circuit the
ohmmeter should be on the highest range.

. ohms

CONFIRM -)UR ANSWER

indications when placed across an open or
shorted component. When placed across an
open component the ohmmeter will indicate
infinite ohms and when placed across a
shorted component it will indicate zero ohms.

Remove all hookup wires.

LABORATORY EXERCISE 10-2

OBJECTIVE:

Using a multimeter, formulas, schematic
diagram, and a trainer having an open or
shorted component in a series-parallel re-
sistive circuit, locate its faulty component.

LEARNING STEP:

I. Determine what effect a short has on a
parallel circuit.

2. Determine what effect an open has on a
parallel circuit.

_
EQUIPMENT:

cl. Close switch S2 (Simulating a shorted
resistor). NOTE: When checking for a
shorted component, the ohmmeter should be on
the lowest range.

ohms.

CONFIRM YOUR ANSWER
.

SUMMARY: A voltmeter has definite indi
cations when placed across an open or
shorted component in a series circuit. When
placed across an open component the volt-
meter will indicate the applied voltage.When
placed across a shorted component the
voltmeter will indicate zero volts. The ohm-
meter, like the voltmeter, also has definite

1. DC Resistive Trainer 5531
2. DC Power Supply 4649
3. Multimeter PSM-6

REFERENCES:

Student Text, Volume I, paragraphs 7-31
thru 7-42.

CAUTION: OBSERVE BOTH PER-
SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURE;

A. Circuit Analysis

I. It would be difficult to simulate a
short in a parallel circuit with the power
applied. The schematic diagram shows that

10 780
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with a shorted component (S2 is a simulated
resistor) in a one resistor branch, you would
place the short directly across the battery
causing the fuse to blow and or circuit
breaker to trip because of the short ...
(Remember current always takes the path
of least resistance.) Consequently for this
portion of the laboratory exercise use the
ohmmeter to perform the tests.

DO NOT CONNECT
TO THE CIRCUIT.

2. Connect R3,
parallel circuit as
diagram.

THE POWER SUPPLY

R5, 51, R7, S2 in a
shown in the pictorial

REP4 -2609

(NOTE: Position 51 closed and S2 open).

3. Place the leads of the ohmmeter in the
connectors at the top of the trainer. (Rx
1000 range) measure and record the total
resistance.

Rt

CONFIRM YOUR ANSWER

4. Now simulate a shorted resistor.

a. Close switch S2

b, Measure and records

Rt

c. Open switch S-2

CONFIRM YOUR ANSWER
.

SUMMARY: You can now see that a short,
in a one resistor branch, would cause the
fuse to blow if a power supply were con-
nected. Due to the short, Rt would be
zero ohms and It would be infinite.

5. The circuit will remain connected for
the next experiment. Now simulate a re-
sistor burned open.

a. Open switch Sl. (This simulates R5
burned open and continuity in this branch
lost).

b. Measure and record

Rt

c. What would have happened to total
current if the power had been applied to the
circuit?

CONFIRM YOUR ANSWERS

SUMMARY: When a branch in a parallel
circuit is lost through an open, total re-
sistance increases and total current
decreases.

6. when two or more resistors comprise
a branch in a parallel circuit, although
similar in many ways, circuit conditions
have some differences from the one re-
sistor branch.

a. Connect switch S2 (In the open posi-
tion), R6, R11, R12, and R18 (White connector)

11
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in a parallel circuit as shown in the pictorial
diagram and adjust the power supply for
40 volts. (Set R18 fully CW or the maxi-
mum resistive position).

62

DC POWER SUPPLY

R12 REP4 -2606

The following is the schematic diagram
of the circuit above.

R12

R6 RI I

REP4-2607

b. Close switch 82

c. Measure and Record

ER18 VDC

ER6 VDC

ER11 VDC

ERI2 VDC

e. Open switch S2.

CONFIRM YOUR ANSWERS

SUMMARY: You can see from your answPrs
that R18 and R6 comprise one circuit wilh

the Power Supply (EA it Erna + ERG) and
R11 and R12 comprise the other (EA s' ER11
+ ER12) This also shows that voltage is
common or the Same across each branch of
the parallel circuit but divides according
to the size of the resistors in the individual
branches.

7. We will now simulate a shorted re-
sistor . Turn R18 to the extreme C CW
position.

(This action reduces the resistance of R18
to zero ohms and simulates a shorted
resistor).

a. Close switch S2

b. Measure and record

ER18 VDC

ER6 VDC

ER VDC

ER12 VDC

c. Open switch 82

CONFIRM YOUR ANSWERS

SUMMARY: It can be seen that the applied
voltage in the first branch is now across 3

due to R18 being short. More importanti.
we find that the conditions occurring in
Branch I had no effect on Branch IL What
was affected was total circuit resistance
(it decreased) and as a result total circuit
current increased.

8. An open circuit in a two resistor
branch would have similar indications as the
one resistor branch discussed in paragraph
5 above, When a resistor opens in a parallel
branch that branch has lost continuity and no
current will now. The remaining branches
will continue to function with no change due

12 782

773



to the common voltage. Again what will be
affected will be total circuit resistance
(increase) and total circuit current (de
crease),

TURN OF THE POWER SUPPLY AND
REMOVE ALL HOOKUP WIRES.

LABORATORY EXERCISE 10..3

OBJECTIVE:

Using a multimeter, formulas, schematic
diagram, and a trainer having an open or
shorted component in a series-parallel re-
sistive circuit, locate the faulty component.

LEARNING STEPS:

I. Determine the effects of a short on a
series-parallel circuit.

2. Determine the effect of an open on a
series-parallel circuit.

EQUIPMENT:

I. DC Resistor Trainer 5531
2. DC Power Supply 4649
3. Muitimeter PSM-6

REFERENCES:

Student Text, Volume 1, paragraphs 7-43
thru 7-62.

CAUTION: OBSERVE BOTH PER-
SONNEL AND EQUIPMENT SAFETY
AT ALL TIMES. REMOVE WATCHES
AND RINGS.

PROCEDURE:

A. Circuit Analysis.

I. Connect R3, R12 and RI8 in a series-
parallel circuit as shown in the pictorial
diagram and adjust the power supply for
40 volts. (Adjust RI8 fully clockwise or to the
10K position).

R3

OC POWER SUPPLY R10

REP4-260$

The following is the schematic diagram with
the dotted line representingthe series portion
of the circuit, (it has total current flowing
thru it) and the solid line representing the
parallel portion. (Total current splits 2n-

ve rs ly proportional to the size of the resistors.)
R3

5.1k 0
1

40V R12

24 k

asp4-2604

2. Measure the voltage drops to ascertain
the conditions with the circuit in proper
working order.

ER3 VDC

E
RI 2

VDC

ER
18

VDC

CONFIRM YOUR ANSWERS

3. We will now perform an experiment in
the series portion of the circut by shorting
and opening R3. First we will simulate
RA shorting.

a. Turn off the Power Supply.

b. Place a hookup wire across R3.

CAUTION: At this point it is important to
insure that RI 8 (Variable Resistor) is set to
its maximum resistor value. U it is set

13
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to the zero ohms position and R3 is Shorted
you have a direct short across the battery
and the power supply circuit breaker will
trip. Rccall, current always takes the path
of least resistance and by placing a wire
across R3, current will now Short around
the resistor instead of traveling thru it.

c. Turn on the power supply

d. Measure
E
ER3

ER12

ER18

and Record

VDC

VDC

VDC

e. Turn off the power supply

f. Remove the simulated stivr4 across R3.

CONFIRM YOUR ANSWERS.

SUMMARY: A short across R3 (in this series
portion) makes this circuit a parallel cir-
cuit. The applied voltage is across each branch
with no voltage appearing across the short.

4. Now simulate resistor R3 burning open.
(Remember that R3 is in the series path.
An open at this point means that current
no longer has a complete path and will
stop)..

a. Remove the hookup wire from the left
side binding post of R3. (This action '413reaks"
the circuit and simulates R3 burned open).

b. Turn on the power supply.

c. Measure and Record

ER3 VDC

(Place voltmeter leads acorss the open by
placing the red lead on the power supply's
red post and the black lead on the right
side binding post of R3).

ER12 VDC

ERIE VDC

.

d. Turn off the power supply

e. Replace the power Supply hookup wire
to R3.

CONFIRM YOUR ANSWER.

SUMMARY; When an open occurs in the
series portion of the circuit you will read
the applied voltage across the open while
all other components would read zero volts.
(Remember to have a voltage drop you have
to have current and resistance).

5. So far in the series-parallel circuit you
have seen the effects of opening and shorting
a resistor in the series portion of the cir-
cuit, (R3). Now observe the effects of shorting
and opening a resistor in the parallel portion
of the circuit. First simulate a short.

a. Turn R18 fully counter clock-wise.
(Thi. action reduces R18 to zero ohms and
simulates a shorted resistor). What has
happened to total resistance?

b. Turn on the power supply

c. Measure and Record

ER3 . VDC

ER12

ER18 VDC

d. Turn off the power Supply

e. Turn R18 fully clockwise (full resistance
position).

CONFIRM YOUR ANSWERS.

SUMMARY: A short in the parallel branch
of a series-parallel circuit will remove
the resistance and no voltage will appear iu
that part of the circuit. The applied voltage
will be redistributed across the series com-
ponents in accordance with Kirchhoffs Voltage
Law. The total resistance will be the sum
of the series resistors.

14 784
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8. Simulate R18 burned open by removing
the hookup wire from the loft binding poet
of R18. (This action causes loss of current
through that branch).

a. What happens to total resistance?

b. Turn on the ppwer supply.

c. Measure and record

ER3

ER12

ER18

VDC

VDC

VDC

15

(NOTE: To measure Ems, place the
voltmeter across the open by placing the
red lead on the right hand post of R3 and
the black lead on the black poet of the
power supply).

d. Turn off the power supply.

I). Remove all hookup wires.

CONFIRM YOUR ANSWERS.

SUMMARY: When a branch of a series-
parallel circuit opens, it's continuity is lost.
The voltage will be redistributed in accord-
ance with Kirchhoffs Voltage Law. This will
cause an increase in total resistance and a
decrease in current.
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LABORATORY EXERCISE 10-4

OBJEC7IVE:

Using a multimeter, formulae, schematic
diagram, and a trainer having an open or
shorted component in a series-parallel re-
sistive circuit, locate the faulty component.

EQUIPMENT:

1. DC Resistor Trainer 5531
2. DC Power Supply 4649
3. Multimeter PSM-6

REFERENCES:

Student Text, Volume I, paragraphs 7-43
thru 7-62.

CAUTION: OBSERVE PGTH PER-
SONNEL AND EQUIPMENT SAFETY
RULES AT ALL TIMES. REMOVE
WATCHES AND RINGS.

PROCEDURE:

A. Troubleshooting.

1. Using R3, R6, and R11, construct
the circuit shown in the diagram and apply
power.

R3

REPO -1192

NOTE: Provisions are provided in this
trainer for opening or shorting components.

2. Have your instructor check your circuit
and prepare the trainer for troubleshooting.

3. Use the PSM -8 to locate the faulty

component and note whether the component
is Open or shorted.

R . is (opened) (shorted).

4. Have your instructor check your results.

5. Turn off power supply and disconnect
all hook-up wires.

6. Using R5, R7, and R9, construct the
circuit shown in the diagram and apply
power.

R5

16

REPO -1193

7. Have your instructor check your circuit
and prepare the trainer for troubleshooting.

8. Use the PSM-6 to locate its faulty com-
ponent and note whether the component is
opened or shorted.

is (opened) (shorted).

9. Have your instructor check you results.

10. Turn off the power supply and dis-
connect all hook-up wires.

CONSULT YOUR INSTRUCTOR FOR THE
PROGRESS CHECK.
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MODULE SELF -CHECK lormI c. E2 open,

1. A circuit in which no currant flows is d. II3 shorted,
referred to as

-, a, a short circuit.

..---_. b. a long circuit.

c. an open circuit.

d, a closed circuit.

2. When too much current flows in a
circuit, it contains

a. a short,

b. too much resistance.

c. an open.

Remember, V IR

R1

REP41188

6. Symptom: ER1 = OV and ER2 300V,
d. discontinuity. the faulty component is:

3. When you connect a voltmeter across a
good resistor in an open series circuit,
the reading will be

a. infinite,

-. b. a portion of the applied voltage.

c. zero.

d. the battery voltage.

4. When you connect an ohmmeter across
an open component, the reading will be:

a.

b
C.

d.

a large or small resistance.

continuity.

some reading.

infinite resistance.

5. Symptom: It = 1.6 mA, the faulty
component is:

a. RI open.

b. RI shorted.

787
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- a. RI open.

b. RI shorted.

c. R2 shorted.

d. R3 open

Remember, E = m

= 300V

RI

1001:o

R2
100 It a

R3
100kP

AVP4 -110

CONFIRM YOUR ANSWERS



ANSWERS TO A » ADJUNCT GUIDE

1. 6. b 11. c
2. a 7. a 12. d
3. b 8. c 13. b
4. 9. a 14. a
5. d 10. b

If you missed ANY questions, review the
material before you continue.

ANSWERS TO C ADJUNCT GUIDE

1.
2.
3.
4.

a 5.
6.
7.
a.

d

d

U you missed ANY questions, review
the material before j-ou continue.

ANSWERS TO E - ADJUNCT GUIDE

1. 6. b 11. b
2. b 7. d 12. c
3. b 8. b 13. d
4. a 9. c 14. b
5. b 10. c 15. b

If ynu missed ANy questions, review the
material before you continue.

ANSWERS TO LAB EXERCISE 10-1

2b. ER22
ER23
ER24
1-2

5-7 volts
5-7 volts
11-13 volts
13-15 volts

If you missed any questions recheck
your work or call the instructor for
assistance.

3b; ER22
ER23
ER24
1-2

4b. ER22
ER23
ER24
1-2
ESW

8-9 volts
8-9 volts
0 volts
20-22 volts

0 volts
0 volts
0 volts
0 volts
40-43 volts

5c. Infinite ohms

5d. Zero ohms

ANSWERS TO LAB EXERCISE 104
3. 4.4.5 k ohms
9b. 0 ohms
5b. 5K ohms
5c. decreased
6c. ER18 9 11 volts

ER6 28 - 30 volts
ER11
ER12

lb. ER18
ER6
ER11
ER12

10 12 volts
27-29 volts

0 volts
40 volts
10-12 volts
27 - 29 volts

ANSWERS TO LAB EXERCISE 10-3

2.

3d.

9c.

ER12
ER18

ER3
ER12
ERl e

ER3
ER12
ER18

5a. Rt = R3

5c. ER3
ER12
ER18

16-19 volts
21-23 volts
21-23 volts

0 volts
40 volts
40 volts

40 volts
0 volts
0 volts

40 volts
0 volts
0 volts

6a. Rt has increased (R3 & R12
in series)

6c. ER3
ER12
ER18

6 - 8 volts
32 - 34 volts
32 - 34 volts

now.

ANSWERS TO MODULE SELF-CHECK
1. c 2. a 3. c
4. d 5. c 6. b

HAVE YOU ANSWERED ALL OF .THE
QUESTIONS? IF NOT, REVIEW THE
MATERIAL OR STUDY ANOTHER
RESOURCE UNTIL YOU CAN ANSWER
ALL QUESTIONS CORRECTLY. IF YOU
HAVE, CONSULT YOUR INSTRUCTOR FOR
FURTHER GUIDANCE.
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