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PURPOSE OF THE STUDY

The Bureau of Vocati 1 Education, Louisiana State Department of

Education was awarded a"grept to mike a study for,the articulation' of.

competency based curricula,foc the Coordination of selected vocational-
.

technical educatibn programs. e five areas selected for study and'
-

. .

development of competency -based c4rricula were: (1) Air-conditioning/,

Refrigera0on, (2) Drafting, (3) El ctronics, (4) Nursing, and (5) Office

Occupations.

A team.oi writers worked the §ummer of 1975 detreloping curricula

or uidds.for teachers on the three institutional levels:, Secondary, Post-
.

Secondary, Vocational-Tech olcak and Associate Degree programs on the, P.

collegiate level.

Curiiculum4riting Team Members
yo

Air-conditioning/Refrigeration:

obett BolmarCich,Chairman
Ins.truclar,,McNeese State University

Lake -Charles, Louisiana

$olan D. Simon, Instructor,
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Baton Rouge; Louisiana

Willie Montgomery, Teacher
Sulphur High School
Sblpbui, Louisiana

Mrs. Mirion M. Bridges, Chairman
Shreveport - Bossier Vocational-Technical Center

. .Shaveport; Louisiana

Lowell -Brown, Teacher

Byrd High School
Shreveport, Louisiana
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H. L. Henry, J., Wpartment.Head
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.(--,,, -------
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Electr
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INTRODUCTION

The material presented in this two-year high schopi electronics program

is directed toward the average student. Emphasis is placed on application of

elect'onic theory. An understanding nf_the basic mathemart6l operations,,

algebra and trigonometry, is desirable. As the student progresses through

the course, essential mathematical concepts alcemphasised.. It is the intent

of this course,t, encourage the student with a less than adequate mathematical

backgroundto succeed in electronics. This 3. ,achieved thrdugh the extensive

use of experiments and hands-on experiences. Safety is an integral component,

of each task and is emphasized repeatedly to the student as,progress is achidved
.

throughout the course.

It is the objective of this course to)Provide the average student with a

wide background of experiences in basic' electronics during the firet,year.
- ,---

.

Emphasis is placed on the usgrrf-lhatsive components, 'practical cirdat analysis

k------)
and diagnosis of bagic circuits.% Progress in the second year is correlated

between basic circuits and the areas of audio (tape players) Vaddo and tale

vision. Re- emphasis of the basic circuits is achieved thtOugh hands -on

experience In diagnosis and repair of live work.
.

This competency -based curriculum In electronics is pregented for possible

implementation at the high School level. Its flexibility is limited only.by

the goals of the instructor. Ube of breadboard instruction such"as Hickok or

'Lab-Volt can be used to achieve many of the comEetency=based tasks.

This' curriculum does not pr oduce a certified technician. It permits the

.

student to make a real(listic'career decision -as to potential success in electronics.

and provides a technical lackground for further,training after Completion of high

School. The student is able to enter the trade at the apprentice level.

. :

1

1 0

S



, I

ELECTRONICS FOR HIGH SCHOOL STEIZTS
.er

,AASIC ELECTRONICS, RADIO AND'h

FIRST YEAR ,//

I.'dlasic Direct' Current Theory

Ele tron Theory
----IA.: En gy Sources-

C.. Ohm s La
D. Conductor and Nonconductors
E.: SiMple S "tic%
F. The Series ncuit.
GK :'-the Parallel Circuit

..E. The Analysis of Passive DC Circuits

II. The OperatiOn and Application"ortaic Measuring Device?
';,;"

.A. The Galvanometer
B. The Ammeter
C. ThetOhmmeter
D. The Multimeter.
E. The Oscilloscope.

;'

III. Fundamental Passive Componfints.

-r

(74 J

.

-...A. Resistor.Characteristics
...! B. Resistor Color Code'

... .
...C. Cdpleftosiparacteristics

N .D. Caliatripi-e4or Code
E. InducterCharacteristics -)

.
.....:--;

. F. Capapitori7-or Iductorg in Series
,. . . -,,,,

1.

G. Capacitors or Inductors in Parallel
',

I .t'

.
,H. Time Constants \ .

.:-..-

,
,

IV. Alternating Current Theory .

A
.

.0

A. The Sine Wave
a. Instantaneous, Peak.and,RtiS Values of Voltage

-_____e...--,4fistantaneoils, Peak and RMS Values of Current
D. Inductive and Capacitive Reactance
E. Vectors
Z. Impedance
G. Resonance
H. Series Circuits

Tr. Parallel Circuits
PoWei

.0
2

11

.

`s,1. 1
P I

.
.



w.

Application of the Oscilloacope 1.1

A. Familiarization with Operational Procedures

B. Limitations and Advantages

C-. VOliage.Interpretations
Waveform Interpretations

E. Frequency Interpretations

VI. Vacuum Tubes

A. Thermo c 'Emission, 7.

B. Characteristics .

;C. Triodt Characteristics
D,. Tetibde Characteristics
'E. Pentode Characteristics
F. Gas, Tubes

G. Cathode Ray Tube

VII. ,Sem4.con;ductprs

A.. Current 'Carriers
,

B. Bias

C. The-RN JuectiOn Characteristics
D. Transistor.CharacteristicS
E.' PNP Anl'ARN
F. Circuit Parameter Measbrements
G. -Biasing and Stabilization

I

VIII. Schematics

A.

B.

C.

'Amplifier Block Diagrams
_

,...

Tape Player Block Diagram
Rano Block Diagrams

o

sr.
IX. Power Supplies

Ae. The Transformer
S. Half-Wave Rectification
C. Full -Wave' Rectification

D. .Voltage Doublers
E. Bridge Rectification

Filters

G. Regulators

C
.... .-

F 1 4. .

3
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t.

X. Amplifieis

A. Voltag, Amplifieii.
B. Currents Amplifiers

C. Rpwer Amplifiers
D.. Coupled Amplifiers 4

E. 'Fiequtncy,CHUracteristics of Amplifiers
Fr' DiStortiori,Analysis of Amplifiers ,

4

4.

XIS OsciliXtors

Armstrong
B. Hartley
C, Colpitts
D. Multivihratcx
E. -Crystal
F.

XII. Redeivexs

A. Wave Propagation
B. Antennas
C. Tuned !Circuits

D. Detectors
E. Superheterodyne Receiver

Business Procedures

A.- Coakomer Relations
B. Advertising
C. Estimate of Repairs
D. Financing
E. Display
F. Service Orders
G. Set Identification
H. Invoicing and Billing

. II. Test Instruments

JA: Equipment Safety
B. Basic Test:Instrumehts
C. Signal Trace;si-

D. Oscilloscopes.
E. Signal Generators
F. Hunan Sensors

4

SECOND YEAR

4
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III. Aaplifiers

A. Safety

B. Block Diagram
'C. Transducers
D. Controls

E. Preamplifiers
F. Voltage Amplifiers

-G. Power Amplifiers
B. Troubleshootily .

, .

IV. Superheterodyne Receivers

A. Safety

B. Block Diagrams
C. Cbntrols
D. Antennas

E. RF Amplifiers
F. Mixers
G. IF Amplifiers
H. Detectors
I. Audio Amplifiers
J. Power Supplies

K. Troubleshooting.

V. Monochrome TV Receivers

A. Safety
B. Introduction to Television Theory

C. Block Diagram
D. Controls
E. alle Tuner. ..

F. TheiF Amplifiers
G. The Video Amplifiers
H. The Audio Amplifiers
I. The Sync and {UGC Amplifiers p -

J. Vertical and Hbrizontil Deflection Circuitry

. K. Power Supplies
L. Troubleshoot4g

"VI. Color Televisibn Receivers

A. Safety

B. Block Diagram
C4 Controls

D. Conveigence,Procedures
E. Picture Tub ng

F. Troubles oti

t., . ;,1; '

it

. ,
\ .L.1 .
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Task 1: Introduction to Basic Direct Current Theory Analysis

Performance.Objecrives:

Given paper, pencil and no references, thelearner is to:

1. Analyze a passive DC circuit. The circuii consists of a- source of
energy, a method of controlling the flow of energy, a method of

r transporting.thy.anergy and a resistive load.
2:- Identify the direct sources of energy.
3. List the characteristics of conductors and nOnconductors.
4. Draw 'and analyze simple' schematics using Ohm's Law as. applied to

series'or parallel circuits.'

-.

Criterion-Referenped Measure: The learner is to comPlete the analysis within
' two hours'with a minimal standard of 80 percent accuracy: The learner iS
allowed to re§eat until he achieves personal goal beyond acceptable instructor's
goal.

Task /: Introduction to Electricity

Performance Objectives:

,.
.-

.. , .
.,-

.Given verbal instructions, the stildent is to:

.
1. lsr the need for the theory of electricity, wave propagation,, sound,

and light. , ,.
. ,

2. Work the math that is needed to solve the basic concepts of electricity.
.. - ,

.,

Criterion-Referfteed 'Measure: Each student will be tested lomeaSure.bis prqgress
: .

to at least 80 percent accuracy. The 'learner is allowed&to repeat until be
achieves persbnal goal beyond acceptable instructor's goal. He,must be able to
shost.the'relationship between basic electricity and math.

1.. Written test 2

'2. Oral drills .
3. Class discussion

\_

Z

,

.

Performance Guider

. ",

1.

2..

3.

-4.

S..

6,

w '^""'

y.

The use of electricity as a source of energy
Electronics t .

needsfora .knowledge of electricity
Wave propagation-

Soand
Light
Prerequisite math
A. -NuMbdt system

-13.4. Arithmetic operations ,

C. Exponents,anstFradicals sv,
D. Power :of ten. ; tql

g!' Basic Algebra'

15,
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1;Task 3: Soldering and HandHand Tools

Perfermance

4

The student will identify, the correct use for'hand tools and soldering

techniques that are necessary for electronic repairs.

Criterion-Referenced Measures: Each student will be able to solder various con-.

nections in a chassis. He' will be able. to wine, and splicevarious 'sizes of

wire, we the hand tools in the correctmanner, use the correct soldering
,procedures. and all safety rules. He,Oust be able to achieve 100 percent

accuracy.

. ,

Performance Guide:
.

.

. , 4,

1. The soldering gun .

2. The soldering pencil, , ',rt.,:

3., The'tbols of the trade . .
,

u 'A. Diagonal C'utters
. .

.

B. Long nose pliers .
, .

C. Spih tights r
. :.

D. Screwdrivers ' ..

.

E. Readers ,,

.
F. Adjustable wrench

...
-...

,

The use,of the chassis '

. 5. The use-of the chassis punch pi

6. The terminal strip

1.n

7,... Splicing of wires

' . -8: Safety

Task 4: Theory of Electricity
, -'

.

-Performance Objective:
.

Given the equipment listed below, the student will'be able to 'ist .

the basic.cohcepts-bf magnetism, eleetricfrY.,- eledtrontoic,-)inrifie;ET.A.

color code for resistors. ..2 . ..: .- -- -----; "-----!-___,..____..,_i_

. .

-,
.

Equipment:
''

7

1. .1.T.ari,bus sizes of resistors

2'. Bar maknet

. 3. Galvanometer .

.4. Ironfilinss A

Given a lab assignment, the student will'be.a4e t44

4

.

1. Demonstrate two ways of geaerating,EMF: . 1

2. Apply theEIA color Cole when given a tray of assorted resistors.

..
: 7 .

4,3
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Criterion-Referenc ed Measure: The student will show biwritten test and.by
demonstrating that he can apply to at least 85:percentaccuracy the basic
concepts of electrical theory and the EIA colbt code to.160 percent accuracy
Hewill be ,allowed to repeat until. he achieves' personal" goal beyond

cceptable instructor's goal.

.

t' Performance Guide:

1. Atomic structures
2.' Conductors

"t. Electrostatics'
4. Magnetism

1 5. EMI'

6. Methods of producing IEMF

7. ,Electric current

' 8. Resistance -'EIA colO code

9.' Symbols and abbreyiations

%re

.

I

Task 4r 'Direct Current Circuits

Performance Objectives:

r

piven the equipment listed below, the student will, be able tb:

1., Solve a Probla4 for.thercurrentoltageeind resistance in a sera
parallel and comR6und circuit.
Hook up his circuit and prOve'that his calculations are'correct.

Equipment:

1. Large chassis
2. Power euPplyt: 0 to 400 volts

3. Assorted. sizes'. oz resistors

4. Terminal strips
5. .Solderinggun ox pencil
6. -Iolt, Ohm,mgter '
7. Bread board and. fanstock-clips

A

Oc

Given a lab'aesignme4t, the stLdentwill.beable to:

1. Wire aeries aad par3lleb circuit in his chassis to prove that the

calculations that he hAs.done in'the classrooms arecorrect.

2. Show the correct procedures and safety precautions while using the

VO. .

3. Show the proper way taiuse-the.VOM to'100 percent accuracy.

Criterion-kaferenced Measures:- The student will be te sted to show the basic DC

circuit.laws, how to Calculate the current,voltagd and.resiatance in a

series, parallel, and combinatiob circuit. His;soldering technique will be'

observeeto check his progress. He must be able to achieve a minimal,standaid/

of 80 percent accuracy. He isdallowedto repeat until he achieves personal

. goal beyond acceptable instructor's goal.
-

1:7

8 -

/ 1



.

OP.

Performance Guide:

"floc
1.

2.

3.

4.

The simple..circuit
Factors' governIng current

A. Voltage
B. ReSiSia9ce
The,nattre of resistance,

Series circuits .

5. Parallel tircuits

6. CoMbination circuits '

7. Voltage dividers s

8. How to use the VOM

z 9. Safety

Task 6: Batteries and Cells

% .

Performance Objectives: -

.4
1. .

:
, .

,

- Given-the equipment listed below, the latent will be able to;. . .

. .
..

. .
.
1. Measure the voltage and check the condition and prbpe care of

.
: the various types of 411s. .., ,. ...

.

e.-

t

* r

. 1
re,

G.

'2. Series'and,parallel connect various types of Celis:-,

r o

...

Equipment: . 4

,.,,

"1. storage. cell
. .

Hydrometer.
f

Lead acid

v.

2.

3. Various sues of. dry cells

4. -6.3 yolt lamp (47 or 189Z Nampa)

5. Hbok-up wire, solder
.

Given a.11ab'&signment,, the student will be able to: ,

.

1. Demonitrate how to'series connect and-pprallel connect the batteries

when given two bulbs. . .

2. Show how to-usecthe,hydrometer. .
4

S -

, 1*

:

. .
. ., A

,..

Criterionzlieferenced Measure:- The student will be tested to show hips 'ability

to tell the 4pe'ci`of 'cells, their voltage, and -groper "dire,-to af least 80

accuracy*,by thb use of a: (1) 'written test,.( oral test, or

(3) perfOrmanceeeSt. He is allowed to repeat until h achieves perswil

goal beyond acceptable instructor's goal. 4 '' 4

5-..
fl.

Performance Guide:

:

1., Types f Celli
A,. Pr ry

4
/ .41)4 Vara C441$11.1. WWII N....44. .1V 44 Cr.. 1 14:10 ...1T -A

j1(2). D cells

) (3) Merc cells .

9

.7;,.,,k
t
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B. Secondary Cells
(1) Lead acid

(2) Nickel cadium_
(3Y Nickel iron

2.' Cells in 'combination
3. Battery maintenance
4. New development .

. .

.Task 7: Magne:Eism and Electromagnetism

Performance Objective:

s

11

The Student will illustrate and define thefbasic magnetic and
electromagnetic laws and thedry by using the fdllowing equipment.

.
Equipment: '

.

.

`'1. Bar magnet
. e

2. Iron filings .

:1;;,3:: Compass
. 41: Small gauge wire
''5 Power supply 0 to 40 volt Hickok ssb or equivalent

*,t

'Given_ a lab assignment, the student will be able to: .

. _ .,
,.

14 Prove with the eggipment:stated_ab'ove the.basl.c laws of magnetism . .

aiaa electromagnetism. ..

2. Prove that what hat been stated in'class is a fact.
. . .,..:

t -,x, is.'," ,, , .,

.

Cr

CAterion-.Referenced Measure: Thestudent will be tested to prove that'he
can list the basic laws andottleOries of magnetism. He must demonstrate a
minimal standard of 80 percent accuracy._ He is allowed to repeat until _4,
he achieves personal:goaN, l beyond acceptable instructor's goal.

Performance Guide:

1. Magnetic fields about/it conductor
/. Magnetid field of a coil

A. Field strength
B. Magnetomotive forcer
C. Flux path

. D. Reluctance
'3. Applications of electromagnets

10

19
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'Task 8: - The Operation and Applications of BasicMeasuring Devices..
.

Performance Objectives:
.

4

Given paper, pencil, dalvaoometer; Ammeter, Vqltm ter, Ohmmeter, Muitimeter,

a paisive circuit and noreferences, the learner will be able to:

1. Identify in-wilting each basic measuring device and list' its

characteristics.
2. Connect each measuring device correctly to the pissive circuit.

3. Write the value indicated by the pointer on'the Scale..

-4. Write.ttle value indicated by he pointer:on measuring devices"

which have more ,than one scale.
'

5. Write the value indicated by the pointer orf meastring devices*
which have more than one scale and a range awftch.

b. Write the.value indicated by the pointer on a measuring device,
select the correct range position and the correct function position

of the range and function switch(es).

4t
1.

. .

Criterion-ReferencecrMea. ure: The learner is to complete all measurements and

lasting within two- hours with a minimal standaidof 80 pegcent accuracy. The,

learner is allowed to repeat until he achieves Personal goal beyond instructoPi
,

goal. .:
, ,, ir

'4

-41 I . .,

.-' ./.. t., ,

- vs.- -
-.
4

Task 9: Meters; HOW to' lase
2

se Then and Row They Work
..*J-.-:W

4

.) .. . $

4
.4,

- ; ir,

Given an ohmmeter, ,ammeter, and a multimeter, every ItUdent it elettroniqe-

%- must be able to: r 1 .

. -... -1

Perforadance ObjectiVes-:,

,

1. Usemapers and re'paii them if ;he become inopkintive. ,

2: Quifine.the opeiationr the safety procederes, the correct use of
..

-

. each.

'. e ":14 - . .
' W.

. Given one Chassis, one'lzter and assotted components, 4e-student will be-
.. ., .-

'able to: -
1,, ..

. .

,

, . . ..

1. Make an ammeter;.ohmpeter, and volYMeter., --. ,4 ,

2. -Csaculate dllValues anCcoiponents that Kie.neededie accomplish the
.

.. - task...,:-.. ...: %..,, -'4 4

...

..,

- a... Wireupthe.tietittii in the chassis. , , ,, , -

-
r. - .

. , 4.. Follose,alhatifity rules to make certain the eluipmeti...ts used in die

''. . righi*nner.. (Have, all work checked 'by instructor),

t

Criterion - Referenced sure: Each attldeat:yip. be -tested fomake sure that
- ,...,,, 4

he'e VT e-All the laws, the proper and the care of all:the-meters

" covered 4nthis unit/h-instruction.' The teudent mutt achieV4 a minXtal

standard of §0 percent:tccuraCy but 4 allowed to epAse until be achieves

.!. v-personal goal. bOorid 4,peeptable instructor's goal on eftin unit try: (1) written

I. tests, (2). oral'arills.i. and (3) performance testa: I. :
.4

.

. ...._ N. ' "I

',. ,, . , r .

' ,. 1 .

,,

I

.'
' .P.

. t
: 11 :

- .
.. .

-

-Ng

.2 0
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Performance Guide:

..JI. Ammeter t
-

;

A. D'Arsonval Meter Movement .

.c..,_ '13.1 Deflection sensitivity
C. Meter scales . -f

,

D. Ammeters .

.E. Multirange meters -:. .

. AmAtier construction 0
Care of meters . -

H. 'Mathematics
Voltmeter .

. .

.

4 A. Voltmeter theory of operation If
B. Voltmeter multiplier

C. Voltmetet.construction
D, Care of voltmeters .

3. Ohmmeters '

A.. Ohm' s' Law in -ol=altters :

B. The series'ohmmeter .

-C. Shunt type ohmmeter

.. Care of ohmt4ters

Mathematics " 1

..4
\..4. Multimexer". .

A., dare'cif mdltimeters - --

4. Safety precautions when using miatinieters
. ..

.. ,

,. '
I 0 ' ' ;#

0
.

Task I: 0: Miscellaneous.Neaspring Devices
-:.

.

.

. -,,.;

-

*

7.

a.

-..

.

.a , , .

i -,-13erforiance Objectives:.

,.:
. . . .

4 -
, . _

.. . Given..the equipment "listed below,"the student NilIbe,able
.

to:
A.

'
', ..

. . a
. .

it. Ideneify_othermeasuring_deVices used inlelectroniC service work;

2. Use..the-devices correctly and apply all the safet?rnles while
& ', ,, ,.'

. using the equipment. .
. 7.. .

-..?..,.,9
. -

4. a.

- -1

.
. ''.\ ,
Equipment: +. '4.\

, .

.
a

1. ab
2 '

iltimeter
..

,
2. Wheatstone .

-.

3.' Megohlmeiet .:'

4. VTVM(VacuumIde Volt Meter) .1

a ,5. Tube tester . I t

.

6. Transiitor-tester ._.

, -,......,
..,' i

7. Digital measuring deyites (voltmeter, ohmmetertfrequencyCountei) _
, .,;,

-. ... ;
t ,

. -

--, --

Criterion- Referenced Measure: The student will be tested tc,bescertain that

he can use the equipment in the proper' manner, and that he can.apply all the

safety rules. He must be able to achieve. 90 percent accuracy op this.unit

but isvillowed to.repeat until he achieves ersonal goal beyond acceptable , ?

instructor's goal by the use of: (1):Vri ten test, (2) oral tests, of

(3) performance,tests. ' -

'S

.
12,
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Performance Guide:
a.

I. :Multi:Meter 'j.

2. Vacuum ttibeyoltmeter
3. Wheatstonebridie
4. Megohmmeter
5. Tribe testers

6. Transistor. testers
7. Oscilloscbpe

N'
TaSk : Fundamental Passive Components

.r J
' -

Pettormance Objectives:' '

,..--

Given resistors, capaciiors,
..

indfiabrs,ohmmeter, capacitance andinductance
.'tester, paper, .pencil and. no refer nces,,:thel-earefts to:

..,

.1.. Write.the valpes,of.t selected nutabef of different resistors and
_the tolerance and power capability of eiei resistor.

.

2. Write the total combinational value of a selected number of resistors
of the same value connected in series or paralleror combinations of

. series and.Varallel. , , , -

. Write the total value_df a selected number of different resistors
, connected in series. --

..
4. Wrict approximate total-value-to within 25 percent_ accuracy of fit.

selected number of Atfferent resistors connected in parallel.

... 5. Measure and record by using an ohmmeter any combination of resistors
connected in -seies;-parallel or both, to-Within compobent tolerance.

. 6: Repeat above procedure for capacitors andinduetors.
7, Use capacitance tester or the inductance tester correctly for these

N . ,

(

measurements"

.7. . ,. ''' ..--- ,

Criterion- Referenced Meiiure: The learner is to complete writings and- measure-
ments withintwd hours with a minimal standard of 80 percent accuracy. He it

.' Allowed to vepeet_until he achieves personal goal beyond acceptable instructor's`

. -- _goal.. 1Y. - .

.

--7.--, I

I . '. 1 ''' 4' ..

. Vt. . .

. ,. . .

,.Task -12: Intt du 'ion-to Trigonometty / \41....-

...- .

i

.

...._

erformance.Ob
i ,. . ,. '

xGiven paperr,tOd anal, the student will be able to apply _the mathematics
-(itteded tosea4ke problems in electronit circuits.

1, .

'tl ' Ili 14; , ''

Criterion-ReferehetCRtsure:- The student pill be tested.,to.make sure. that he;
can solve a right '..fl.antle,using trigonometry and applying' it to AC electrical,
circuits. - i 11

_

. -

f

13
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Performance Guide:,

1. Angles
A. Generation of angles

B. Angular measurement'
2. Similar triangles k.

3. The right triangle

4. Facts about triangles
5. Trigonometric ratios

6. Solving right triangles
7. Sine function
8. Amplitude
9,eYrkquency

10. Period

1f.__Ebese
12. Problem solving session

''ask 13,: Alternating Current Fundamentals

Performance Objective:

The volume of energy produced for commercial application makes the study

of alternating current very important to, the electrician. All electronic

circuits are based upon alternating current phenomena. The study of alter-

natOr theory and the commercial applications of alternating current are of

utmost impdrtance. Using the above inforMation, the student is to list all

the phenomena and theory of alternatini:current.

Criterion-Referenced Measure: The student will be tested to prove"that he

can list alternator theory and phenomena to at least 80 percent accuracy.

Performance-Guide;

1. Alternator theory
2. Variation of alternating EMF

3. Frequency spectrum

'4. Hertz

5. AC values
6. Measuring alternating current

7. Mathematics '

S

Task 14: Laws and Properties of Inductance

Performance ,
Objective:,

.

$ ,_.

'.- .
,

Given paper, pencil and,no referenCes, the student will be able to list

the laws and proptrties of inductance in order to apply this important
..)

circuit phenomenon.

14+-
.
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Criterion - Referenced Measure: The student will be tested to make certain he
can apply the laws and properties of inductance, and can solve LR circuit

',impedance to at least 80 percent .accuracy., He.is allowed to repeat until
,he achieves personal goal beyond acceptable instructorgoal.

Performance Guide:

1. Definitions
Inductor

B. Inductance
C. Counter EMF
D. Henry

2. Theory of inductance
3. Physical aspects
4. 8eries,andparallel combinations
5. Inductive reactance.
6. Inductance and resistance
7. Impedance

18. Problem solving session

I
,-

Tas 15: Transformers
-r----:. ..

....,

'CZ Performance Objective:

Using; the material provided, the student will be Mile to outline and
f4k illustrate the action of a transformer in electronic circuits.

Criterion- Referenced Measure: The student will be tested with a written test
to check his progress to at least 80 percent accuracy. He will also be given.-
-aperforthance test to check his ability to work with ttinsforthers."

Performance Guide:

1. Magnetic induction. ,

2. ransformer action- 1 0

3. Powerin transformer circuits
4. Transformer construction-
5. 'Transformer losses
6. Considerations,

Task 16: Laws and Properties of Capacitance, .

Performance ObJectives:

1. The student will,be introduced to the laws.and'properties of capaci-
tance in order that he may apply this important circuit phenomenon.'

15
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4.

3.

a,

Criterion - Referenced.Measure: The student will be tested to make sure'that

he cap apply the laws and properties of capacitance to at least 80 percent

- accuracy. ife is allowed to repeat until he achieves personal goalbeyond

instructoes.goal.

Performance Guide;

I-

,, .
or .1

9

a.
.*

1-,

,.

lb.

34.

1. ,Capacitance and factors affectingcapacitance

2. Capacitor ratings 0

"3,

3: Capacitor combinations \\,

A. Series
e

B. Parallel

4. The RC time constant

5. Types of fixed capacitors:

A. Mica ,

B. Paper

C. Ceramic
D..-,Synthetic film

E. Electrolytic 41'

6. Variable capacitors

Task 17: Alternating-Current Theory
rJ

Performance Objectives:
\\--\.4y

-Given paper, pencil, and no references, the .learner is

,

3

1. Draw a sine wave and identify frequency, period and wave
.

length.; ,

2. Draw and define instantaneous, peak and qes values of,voltage4and .

current. -

3. Define inductive and capacitive reactance.

4.____Solve simple circuits using
inductors- or capacitors -or both inductors'

-2.'ind capacitors..

_

5: Draw and define a-vector.

6. 'Define impedance.'
Define power, true power, apparent power ,and pbwer factor.

e
.1

. 1

Criterion - Referenced Measure: The learneristó complete-the definitions,

drawings and calculations within two hours to at least 80 percent accuracy

but may repeat until, he achieves personal goal beyond'acCeptable instructor's.

goal.

Task 18: AC Circuits

Performance Objectives:

Given proper material, the student will be able to:'

1. Solve problems in series and parallel and cembination AC'circuits.

2. Outline all AC circuit

16
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.

. . .

Criterion-Referenced Measure: The student will be tested to make sure that
he can solve AC'circuieimpedance, power factor, and. power consumption. He
will also be tested'to solve resonant,frequency problems. He must be able to

.

__,_
achieve at least 80 percent accuracy. He is allowed to repeat until he
achieves, personal goal beyond acceptable instructor's goal.

Performance Guide:

A

-

1.

'

'3.

4.

5.

6.

7.-
4

;
AC circuits s
Reactance
A, Inductive
A. 'Capacitive
Phase relations
Vector representations
A. Rotating vectors
B. J operator
C. ElementarY'vector algebra
'Impedance'.

Power consumption
Series,AC circuits
A.' Capacitive circuits (ICE)..
B. Inductive circuits (ELI)
-C. Resonance

r

14

8., Parallel AC circuits
A. Capacitive
B. Ihductive --

C. Resonance
9.. 'Frequency spectrum

ie

-

UOB.,OPPORTUNITIES.AFTER COMpLEIION'OF BASIC ELECTRiCIrr,

ELECTRONICS ASSEMBLER

A

Bench assembler; elearomechanical assembler; electronic Unit aSsembler;

los

...-qe.44-

.1A171.
n
r

".Ak
utility operator; wireman. Connects lead wires of components sildh,iS
resistors, capacitors,'transiStors, diodes, and rectifiers, to spedgied
terminals using soldering iron or spot welder. Routes and fas&ns .ftecue,,

jumper wires and cables to specified contact points followinewiring dia, .

4ragrand wire list, to form circuit wiring., Test cirOktsfor .shorts and
,toiloen wires using ohmmeters. May cut and strip wires; using wire cutter% .

to prepare jumper wires anecables. May resolder connections orreplace,
-diefective components and wiring, following_instructions 'of testing or
.inspection personnto repair defective equipment'.

-;

17
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rlalk 19: Application o the Oscilloscope
f

Performance Objectives:

Given instructions for operating as pscilloscope,,a function generator
and test leads, the learner must:.

1. List in writing ell controls and their functions
the instruction manaal.

2. List three advantages and three disadvantages in
scoae.

3. Identify basic waveshapes, label frequencies and

f

without the use of

)
using the oscillo-

measure .voltages.

Use the pringing,test to elle& for defects in inductors.

Criterion-Referenced Measure: The learner is to complete measurements, identi-
fications, listings And drawings within two hours to within 75 percent accuracy

for D; 80 percent accuracy for C; 90 percent accuracy for B; 96 percent

accuracy for A. The learnef is allowed to repeat until he achieves personal

goal beyond acceptable instructor's goal:

Task 20: -'introduction to Vacuum Tubes

erformance Ob ecti s:

_

e\Given paper, p- cil, ttbes,coniisting of diodes, triodes, tetrodes, pentodes,

ghs tubes and datho ray tubes, the learner must:

,
Jr. '.'

1, Define the ouic emission.
_aaxacts istics of the tube types_ given.

Given a vacuum tube tester and a cathode ray tube teeter, the student must:

1. *Write the correct operating procedure for each.

2. Construct a Chart.
3.. Test all ttbds indicating iaentifyinganAper,function,.defects and

t

Criterion-Referenced Measure: The leainer is to complete all measurementst
definitions and listing within two hours to within 75 percent accuracy for D;
80 petceneccuracy for C; 90 percent accuracy for B;,96 percent accuracy for
A. All measurements are to be repeated until in agreement pith instructor..

All listings and definitions are to be repeated until 80 percent accuracy is

achieied prior to enttring next unit of study. The learner is allowed to

repeat until he achiet'es personal goal beyond acceptable instructor's goal.

18
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' Task 21: Vacupn Tubes

Performance Objectives:

Given needed material, the student will:

1. Demonstrate the theory of vacuum. tubes.

2. Shaw how the diode, triode, tetrodet and pentode tube is used in

i
electronic circuits.

.

3. Wire different circuits to prove tube circuit theory.

Criterion - Referenced Measure: The student will be tested ;iith a writteOest
to measure his progress in application of the theory of vacuum tubes to a
minimal standard of 80 percent accuracy. He,is allowed to repeat until he'
achieves personal goal beyond acceptable instructor's 'goal. Sewn). also be
given a performance test to make certain that he can work with vacuum tubes
in a live circuit. He_will show with training equipment that he can wire
various vacuum tube circuits.

Performance Guide:

1. ison effect
2.Jission of electroni

Thermoniolemission
. Photoelectric

C. Secondary emission
D. Cold cathode

3. The diode tube. .

A. Construction; of diode
B. Physical' construction 11---

C./-Operation of diode
D. Tube socket and babe

4. Mathematics- '
, 5. The triode

A. Constructiofi of the triode
e AB. Operation of the 'triode

(1) Controloeid action.
(2) Bias

C. Tube charicteristid
, (

Plate resistance
1) Amplification' factor

"* 411(3Y Transconductance
(2)

6. The triodeas a variable resistor
7.' The tdrode .

A. Constructio4
1 B. Operatibn

.,

8. The pentode
A.. Construction
B. Operation]

9. Mathematics I



0-

1

. I

Task 22: IntroductionJto Transistors

Performance Objective:

Given needed material, the learner must:

I. Shoe basic transistor theory.

2. Show operation of basic transistor circuits.

**.

...

Critirioi-Referenced Measure:" The student will be tested to measure his

progress and application of basic. transistor theory_to at least 85 percent

accuracy. He is allowed to repeat until he achieves personal ,al beyond

acceptable instructor's foal. : -,.

"V ,', r

Performance Guide:

'-1. General definitions,
. 2. Current carriers
3, Transistor materials
4. PN junctions
5. PN diode

A. PN diode'bias
.

B. III diode Characteristics

C. PN rectifier
D. Zeder effect
E. Zener diode

6. Tunnel diode
7. Batic transistor

Task 23: Semiconductors

Performance Objectives:

Given tra nkstor data manual, transistor teste r instructign manual, an
assortment of transistors, transistor tester(S) and an ohmmeter, the learner

must: r.

1. Define minority and majority current carriers, forward and reverse

bias, PN, PNP'and NPN junctions.

2. List major transistor characteristics and parameter measurements

utilized in transistor tester(s).

3. Draw sthematically and define the types of biasing and methods of

4. L t the sequence necessary for testing transistors when using an

. o meter or when using a transistorteetar: '-

5. Construct a chart having treat:146Si number`, function, leakage(s),,

quality and replacement.

6. Use instumehts provided to test-transistors and record data on

chart:

20
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Criterion-Referenced Measure: The learner is to complete measureaents,
definitions, listing's, drawings and charts within two hours to a/IA*0mM
of 80 psrcent accuracy. He is alloWed to repeat until he adhievesipersonal,

_goal beyond acceptable instructor's goal._ _An smeasuradents dreto be in

agreement with those of the instructor.

Task.4: Transistor Theory and Typical Circuits

Performance Objectives:
.

With the material provided,the student win:

.1. Illustrate transistor theory and general circuits now in use.

2. Show how to Check the transistor with the proper equipment.

3: Show how toremove-and replace the transistor in the correct manner
Without damage to the circuits..
..4

.

Criterion-Referenced Measure: The student, will be tested to measure his

progress,on transistortheory, and had'ta check them, and replace them in

the correct manner. He must achieve at least 85,pezcent accuracy. Be is

allowed to repeat until he SaireFFISpersonil goal beyond acceptable
instructor's goal.

VtrformanCe Guide:

1. Amplification
2. Inputoutput circuit interaction 4.-

.3. Transistor gain t

4. Common emitter transistor amplifier
5. Cocraon base transistor amplifier

6. Common collector transistor amplifier
7. Current, voltage, power gains
8. Comparisonaf dfiaracterisaCs
9. Characterititiq curves

.10. Power
11.. apical transistor data
12. Safety precautions

Task 25: Iniegrated Circuits
:

Performance Objective: .

c

Given Material provided by the instructor, the student All. tg
-.,

Illustrate basi integrated Circuits, haw to use them, how to remove

- themilfrom the reuit and how to replace amain the prcipernariner.

0.
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Criterion-Referenced Measure: The student will be tested to measuke his ability
to work with integrated circuits, and how to replace thea without damage to the
circuits achieving 100 perdvnt accuracy.

'Performance Guide:

7

1. Basic processes
2. Thin-film techniques
3. Semiconductor techniques
4. Silicon processes
5 Comparison with aiscretp components
6. Integrated circuita:applications
7. Safety precautions

Task 26: ScheMatics

.

Performance Objectives: --. e r

.
. .t. .

Given SAMS photofact index, photofact schematics, manufacturer data,
paper or'block diagram format and Any home entertainment amplifier, tape
player or radio,'the learner must: '.,. .

6

. . ,

1.- Identify: brand, model number, serial or chassis number, SANS index
.)

number or manufacturer data. _

2. rd function of tech tube(s) or transistor:_
3. b d1.flow of da sensor.(antenna, cartridge or tape 'head) to

reproducer (speaker) agree with that of the instructor.

Criterion7Reference1 Measure: The learner is to. record identifying data,

block diagram with functiOns in correct sequence without references except
SAMS photofact index and schematic. This must be repeated for any home
entertainment unit until in consistent agreement with instructor.

Task 27: Introduction to Power Supplies

Performance Objective:

.
With the material provided, the student will show the use of the trans-
former, half-wave rectifier operation, full-wave operation indfilter
circuit operation.

: .
0, .

Criterion-Referenced Measure: The student will be tested to measure his

of the instructor. he will be given a performance test td make sure that he

-----,-..,
progress to at least 80 perckni accuracy in the ule of power supplies. Be
is allowed to repeat until hi achieves personal gbal beyond acceptable goal

can work with tower supplies in real live equipment..
. . . '4.

I
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Performance Guide:

4

1. Use of the,transformer.
2. Bali' -wave rectifier operation
3. Fall -wave operation
4. Peak.inverse voltage
5. Filter circuits

A. .Capacitance filter
Inductance filter.

C. Filter combinations
6. Review

Task.28: Power Supplies.

Performance Objectives:

0

I.

`Given any schematic, a power supply, voltmeter, ohmmeter,..oacill scope,
the.01learner must, without .aid of references:

1. Define the component; of epower supply. .
2. Draw schematically and explain each of the following functions:

half-wave, full-wave, voltage doubler and bridge.
3. Draw schematically and explain the type" and the "PI" filter.
4. Draw schematically and.explain how a voltage regulitor works using

zeners,,VR tubes or vacuum.tUbei4
5.' Identify the type power supply used, measure referenF voltages and:

verify waveforms. . .

.6. *Correct malfunction in power supply of.any home entertainment

smplifier,'tape playeror radio.

Criterion-Referenced Heaserel The learner is to complete definitions,
schematics,, explanations and measurements within two hours to a minimal
standard of 80 percent accuracy. He is allowed to repeat untilhe achievse

goal beyond instructor's goal.

- *

Task 29: Rectifiers, Voltage Dividers, Regulators, and Voltage Doublers

Performance Objective(

Prpvided with ne eded material, the student will demonstrate electron

tube and dry-metal rectifierit, voltage divider,'regulators and voltage
4puhlers circuit configuration.

f

32

23

*-



Criterion-Referenced Measure: The student will be'tested to measure his
progress to at least, 8O" accuracy on voltage doublers, regulators and

rectifiers. He may repeat until he achieves personal goal beyond instructor's

scud. Be 'will be given a.performance test to check his progress and ability

eg'w-ork on live power supplies, and to troubleshoot supplies.

Performance Guide:

1. Electron tube, and dry-metal rectifiers
A. Mercury vapor rectifiers
B. Selenium rectifiers
C. Circuit arrangements

2. Voltage dividers
A. Divider with load
B. Bleeder resistor
C. Voltage divider resistor

3. Regulator circuits .

4. Voltage regulator tubes
5. Half-wave voltage doublers
6. Full -wave voltage doublers

7. Half--wave cascade voltage doublers

8. Voltage triplers
9. Bridge circuits
10. Bridge doublers

11. Troubleshooting.

``Task 30: Amplifiers

Performance Objectives:

Given any schematic, amplifier, voltmeter, ohmmeter, oscilloscope,
signal geperator and function generator, the learner is to, without aid of

references:

1. Explain how any of the following amplifiers function and draw its
schematic, voltage, cutrent, and p r.

-2. Explain the types of biasing, which can e.used.

3. Explain the types of which may be used.to connect atplifier

stages' together.

4, List the frequency chara istics necessary for a good amplifier.

5. List the types of dist Lion which may be generatea'im an amplifier.

Given any home entertainment amplifier, tape player or radio and a stand-

ard tool kit, the student must:

1. Record the following data deviation from reference voltages and
resistances,amount of amplification provided by amplifier stage and

distortions.
2. Analyze difficulty in a malfunctioning home entertainment System and

return it to acceptable.working condition.

33
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riteridn-keferenced Measure: The learner is to complete-definitions, listings
and-ekplanatiobb within two hours to a minimal standard,of 80 percent accuracy.- '

He /s allowed iorepegt, until he achieves personal goal beydnd instructprls
. .goal. -

.

Task 311 Amplifiers and Oscillosfopes

Performance Objective:

I

.

-

With the _e4 eat.and material provided, ,le student demiwtrate
tire ampli er and the correct use of the ascilloscope.

t v lo- _
1

.-

. .

Criterion-Raferenced Measure: The student till be tested ZD measure his
progress to at least 80 percent accuracy 4$41 ability to Work withlbasic
amplifiers., He may repeat until heachievo personal goal beyond instruc-
tor's goal! .He will be given performance test to show hie-ability to. use
the oscill6scope to githin,100 percent of the instructoiThemands_and his
ability to wire various tube circuits and check the frequency response,
voltage and power amplifications.*

_

Performance Guide:

1. The amplifier
2. Classification of amplifiers

A. 'PrequenCy
B. Voltageend poWer
C. Operating level

(1) Class A
(2) Class B'
(3). ClissC
(4) '414ss AB and ABl.

-3. --The basic tube dhpllfief-
.

.4. Method of bias
A. Cathode bias.?

.B; Self pies.
O. External bias

.c 5. The oscilloscope
A. Cathode ray tube
B. Beam fOrmation
C. Deflection
,D. Production,of scfeen trace
E.' Use of the oscilloscop

4

p
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Task 32: Types of lifiers

,

Performance Objective-"

Provided with needed material, tie student will demonstrate the dif-

ferent types of amplifiera, their use apd how to troubleshoot varilUs
circuit configurations.

.

. . / ,.

Criterion - Referenced Measure: The student will be tested to make sure thate
outlines the:material covered on amplifier types, -Hs will be7Cestid by. ,- .

troubleshooting and using test equipment. He must obtain at least ao percent. '

accuracy. Me%is allowed to repeat' .until he achieves' personal goal beyond :..,'-,

instructort . -s.goal
.

. ..

i

PerforMance"GUide:'

1. Triode RC coupled amplifiers
A. 'Single stage amp

ed,
B. Two stage amp .

2. Transformer-coupled amplifier

3. IMpedance coupled amplifier
Direct coupled amplifier

5.. Pentode amplifiers
A.1RC coupled
B;.Tran4former coupled
C. DC coupled

;

Tisk 33r Amplifiei Circuits

r

F

%
Performance Objective:

_

With the equiprdint provided, the student wilt the various
amplifiercircuits and how to' troubleshoot them With the correct test

equipment.

.- . .

--" .

,
.

Criterion-Referenced Measure:: The student will be tested to measure his

.
ability-to-troubleshoot amplifiers with the correct test equipment. He ..

will take a written test to measure.his capabilities to at least 80,ercent

accuracy. He is allowed to repeat'Until he achieves personal goal beione-__

instructor's pal.' -. :..

Performance Guide:

1.'Rarmonics
2. Wave forms .

A. Square wave
B. Sawtooth waves

. 'C. -Peaked waves

4.

.-
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3. Distortion i", 7.. , ' .A. Fequency gitort/on ,
B. Base distoepionv
C. Amplitude diAtmrtIon

.

D. Crossover aiitortfon )

,-,
4. Controls

. -
. a: ....,/

A. Volume ,

,

B. Tone:
5. LOndspeakers

A. Dynamic
B. Electrodynam/4

.1
6. Power amplifieri :

.

A. Class A single' ended : s.

B. Class B power qmp '
C. Push-pull amp,,

.7. Phase Inverters
1 A.. Cascade ..: ,

B: Cathode fallower . 4

S: ladio fiequehcy amplifiers ,,

A. Noisafigure ',4:! . . .

B. ;Power gain .'

C: Cross modulatiOn "-_
.9'. Intermediate frequadCy aaplifier's

A. 'Video 'amplifiers , , P

L. Hi-fi amplifiers .

(1) Typical amplifier
(2) Operatidn, . \

Troubleshooting -the .hi.:-fi amplifier and other 'amps
.)

?

.

Task 34: Oscillators

Performance Objective:

With the material ,provided, thg student will demonstrate tank circuit

oscillations, and types ofesChlaters for dinWidal-ind nOriSinUSoidel,
circuits.

Criterion-Referenced Measure: Eighty percent accuracy must be achi'eved by

,student on -tests (written, practical) selected by the instructor. Heomay
repeat until he achiekres personal goal beyond instructor's goal.

Performance _

.1. Introduction to-cscillators'-
. 2. Tank circuit oAillations

3. Types of sinusoidal Oscillators
A. Hartley oscillators' .

B. Armstrong oscillators

C. dcilpitts oscillators
D. CrystaIbsciiiators

27



4. Types of nonsinusoidal oscillators,
A. Plate coupled multivibrators
B. Cathode coupled multivibrators

Monostahle multivibrators
D. Bistable multivibratins

5. Use of oscillators

Task 35: Application of Oscillators

Performance Objectives:

Given any,schematic, oscillator, voltmeter, ohmmeter, oscilloscope,
f.requency counter and a standard tool kit, the learner is to, without

. aid.of,refer.ences:

1. Draw the schematic of the following types of oscillators: Armstrong,

Hartley, Colpittst TPTG, Crystal and Multivibrator.

2. Determine deviation from reference voltages and resistances.

'3. Determine if oscillator is functioning.
4. Record. voltages, resistances, frequencies and wave shape data.

Criterion - Referenced Measure: The
and explanations within two hours

accuracy. He is allowed to repeat
instructor's goal.'c

Task 36: Transmitter Circdits

Performance Objective:

learner is to complete schematic drawingi
to a minimal standard of 80 peace t
until he achieves personal goal b yond

With the material provided, the student will show the batic transmitt
buffer amp, transmitter amplifiers, frequency multipliers, and trans -

nitter output.

Criterion - Referenced Measure: }The student will be tested to measure his

understanding,of transmitter 40Oi$r with written tests, oral drilla,,and

,class discussion. He must be'Ahle to obtain at least 80 percent accuracy

on these tests. He, is alioWed to repeat until he achieves personal goal

beyond instructors goal.

Performance Guide:

1. Basic transmitter
2. Block diagram of a.typical transmitter

3. Buffer amplifier
4. Frequency multipliers

28
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5. Tra ter amplifiers
A. Class
B. Class A
C. Class B

6. Transmitter ampli =r bias

A. Fixed bias
B. Self bias
C. Cathode bias
Transmitter.output7.

8. Transmitter tuning

9. Antenna tuning and_coupling
10.. Transmitter and antenna tuning procedures
11. .Neuiralization and parasitic suppressiofi
12. Transmittenkeying

Task 37:. Modulation Systems

Performance Objective:

With dematergtlzr:ted, the.. strident will illustrate laid

principles, and h e will beused iu,the transuritter'syst

Criterion-Referenced Measure:, The student 1 be tested to measure his,
ability ta at least 80 percent accur n

.

modulation systems. He is
allowed to'reyeathntil he aChieVes personal goal beyond instructdes goal.

Performance Guide: -

1. Modulated
2. Amplitude

A. -Power
3. Frequency

A. Carrier rest
Frequency deviation

b. Carrier swing
D. "Percent modulation
E. Moddiation index-

4. Amplitude modulation circuits
A. Input.circuit modulation
B. Output circuit modulation.

5. Frequency modulation. methods

wave compodehts
zse.modulation

relations and modulation percentage
modulation

f-



Task 38: Antennas and Transmission Lines

Performance Objective:

With the material provided, the student will illustrate the fundamental
principles of antenna theory, and how it will be used in the transmitter

system.

Criterion-Referenced Measure: The student will be tested to measure his

ability to 80 percent accuracy on the theory of antenna and transmission e

lines. He may repeat until he achieves personal goal beyond
410
instructor's

goal.

Performance Guide:

1. Fundamental principles

2. Electric field

3. Magnetic field

4. Basic Considerations
5. Electrical length

6. Radiation resistance

7. Input impedance .

8. Antenna tuning
9. °Polarization and radiation

10. Basic antennas
.

A. Marconi antenna

B. ,Hertz antenna

.11. Transmission lines .

,22.' Characteristic impedance
13. Types of lines

A. Nonresonant lines

B. Regiinant lines

14. Impedan6e matching

Task 39: A Typical Transmitter

Performance Objective:.
*

3

"."

.t.

With the material proVided, the student will illustrate Igeneral circus,
description, tuning procedures,' and troubleshooting of a typical

transmitter.
-
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Criterion-Referenced Measure: The stud will be tested on the typical traia
mitter to measure his application of the theory of transmitters to, 80 percent

acduracy. He is allowed to repeat until he achieves personal goal beyond

insttuctor's goal. He will also be given a troubleshooting test to repair

a tipiCal transmitter system. It will be -up to the instructor to decide the

level he must obtain on troubleshooting.

Performance Guid$04.

1. Block diagram of a typical transmitter

2. Tuning procedure
3. Troublelhooting the MOPA transmitter.

Task 40: Receiver Introduction'

Performance Objective:

With the material provided, the student will demonstrate basic receiver

theory, and receiver antennae.

i =

Criterion Referenced Measure:
to measure his application of
He is allowed to repeat until

goil.

PerformancGuide:
-.A

The studpnt will be tested (written, practical)
o,

receivertheory to at least_80 percent accura4.
he achieves personal goal beyond instructor's

Receiver conscderati
A.

B.

C.

D.

E.

r

C. RF
D:" Demodula
E. AF ampl

F.' Reproducer

3. Reception

4. tion

ilter

6. oduction
tel headphone

Sensitiirity

Signal to noise ratio
SelectivitY
Stability. .

Fidelity
ceiver requiremer

tenna
on seledk9or tuner

icathn
detector

t

B. Magn c headphone

7. Receiver t atlas

A. Wave traps

.

- 416
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Task : Receivers

\

erfoanance Ob ect\ives:

Given a sch
cil oscopet si

earner is to:

.

Vt

ic, a superheterodyne receiver, voltmeter, obrmeter

generator, signal trace; and a standard set too

. -Define wave ropagation and basic types of antennas.

2. Identify and differentiate between tuned circuits.

3. Draw a block iagram of any superheterodyne receiver.

)/ f.,. Record toltag s and resistances for all sections using any super-7

hfterodyne receiver, ,

.
-

, 9,
5. yerify,aligrmLt of receiver, -

r,..

',. G. gake.a chart for tube-type 'receivers,,showing tpbetype, function,

defects and quality ,

7. Localize defect to single' section when given'a

receiver with a "Ifunction.

8. Replace defective components
tion of instructor. - .*

r

superheterodyne

So daft receiver, performs to satisfaC-
-

1\ .., .

CriterionlReferencedMeaufe: Ttle learner is tq complete tfinitiont, 1,denti-
,

.

ficatioesdand block diagrams within two hoyrs to 80 percen accuracy. He will

be
.

-ft

be allowed to repeat until he achieves personal goal beyond instructor's goal.'

Y.

Task 42: 'Business Procedures%

4 A.

Performance Objectives:

4-

Given a service shop yonment, a.customer, a defectivOlode'entertain- -

henc unit, methods of finanting,'d-isplay area, service orders and in*

--tht-learnef is- to:.
t

1. Greet the customer, adviseand converse.in a friendly courteous minur.

2. Provide an estimate of:reiairs using shop format.

/5
.

Complete the following `to the satisfaction of the instructor:

order, get identification, invoicing and billing,

4. Listthe methods of ftnancing,available to-the custdMer

differences between,thei.

5. Set up. a display of hometentertainment products.

6. List the.10vantages and disadvantages ofthe methods of

... at thq disposal of the,s9rvice shop.:

anc the

Criterion-Referenced Measure: The learner iszto

obe.hour. Remaining objectives must met s

4
*%Wehusp be corrected for learner to receiv

4

4
;W

jI
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43: Test Instruments

Perfo ce Ob ectives:

, \

_-__*. V_ ,

Ns -Give safety rules, basic test instruments, signal tracer, frequency

x
counter, post-marker and sweep generator, vectorscope stereo generator,
harpcmic and distortion analyzer, B E. X analyzenscscilloscopd, signal

generator and learner perception, the learner is to:
,

1. Write in outline form the operating instructions for equipment'
issued and safety precautions and hazards associated with each piece

of equipment. .

2. List the malfunctions which can be determined with the senses of
-touch, smell, sight, hearing,and taste.

V.

.

Criterion-Referenced Measure:. The learner is to complete outline and bating

to satisfaction of instructor. The learner is to operat4 each piece of

equipment in safe and accurate mannet to the satisfaction of the instructor.

Deficiencies bustbe corrected to receive credit.

Task 44: Amplifiers

.
Performance Objectives;

Given safety prOcedures, test instruments, any he entertainment
system (stereo amp, -tape player, etc.) and a standard tool kit, the

is to:

udio

lt Outline in Friti* the safety procedurdSrequired to use instruments
on-system to..be repaired. -. . .

.

2. Draw or complete programmed block diagram of 'system under analysis

. , / 3.Identify types of transducers psed. . s ,

. -A. Label an explain function of each clagfirpl

.5. Discriminate between preamplifiers,,,voItage smplifiers, current

'. aMpULiers and power amplifiers. .
,.

6. Write outline of troubleshooting procedure prior to actual trouble'

shooting.. %
. -..

1
7. Identify any obvios defect or indication of defect (use senses).

8. Isolate. defect to particular section taillblock diagram.

'9. Replace defective components in section.

10. Se thorough so that unit under analysis will function to theesatid-

faction of instructor.
. ,.

:

.

, .....

Cterion-Referenced"Measure: The- learner muft complete outline,,drawing,

.,

ide tificag ons to satisfadtion of instructor. Operation of
,
equipment and *

tro leshooting of systeM under analysis must be to satisfaction of instructor.
. ..

Def iencies 'must be corrected to receive' credit.
.,,

.42
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Task 45: TRY Receiver Circuits

'Performance Objective:

With the material provided, the student will demonstrate TRY receivers
and their circuits.

Criterion-Referenced Measure: The student will be tested o measure hii
'application of UP receiver theory to at least 80 percent accuracy. He is
allowed to repeat until he achieves personal goal beyond initructpr's goal.
He will also take a Terfcirmance test to map certain thit\he can find the'
trouble on a TRF receiver, avid that he'can use all the testequipment in the
troubleshooting procedures.

Performance Guide:

1, Block diagram of the TEF
2. Ganged tuning -

3. Alignment
4. Trimmers
5. Hetrodyne action

6. ,Heterodyne detection
7. 'Beat frequency oscillator
8. Fruency measurement
9. Audio frequency detection

10. Electron tube detection
A. Diode detection
'B.- Grid leak detection
C. Plate detector

11. Controls
12. Troubleshooting the TRFrectiver

Task 46: Superheterodyne Receiveri

...Performance Objective:

: ..

- Given safety procedures, . 'test 4.nstrumenta..LteAMIFfi,_AM or FM-super-
heterodyne receiver and astandard tool kit, the lehfner must:

IP .

'1. Identify eailitile
.

technical-data, draw a block diagram. of the
receiver indidentify,all controls and their - function., ,

2. Vmplain how each section,of the receiver works..
.

3. Write an'Sitalysis,in outline form'indidatih. troubleshooting
'',

protedure. , 4. % .

4..
-_

4. Identify sny-obviaus d ec Of Jodi tiompf defeat {use senses).
.

1' ef 't ell

5.- Isolate defedt to single'kection of block amdiagr- -.
.. .....6. leplace d ecteve tpmponent(s). ; .

v.

.

74
7. Be thorOu so that unit %/Oder analysis. lall function to the sat-.

. isfactibn WinptruCior. 4, :
.._

,,
.'' 3%- 4

..,
_

.

4

.
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Criterion - Referenced Measure: The learnei must complete.zutline, drawings,
identifications to satisfaction of instructor. _OperationTif equipment and
troubleshooting of unit under analysis must be to satisfaction ofinstrtiCtor.-
.Deficiencies must be corrected to.receive credit.

0

4 1

OPPORTUNITIES AFTER COMPLETION OF PHASE TWO BASIC ELECTRONICS
FOR HIGH SCHOOL STUDENTS

RADIG REPAIR*

Job Description:

Troubleshooter, radio repairs, radio receivers, phonographs, recorders and
-other electronic audio equipment. Uses dealt diagrams, teat wiring;
tubes, resistors and othei parts, electronic test equipment, such as volt-
meters and oscilloscopes to locate defects and-replace defective parts.
Using bandtools; solders loose connections with soldering iron. Computes
Charges for labor and materials. 'Hay be designated according to type of .

radio repaired as automobile radioman, radio.repairman, domestic.
.

,

t .;

1'

'"

'N
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.

35

.

' -

'O.

.



N

Teak 47: Honochroie TV Receivers

rhanoe'Objectives:

---Gil.m.nsafety procedures, test instruments, monochrOme TV receivers, and _

atandard tool kit, the'learner must: -. -- ..

% .

iv 'Identify available technical data, draw a block diagram, or use.
.

\' block...diagram format, identify tube used' in each section and

\ identify all controls and their function*.
2. tExPikin how dach.Aeotion.of the receiver works. -

.
3._kgr/tepaoutline term an analysis indicating troubleshooting procedure
:. prior to,actilal iepatr.

; .,. 4. Identify any obvious-deEeci orandiatton of defect (usesense's).
5: Itolatt defect tqsinglg.section of` block diagram,

....,..

6. Replace degectiveicorlponeni(s). .-..
,

4-

1.- Be thorCiugh so-fhat Unit under'anaiiiis must function to satisfaction
, .

of instruCtor."-- . .-
,

- ..'

- :-
... . :.

diterion-Refarenced Measure/ The learner must complete outline, drawings,

an4 identifications to satisfaction of instructor. Operation of equipment 2 ,,

and troubleshooting of unit under analysis must be to sat sfaction of instrulcl'

tor. Deficieiciessmust be corrected to'receive credit. .

_.--
- / ..

..; -..
. .

'. ,. e

Task 48: The Television System . .

t 1

'` , o:
Performance Objective:

. .

With.the material provided, the student must demonstraWthe,television, .'4.
, .

system.
- .. ....

S.

Criterion-,Referenced Measure: The student w4.11 be' testedtested to make sure rhai hh'

can outline; to at least 85 percent accuracys the basic TV system-. Re is

allowed to repeat until,he:achievet personal goal heyondinstrtictoes:goai4
.

. .

Performance Guide: \ . .
. ...

...

.. ., ::
.

1... Picture elements . .
-

- .

_ e. Transmitting and receiving picture infdrmatiOn. v,,

,

,

. 11,. StTrifling tt,
- .

, J. : e.

4.' Motion pictutes
v

.

'-'5. :Frame and field, frequencies . "`

-,',6-., . Vertical and horizOnt- ai. frequencies' .

: 7 ;' Synchronization
.Picture qualities7

9,..Television,channelp t

10. The associated FM sound signal.
. 11. Color televibion

Sianchirds -Of transmission
- 4 5.

. .36 .
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Task 49: TV Receivers

hWithW provided,it the material ove, te student must:
.

.
.

Demonstrate basic block- diagrams of TV receivers.

2. Illustrate htrw 6 isolate.trhubie in a TV receiver

block in the receiver..

Criterion7RefereAced Measure: Tfie etudent will be req uired to localize a

trouble, on a'black ana.:White TV. Be must Obtain 100percent accuracy -if he
-

is b4r..go any further int.4is phase of his training.' . ,

, I

to a-sppcific.

Performance uide:

1. Re vQ ock diagrads.

2. clibuits. - .. .

3.: Sound 'take -off -. ' -'.
...-

4. Fpnctions'of'the reC.eiyer'circuits '

5. Receiver-operiting'controls '

6. 1,Ocalizingtroubles tdarrectiver section
,...

,

.

7,- Multiple troubles . ,

g. Monitor rectivers
.

Task 50, TV Power Supgy
'

-

Performance Objective:.

With 'the material provide

and how torepair them.

Criterion- Referenced Measure:

nalysis 0 the.T'power supp
at 14P-t1,A5 ercent accuracy.

personalgoal yond instruct

;

-Performance Guide:

wave rectifi.e

2. Db voltage pole it,es

3. Heat circuits

' ..44:c".VOltage biers 1*-

.3..:Trassforme lowlioltage power supply

6.. Steeled low Voltage` circuits
7. Hight:431tdge supplies

=fr A..- Higvaltage safety precautions

e

I

. .

. .

# "

! '

....

,'the student will demonstrapt-Vpowpr supplies
_. ,\- 4. .

1.0.

JP

.

'

e

, %
. '4

_.

The student Will be teata0'tcimelsure his
and,ho to trOubleshoilt them. Re must obtain

He is allowed. to repeat until Stec echAves *

rs

:

t

ti
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r

4

9. High voltage troubles

10. Trouble in the low voltage supply-

11. Hum in the low voltage supply

12. Troubleshooting

.

r

.
. ..

Task 51: 'Composite VideoSiptal

Performance Objective:

Ph

With the material.provided, the student will illustrate what the composite

videosignal contains and how it is.used in the TV system.

Criterionraefereaced Measure: The student :i11 be tested (written, practical)

to measure his progr ss to at least 85 percent on the material covered fa the

. composite video s . He is allowed to repeat until he achieves persOnS1

goal beyond instructoes,goal.

, Performance Guide

,
With the material provided, the student win illustrate the different

types of picture tubes used in the modern black and white TV receivers

in use today. ,t

1. _Construction of the composite-video signal:
.2. Picture information aad'the video signal

3. Video frequency and picture information

. 4: Maximum number of pictUre elements

5. ,Tst patterns
6. DC components of the video signal

GAMA .
-

. -

1,...,'

.

Task.52: Picture Tubes (cathode ray tubes) . . ,.

. .

..._ , 4 , -
Performance Objective:

y
.- i

.

-

. /
CriteSion-Referenced Measure: The student will be tested to measure his

applicatiob of the theory Of picture tubei, their operation and safety
precautions. 'He must achieve at least 85'Oercent:accUracy. Be is allowed

to repeat until he achieves personal goal beyond instructor's goal.
. .

-r Performance Guide:
,

`1.- Deflection,sfocusing, And centering
2. The.1uminescent screen.

3. 'Types of tubes

.
4.t The electron beam.

.` 4

'.T
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5. Focusing the electron beam
A. Electrostatic
B. Magnetic,

6._ Picture tube precautions
7. Picture tube troubles.

,.0,-,-, f
i

..

i
I

Task 53: The'RF Tuner 4

.

-+Ift
With tlie material provided, the student will, illustrate how the REttunOt
functions and its place in the TV system.

Performance Objective:

4,

Criterion -Referenced'Measure: The
application to at least 85 percent
RF tuner. He is allowett to repeitt

** instructor's coal.
4

Performance*Guide:

4
student wilrbe tested to measure his:*
accuracy on the Operation and use of.tja., -

until he echievan_perapnal gOal beyond .

1. Operation of the RF tuner
2.. The RF amplifier stage
3. RF amplifier circuits
4. The iixer stage'

5. The local'escillator
6.. RF alignment.'
7. Conversion methods for UHF channels
8. Types of RF tuner circuits
9. UHF tuner circuits

10. Wireless remote control
11.". Receiver nOise'

12. 'Troubles in BY-tuners-(nBT and Day).

Task 54: Pict IF Amplifier

Perfoi:6-nce Ob ective:

I

With them terial provide the student will demonstrate the
-.and its circuits- and plaqe!in the TV system.' -

.

picture IF
I .

'.4.%

. 4.

Criterion-Referenced Measure: The student will be tested to neasure his
.4 analysis of IF amplifiers operation, how to troubleshoot they and their

roll in the TV system. The student must achieve 85 percent accuracy.
He is allowed to repeat until he achieves personal goal beyond instructor s,
,goal.

48
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Performanco Guide:

1. PicturelF response
,

The -intermediate frequency
1: IF amplification
14. -Double-ituned IF amplifiers

. 5. Single -tuned IF amplifiers
, -6. Htagget-tuned IF amplifiers

7. Wave traps
8. Picture Whmplgiew
9. Solid,stah'IF amplifiers

10. Trouhlesin the. IF stages

Task 55: 'Video Detector'.

. ..
.. .

.

Performance Objective:

With the material provided; the student will illustrate the video detector,
its operation, how to repair video detector troubles), and how it will,be
used in the TV-system.

-A

. Criterion - Referenced Heasvel The student will be tested to measure his
ability to repair detector 'circuits and his analysis "of the theqry'of detector
circuits. He must achieve 85.percent accuracy. He is allowed to repeat until
he achieves personal goal beyond instructor's goal.

Performance Guide:

1. Detettiqn
2. Detector polarity
3.-"Videodettctor and loadPradiatanci-

r .
,7;

c

. r

'4.

5.

6.

7.

9.

Video,detector filter
Detector diodes
Video detector circuits ,

Functiqns of the composite. video

Detecting the 4.5 MC intercdrrier Oval
Troubles id the ,detector

Task 56: Video Amplification

:11

Performance Objective:
s x

,

' -With the material pfoVid4d7 the student will demonstrate 41deoamplifica-,
tion, rApairs, operationAand, how they are used in,the TV system.

49
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Criterion -Referenced Measure: The student will be tested tomea ure his ability
to.repair troublv'in'the video amplifier circuits, and his analysis of the
operation of,video amplifierv.

a.*

Performance guide:

1. The video signal and piqUre information
Z. Polarity of:,the video signal

3. Amplificatiw of the video signil
4. Manual cOntradt control
5. Video frequencies
6. Fequdncy distortion'
7. Phase distor.tion
8.' Frequenty.responseof the video amplifief
9. 'Video amplifier circuits -

).O. Solid state video amplifier circuits
11. Troubles in .the video implifier-

Task 57: Automaxic Gain Control

P forma ce Ob ective: ' e ' ..
. % ...

1
.

With Oh material provided; the student will illustrate, automatic
.

fain con rol circuit operation, and how to repair defective circuits.
, .

. ..
' .

-or
V

. .

r,r.

Criterion-Referenced Measure: The student will be tested to measure his ability

to repair AGC circuits, their operation, and how they are used in the TV system.

die

.

e must achieve at.least 85 percent accuracy. Be is allowed to repeat until

he achieves personal goal beyond instructor/s goal.

Performance Guide:'.

1. How the AGC bias control:gala-
2. AdVantages of AGC for picture signal

3. AGC circuits for picture signal_

4. keyed AGC circuit
'5.' AGC level adjustment
6. AGC troubles

Task 58: Sync/Separation
. .

Performance Objective:

a

With the material provided, the student will illustrate sync separation
circuits, and how to repair defective circuits.

Al
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,
Criterion-Referenced Measure: The student will be tested to measure his ability

to repair sync troubles, and his, analysis of sync circuits, to at least 85 per-

cent accuracy. He.is'allowed to repeat until he achiesosiersonal goal beyond

lmstructoessoal.

Performance Guide:
.

,A 1. Vertical synchroniza46 o the picture.

2. Horizontal synchronization of the picture

3. Separation of the 'Synofrom,the ;Tiles, signal

4. Integration of th -vertical sync>

5. Noisei he sync

6. Sync circu s

7: Sync and blan g b.rs on the screen

8. Troubles in .the

Task. 59:. Vertical Deflection C cuits
t,

- Performance Objectives:
ti

With thematerial provided, th'

tion circuits, and how to iepai

-

student will. illustrate vertical deflec-.,

defective circuits.

Criterion-Referenced Measure: The stude

to repair defective vertical deflection

theory to at least 85 percent accuracy.
achieves personal goal beyond instructor

Performance Guid6:

1. Triode:vertical output stage

_J 2. Vertical outpilt transformers

3. Vertical linearity

111 4. Internal vertical blanking.
5. ertical deflection circuit with blocking oscillator

6. Combined vertical osc and output, circuit

7. Solid state vertical deflection circuits

8. Vertical deflection troubles

t will'he,tested to measure his ability

rcuits, and his-analysis of the

e is allowed to repeat until he,

, -

.
Task 60: Horizontal Deflecti9n Circuits

e'

Performance Objective:

With the material provided,.thegtudent will illustrate hqw to repair'

horiiontal deflection 'of circuits, and how they are used in the TV

system.
.

42
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Criterion-Referenced Measure: 'The student wi.1 be tested to

to repair defective horizontal circuits, and,Iiis analysis of

least 85 percent. He is allowed to repeat until he achieves_

instructor's goal.

Performance Guide:

1. Furictions of the horizontal outpdt stage
2. Horizontal amplifier stage

3. .Damping its. the horizontal output circuit

4. Horizontal scanning anddamping
5. Boosted B voltage
6. Flyback high voltage

7. Hori;ontal deflection circuits

8. Deflection yokek
` 9. Solid state horizontal deflection circuits

10. Troubles in the horizontal deflection circuits

Task 61: HorizontalAFC Circuits

'measure his ability

the circuits to at
personal 'goal beyond

Performance Objective:

With the material provided, the student 14111 illustrate how to repair,'

and how the horizontal AFC is used in the TV system.

\
,Criterion-Referenced-Measure: student will be tested to Measure his ability

to/repair AFC circuits, -and analye the operation of the circuits. He must

achieve at least 85 percent-accurity. He is allowed to repeat until A7achieves

personal goal beyon'&4isiector's goal.

1 . '
Performance Guide:

1. AFC requirements .

2. Push-pull discriminator
3. Circuit of multivibrator controlled by sync discriminator

4. Single ended Sync discriminator

5. DO control tube
6. Sine wave,.oscillator with reactance tube

7. Ho/d-in range and pull-in range
Filtering the DC control voltage

9. Phasing between horizontal blanking and flyback

10. Troubles it, the AFC
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Task 62: The FM Sound System.

(

Verformance Objective

ti /

With the material provided, the student will:

1. Illustrate the FM sound system eMilloyed izi the TV system.

2. Analyze the theory and how"to repair defective sound circuits.

'

Criterion-Referenced MeasuFe: The student will be tested to measure his

analysis of and ability t6 repair:defective sound circuits. He must achieve

85 percent adVracy. He is aIlbwed to repeat until.he achieves personal goal

beyond instruclnr's goal.. (

Performance Guide: \-,.

.
1

tDefinition of FM terms
Reactance tube modulator

3. -Advantages of FM

4. Prelemphasis and de-emphasis

N\,5,. Receiver requirements for and FM signal

ff. Complete sound IF citcui ...____,

7. Detection of the FM.higna

8. The limiter ..

P.
Complete.sound circuit ,.,

10. Trauhles-in the sodnet rcuit

Teak' 63; Receiver 'Sericing

Performance Objective:

1' '

with the material provided-, the student will demonstrate how to service

the complete black and white TV receivers

Criterion-Referenced Measure:
The'student will be tested to measure his

ability to repair def c ive TV receivers. .He must achieve 100percent accuracy.

This will be determined .y the instructor.

Performance Guide: -7-.

1. Receiver..adjustments

2. Types of ghost

3. External irtterference in t e'picture

4. Sound in. the picture

5. Localizing hum troubles

6. Signal .injection

7. Use bf the TV analysis

8. Localizing receiver troubles

44..
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-9. Oscilloscope meitsurements_____

10. Alignment precautio0---;--
11. Typical receiver circuit

6

Tac1-64* Introductio to Color Television Receitrs
'

Perfo e Objectives:

.
_

Given safety procedures, test instruments, color TV receiver and a sta
tool kit, the learner must:

.-3.-.''1slentif --,y__.a,.a)._,Lle technicakda raw or use block diagram forMit.k;

identify tube used ti -on and'identify all controls and the#
function. , _ -----,,_

N. 2. Outline differences etweenmonochrome and color TV receivers.
3. Write in outline form an analysis indicating troubleshooting procedure'

/

prior to actual repair.
4. Identify any obvious defect or indication of defect (use senses).
5. Idolate defect to single section of block diagram. ,

6. e lace defective componeqt(s). -----*

7.' on erge color -receiver. kr'.

8. 8e thorough io that unit under analysis Will function tethe satis -
lactibn of the instructor.

Criterion-Referenced Measure: The learnermust complete outline, draWings,
identifications to satisfactioti of InstrUcton, Operation of equipment and
troubleshooting-of unit under analysis must be to satisfaction of instructor.
DefiCiencies must be corrected to rece0e credity

Task 65: The Color TV Syseem

Performance Objective:
- _

AL
tith the material piovidedent will illustrate the theory of
color TV.

4

-
. . ,

-Criterion-Referenced Measure: The stud- will be tested on the theory of

color TV. He must achieve at least percent accuracy. He is allowed to

repeat-until he achieves,, goalxbeyond instructor's "goal.

.

,
.

.
. -

.>,...-
.../... Performance Guide:

_ .

1..

2.

3.

4.

5.

6.

7.

Color signals
Color additiofi

Definition of color terms %..,

Color television broadcisti4
Y signal .

,

i

Types of color vided signals
,Q signal

,...

, /

. ,

.--

- c

.
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A

\ 8. I signal

9. R-Y signal
0. B-Y signal

l\1. G-Y signer
12. ,Desaprated chrominance signal

Mqtrii circuits .

14;. Color s carrierfrequency
.

Color s gronization
Colbrpl d composite video signal waveforms

)J, Vector addition of color signals

z

ierask 66: Color Television Receivers

Performance Objective:

Withthe terial provided, the student will demonstrate how to repair

- defectiv olor TV receivers.
11

4 i;

CriteriOlitReferenced Measure: The student will be tested to measure his ability

to,repair defective: colo;i0vreceivers., and how the color circuits work. (

must achieie percent curacy. Re is allowed to repeat until he achieves

persongl gOaPbeyond instructor's goal.

"4 ' .. .

Performance.Guide:.
,

. .
. /

1. Cilrominance section %

''.2. .Chrominance amplifier circuits

-,,3. Burst:amplif;er
.,

.

4. Color AFq circuits
5. Automatic control (ACC) bias

'i-'1
's

.

6. Color killer circuit . %
1

!'. _7 Color demodulator circuit
...

. .

8. Color'CRT'S 1
.

__

9. §et uradjustment ..!, 0
Converwce procedure-

A

. . .
'', * 11. StatemOtiZsof color section oE receiver

. Z.
/12:.' Color. oubles c4

.
e.s

.
. .

.0.

Task V: Antennas and Tranimission Lines
9

,

/ 44
4

4

Performance:Oijective:
.

e

, d .
. .

"With the material.proVided, the student will demonstrate the th ry of

.

TV antennas; and how'to insfall_ihei in tbecotrect manner.-
\

-
. .

6

.,. . -.1

. . -.. .-,
c. .

1 . YIP II /..
:S ps7 )

SO

4

a

. .
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. Criterion-Referenced Measure: The student will be tested to measure his

ability to install and repair. antenna systems. He must achieve 95 percent

accuracy. He is allowed to repeat until he achieves personal goal beyond

instructor's- goal.

I

ti

Performance Guide:

1. Resonant lines of an antenna

2. Definition of antenna. terms

3. Ghost'
4. Straight dipole

,

5.

6.

Folded dipole
Broadband dipoles

. .

7. tong wire an
8 Parasitic Arr

1`

9. Rultiband antennas

10. Stacked arrays

11. Transmission lines

12. Impedance matching

13. Antenna
14.- Troubles in the antenna system

TELEVISION SERVICE AND REPAIRMAN

Television an d radio repairman; television repairman. Repairs and adjusts

radios and television, receivers; tunes receiverson, .41 channels and Observes

audio and video characteristics to locate source of trouble. Adjusts con-.

trols.to obtain desired density, linearity`,, focus, and size of picture.

Examines chassis for defects. Test voltages and resistance of circuits to

isolate defect following schematic diagram and using voltmeter, oscilloscope,

Signal generator, and other electronic testing instruments. 'Test and changes

tubes, -and solid state_devices. Solders loose connections and repaira.oi

replaces defective parts using hand tools and soldering iron. 3104iraradios

and other audio equipment. May install televisionriets, ;End antenna systems.

.

56

47.
4



. l e
... :,..

, t . 4",

li.
O.. ...7.,...

...
,

. .
. .

..

0 .i I 1. .,
_ ;`,..

4 .1 . ..

. '. ''' l
'..

. k ..

....to ... . .4,... .
. .

/

r

. .

.

.. /
. -

a

..

4

,
.

.

ELECTRONIC TECEMOLOCY -

POSTSECONDARY CURRICULUM
. -

4

..

.:

- -

4,

r

1 '
.

"I

;

57
48

.

.7s

a4



ELECTRONIC TECHNOLOGY

-A Twogear Post High Scho.ol.Curxiculum

Introduction:

PHENOMENAL technological advances'have been accomplished by scientists,

engineers,isathematicians, and techniciani wo rking together as a team in

developing new applications for scientific dews.. Ever- increasing need for

the combined talents ofsuch teams have resulted in an unprecedented demand,

not only for the,creative scientists and engineersbut also foi the techni-

. cally competent supporting persondel andskilled craftsmen with a thoroilgh

ufbrIcing knowledge Of the.basic.principles of mathematics and sCience. This .

. ..

group of supporting technicians aid skilled craftsmen is making an increasingly

greater contribution to the technical team, and is in critical demand wherever
. t

_

there 36 work in product development of a scientific*technical nature.
,

. .
,. .

The posh- secondary phase of the performance-based curriculum in Electronics

Vas developed by an instructor a Sowela Technical Institute. It has been

written tagiv& interested people information concerning a type o 1-time

rwo-yeafpiOgram which can provide certain tecITicel education for gntry into

,jobs in the field of electronicap support of engineers and scienj,tfic

personnel.

This course offers such subjects as Mathematics, English; Physics,

. -

.Technical Writing, Speech and Developmental Reading. The technical, courses

begin in the fiAt quarter, but they are acceleratSkin the third through

eighth-quarter to include Communications, Instrumentation, and Computers.

. The Electronics Technology Curriculum'and the course outline should be
,

'
. -. ,

of assistance to h

..

high school counselors in'providing information.in this
: . .

particular field-to interested students.

\
c-
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I.

.

The courses outrined in this curricaum have tteen arren,ged-to provide
\

specialized instruction in a two -year post.high school_ electronics program. s

The curriculum is organized to provide basid and technical preparation for

jobs in a variety of occtpationa in the field of electronicg. The Courses fo

are arranged in workable sequence suitable to the instructionallneeds:Of
' .

students with an appropriate balance between atedniCal-couise, general

/-
education courses, and laboratory applications. This, is not a pre - engineering

curriculum.
.

A graduate of this program will have a good foundatidn'in the field of

electronics and considerable experience,wIth the "hardware" encountered in

.the electronics industry.

To be successful in this program, a person must be a high school graduate

with a good background in mathematics or be capable of learning mathematics if

job pre -training.in this fieldkis limited.

Graduates fromthis two-year curriculum will be capable of performing

technical assignments on jobs in the field of electronics. Most industries

expect these graduates to continue training in industry as they gain experience

on the job. Such special training programs are.common.throughout 'the electronics.
.

industry and usually provide, excellent' opportunities for advancement.

'Employment prospects are very promising. Electronic te chnicians are in

great demand and short' supply. These are the reasons:

1. Electronic technicians take over many tasks engineers have been.
doing, releasing engineers for more scientific levels of work.

2. Advances in scientifid knowledge have created a need for more people '.
educated in all areas of science; and technology.ence; eng.

ti

3. Increased research and development require that each engineer or

.scientist be assisted by at least one, and Often-several,

electrohic technicians.

50
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4., Development and,industrial use, of nuclear has opened a pew

area ofemploymeni. .. ,

.

.

5. Automation.requirgs more and better educe ed people tl design,-
..

manufacture, instill, and maintain compl equipment..

These factors point to a'bright future

business and industry and government s

atvely favorable--beginning Engineers; i.e.

for electronic technicians in

Starting salaries are cooper-
.

1970-15, $60-$750 a:Mogh.

Careful coordination of lahoratory'andqecturt is accomplished in order

thatthV instructional objectives may be realized. Much, of the theory is

reemphasized in. the laboratory in bider to accomplish this end.

.

1.
- , About- Curriculum- .

,...

$ ..,,. %.' I
EXTENSIVE planning is given to the ar;lh&ement and emphasis on subject-

.

I

natter included in this curriculum. As each new concept or.area of knowledge

) ? ,

,

is foimaily preseated,'it ia.given Practical applibation of,iinc ng depth

. _ . \ 3 44'iv .

as the concept is built upon by each succeeding techUcal course4
1

the cur-
!

riculum. Once introduced a concept is never dropped, but rather it is extended

and applied in correlation with each new boncept intrOduded in spbsequent

. k -..

f

,

courses;
% .--

aiii, By devoting a major part, of the laboratory tine in the circuit courses
i 1

to.mathematibal analyis, a highly effective integration is achieved. With the

additional outside study requirement, the nathemati.c needs of the student as

related to Electronics are provided.

The first two quarters of the curriculum outlined here will provide a

solid base of knowledge, on which to build ihe advanced course instruction.
.

The subsequent study is circuit-based rather than equipment-based, requiring

.
. .

a continuation and extensionof mathematical.analySis, including a signifi-

cant amount of "handbook" design. When complex electrical and electronici ' .
.
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equipment is utilized for instruction, those special circuit apOlr'itons,

#

that unique are studied separately. This_theab es

the heart of the -q.!111y program- -broad applications Of bpsic principles well

learned through practical analysis and reinforced through application to

specific equipment,

the curriculum can only suggest those areas of information which should

be covered to give students scientific knowledge ihich will enable them to

perform at a level of competency in positions, in industry.

Although "safety" is not designated as a special subject matter area

L

in the outline of courses, it is an indispensable part of each learning exper-

ience. Laboratory krrcises.stre'gs the accident potential -of Pach_learning___
. . ., 1---.--

experience and the preventative measures to be taken to protect against

possible injury. Safety is directly related to 'the manner in which a person

performs, functions, or-exposes himself to possible Anjuxy and the attitude .
7

t

he has toward the objects or materials with which he workg. It is almbst-

)4, .

impossible to "teach' good safety. 'Safety:is a part of a way of life. Proper

safety practices will grow out of desirable personal values, attitudes, and

4 #.7

procedures in_the use of materials or objects.. A. student is taught to perform__

each function of his job safely.

Too muoh emphasis Cannot be placed,upon the need for technically trained

people to be-able to communicate data'and ideas clearly and effectively.

Basic courses in ctihmunication are taught in-the curriculum to, give students

refresher work as Vail as exercises in functional-English. As with_mathe-
4. . 1

.

matics and scienceconceptS, tWere is practical applicatipn of .proper usage
*.

of English In all-courses: All laboratory xePortaand written assi:guments are

corrected for grammar and for proper writing and reporting procedures.

52
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COURSE TITLE-

First Qdarter

ELECTRONIC TECHNOLOGY PROGRAM SCHEDULE'

FIRST YEAR

Basic Electricity
Math (Algebra-E. Slide Rule)

. ,

Second Quarter

SUGGESTED'HOURS

. ,

4
.1-

Basic Electronics
. 240

. .

Math (Trigonometry) 60
English (G'iammar)

.
-,...-.... 60

.. - \' s

300.
60

,Tbird Quarter
.

..-,
. . .

,.-Fhysics ---, --,, " 120
Transistors I . ',120

,f Closed Cirtuit T.V.
.

120

_Fodrth Quarter

English (Reports & Speech)
Transistors. II

Test Equipment

- ,L'ab Projects A.-

Fifth:QUarter-

Iddustrial Electronics I
Instrumentation I
-Circuit Analysis

Sixth Quarter

Industrial Electronics II
In4rumentation II
Programming (Fortran IV)

Seventh Quarter_

J Switching Circuits
Communications I
Microwave a vipto

Eighth Quarter

,

Digital Machine Design
Communicitions II

y.

-

:60
120

60
120

120
120

120

.

120
120

120

120
120

120

120

120.

.

.

,

-
-7.--_ ,

,

.

-

'SECOND YEAR

.

-t,---
_

..
0

..

Term Project' ---,-- 120

EVI
*

V

44 1
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OVERALL COURSE OBJECTIyE FOR ELECTRONIC TECHNOLOGY
.

Performance Objective: ,

. -

Obtain all the basic skills and information required by industry in'

r computers, communications and instrumentation to obtain an entry level job.

t

Criterion- Referenced

Performance to
courses as specified

Mu:tit:re:

75 percent accuracy or better for eachof the required'.
in the electronics technology curricuIdm.

. 'CO1IRSE OUTLINE

FIRST'YEAR - FIRST QUARTER,

.

Task 1: Basic Electricity S5

..3

-Performance Objective:
.,- . - ,-

/

Introdlictory material in basic direct and.alternating current circuits

will be used to supply solutions to basic problems. Difficulty level will' .

start with a nonelectronic based knowledge'and go up to but will not include

the more advanced network.theoremuch as Norton, Thevenin, Loop/Nodal, etc.
.,,

.
,

' . ,,

CriteriOn -Referenced Measure,47-/ - -.---

( .

Performance as measured'y testingoahoth unit emZfinal written test ;-^ ---,,\

to a 75 percent level or higher, and instructor eValu'ations of formal written F-

lab reports which show a thorough understanding of,dlaas related reinforcing 's- .,;

experiments,
, ...../

)
.e C..,,(--

Description: .<...,/

This-rourse is designed to introduce the beginning student'to the funda-

mental co6Cepts of electricity and electronics. The approach used to teach the

theorettlfideas of the course is one of programmed instruction where the

student S allowed sufficient freedom in his/her advancement through tbe-sub-

ject,matter. Supplemental tests, as well as'a readily Available instructor,

are used as needed. As a complement to the theoretical, knowledge, laboratory

mnrk is an integral poiiion of the course. Experiments are designed so that _ -

they relate directly tn.-the material being studieVirt the text. The student

is tested frequently to ascertain what progress has been made, as will-as to

identify any areas id which he/sbeiMay be having difficulty.

The course is designed to take the average student approximately-two

quarters.to tplete the required work.
t
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4. THEORY

Direct Current Fundamentals "Hrs. -

. .
.

,

I. Atomic Structuie and Sta ic Electricity 6'
II. Characteristics o Voltage, and Reafatance 6
III. Relationships of Current, Voltage, and Reastatice 6
IV. The Series Circuit 6c.,

V. The Parallel Circuit ,
§

VI. The Series - Parallel Circuit,
, 6

VII. The Voltage Divider 6
VIII, Magnetism _.

' 6
IX. .Electromagnetic Inductibn 6
X. Basic Meter'Hbvements 6

Alternating Current Iyndamentals

I. Introduction to AC i 6
II. Introduction to Inductance

: 6

III..' Introduction to Capacitance '" 617

IV. Transformer Action 6
V. AC Rower - -6

VI. AC Resistive Circuits 6
VII. RL-Reactive Circuits 0" =

VIII. RC Reactive Circuits 0
IX. Ri;C Reactive Circuits ,

,
, 6'

X. Tuned Circuits'
. a 6.

TOTAL .120 \ .
.

40 -
LABORATORY'.

1. EleCtrptic'Co4onents'and Symbols
2, .Reading,Schematicliasrams
3. .IntrOduction to the VTVM

letistorolertbZet' 1.

5.* DC Voltage Measurements
6. DC Current
7. OBNIs Law
8. Tberies Circuit '

9. The Parallel Circuit
10. The Series-Parallel CirCuit
11. CbgracteriStica of Meter Movements
12. .Multipliers`fOr Voltmeters
13. Use of thq Oscilloscope
14. Characteristics of Inductors
15- Characteristics of Capacitors
16. The Power Transformer
.7. Series !IL Impedance
18. RC TimeConstants
19. Series Resonance
20. Parallel Resonance

C -

\r

TOTAT

TOTAL THEORY' AND LABORATORY_ 300:
t

55
*

64

5

.(9

9

1

9
9

"9

9

9

-9
9

.9
"9

9

180
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Task 2: Algebra and Slide Rule

Performance Objective:

General Algebra theory will be used to-obtain solutions to rebated

electronio probleMs. Solution techniques will include factoring, fractions;
exponents, linear and quadratic equations, equation systems and the use of

determinants in their solution. A slide"rule will be used to obtain all

required table constants..ea well as a simplification Stool to reduce itera-

.tion work load.

Criterion-Referenced Measure:

A.sample of electronic-related problems that will cover each of the math

study areas will be used to test for performance level. A grade of 75 percent

or higher will be required for successful completion. All table information
will be obtained from a slide rule and the test length will be sufficiently
long to require.a slide rule for completion within the allotted time;

eTaription:

A, ggneral algebra course including a review of the development of the real

number system, and the fundamental operations. Areas of study include:

factOring, fractions, expohents,,linear equatiOns, quadratic equations, systems

of equations, and dse of determinants and logarithms.

Instruction,is also given in how to use a Slide Rule.

r-

jPerformane `--TAEORY

I. The Number System

II. Scientific Notation
A. Significant Figures

B. Addition and Subtraction

C. Multiplication and Division

D. Estimation of Results .

III. Fractions
. A. Definitions andFundamental Principles
B. Addition of Fractions -'

C. Multiplication of Fractions

D. Division of Fractions

IV. . Special Products and Factoring,.

A. Product of Binomials
B.Product of Polynomials
C. Factoring Trifiomials

D. Fictoring'.Bin6ials

E. Factoring by Grouping
Exponents and Radicals.

A. Positive and Negative Exponents

B. Roots of Numbers

C. Product and Quotient of Radicals

56

65

Suggested'-'
Hours

5

4

4

4



'

k

VI. Linear and Fractional Equations
A. Definitions.

B. Linear Equations in one unknown

C. Solving Stated Problems
VII. Quadratic Equations

A. Definitions
B. Solution by Factoring
C. Solution by Completing the Squar#
D. The Quadratic Formula
E. Problems that lead to Quadratic Equations

VIII.' Functions and Graphs
A. Functions
B. The Graph of a Function

IX. Systems of Equations;
A. Equations in two variables

B. Graphical Solution of a Systemf Equations
C. Algebraic Methods - Eliminations
D. Problems leading to SystemsrOf\Equations
Elementary Etterminants of the'\SecOnd Order
A- Determinants of the Second Order
B. Determinants of the Third Order

XI. Logarithms
A. Definitions
B. COmmon, or'BrIggs, Logarithms

C. Use ofeLog Tables -a I)

D. -Slide Rule
TOTAL HOURS

Task 3: Basic Electrdnics

Performance Objective:
'

ii.71'...:
Introductory material in basic electronics to include active deVices such', '

1

as diodes, triodes and amplifier circuits wip.1,1 be'used to build. and understand
;

te"trerating 'principlesor,uch basic circuits as audilyn Ra.amplifica- , ,..

0on, e)cillators, moplition and detection.
-, _iL . 4)

q

Ceiterion-ReferenceTasurg:

,

Successful completion of written test covering required Materiel tci

performance level ef.75 percent is necessary. All reqUired circuits wi

built, all troubles removed, made to dperite to 'lib specification's, and a

formal report will be required' for each_ experiment. '

"COURSE OUTLINE'
o

FIRST YEAR - SECOND. QUARTER
- .

-4

3

10'

5

5

60

Description:
I

This course is a continuation of tasic'Electricity. Tht intent of the

course is to add to those underlying basic principles.pfesentedearlier. In

such a manner as to give the student a comprehensive idea about basic

r.

.60

57

66



.

electricity/electtonics. As the electronics subject mat becomes more complex,
so does the tool of mathematics, which is being taught concu tly.

Performance Guide: THEORY

--

.

'

'

.

.

4

Suggested

Hours
7-

6

7

7

7

.7

7'

7

7

7

7.,

7

7

7

7

7

7

..7

7

7

7..

...

I. Diode Tubes
. II. Circuit Abbreviations
III. Triode Tubes

p

.

'IV. "Triode Amplification \
-------

V. .Tetrode Tubes
VI. Pentode Tubes

VII. Introduction to Power Tubes
..,VIII. Use of Power Tubes

IX. Classes of Amplification
X. Amplifier Coupling & Controls

XI. 4.-Audio Amplification

XII. Wideband Amplification
XIII. RF Amplification -

XIV. Impedance Matching in. Amplifiers

XV. Oscillator Principles ..

XVI. The LC Oscillator
XVII. ,The Crystal Oscillator

XVIII.,,,...5 Fundamentals of Modulation
!X/Xq Fundamentals of Detection .

Y.X. Fundamentals of Superbeterodyning,
XXI. Analysis of the Superheterodyne Stage

XXII. Introduction to Power Supplies
XXIII. The Total 'Superheterodyne Receiver ,.7,-4....,..

TOTAL. HORS .160 -

,

LABORATORY

1. Diode Characteristics
2: -'Characteristics

The Tr de Amplifier
4. Tube Ty e Power Amplifier
5.%.Npusil.,7:Pu Power Amplifier
6. '-,:1)gec.t''Analysis in Amplifiers

Atalf & 'Full Wave Rectification

8. Power Supply & Filter

.Task 4: Trigonomett

TOTAL HOURS

Performance Objectives and Criterion- Referenced Measures:

10

'10 ,

"18

10,

. 10

10

10
10

80

240

..4.4.4

tires,

1. Under verbal and written testing (75%), the student wilLbe abler
to state the'definitions of sine, cosine, and tangent; to solve any
right triangle; to- linearly interpolate froM,a table of trigonometric

58

67{ 1t'



- --

..,

functions; to read values of the functions fbr angles larger
than 90 degrees as signed numbers; to use the laws of sines and
cosines in solving tangles that are not right triangles. ,

,2. Under verbal and written testing (75%)1 the student wiii be '
to add and subtract vectors in a%plane; to convert:from paar-to .

rectangular and from rectangular to-7Cilar...f.orm; to graphically add - -

and subtract vectors in a plane; and to resolve a vector into com-

ponents in specified directions.

Description.:
.

Introduction to the trigonometric functions: use of the trigodometr
functions in solving triangles and vectors, .Use of fundamental

.

identit!.99q----/ '

radian measure; logarithms; and polar coordinates. . .
, . ..

. 1,

...

4

Performance Guide: THEORY

-I. The Trigonometric Functions
A. The Number System and Basic Definitions,
B. Definitions of the Trigonometric:Functions '

C. Values'orthe Trigonometric Functions
II. Solution of Right Triangles

4 .A. Use of TrigonOietric Tables
B. Trigonometric Tables
C. Vectors

.

III. Fhndamental Identities,
A. Fundamental:Identities

4 4
B. Trigonometric Reduction-
C. Identities

e,

. IV. Radian Melsureand Functions ofNumbers-
V. Graphs of the Trigonometric Functions

A. Introduction
. .

B. Hounds and Amplitude -
.

sC.-- Graphs of the,Trigonometric Functions

,VI. Logarithms . ..
,

10

A. Definition
...

B. The Common, or Briggs
.

Systdm of Logarithms,

C. Logarithms Computations i ....:.
. ...

VII. Polar Coordinates.
i 1

' .

0
, 10.i-

k I

A. Definitions and Concepts"

Suggested
Hours' ..

5
.

. 15'

1.0

10'

B. 'ConstructIOn.Of.-the Graph

C. Relations between Rectangulaf.and Polar, CoOrdinatea
, -

A.,

' Task 5:1 Supplemental Basic Information

_

:TOTAL HOURS -.160

itt
- .

- Performance : Obj . .

j v..

" ..
.

Obtain a basic wntking knowledge-di solid state theory _,anti ..,..-
.

,

,...,

through study awi laboratory experience. ,...;--: ... -.....
,.

,. 4,4.I. . ,.

.

th
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.

-

Criterion - Referenced Measure:
%

Understanding,of theory will 1m neasured by objective testing with succesa-

lanowletionleing a grade of 75 percent or higher. Laboratory experiments

will be cursued'until satisfactory
circuitOperation is obtained as speCified

in the laboratory experiment or'exercise
and each will be fdllowed by a technical

report which re-emphasizes-thorough
understanding of the informatign presented.

`;-

. 'Performance Guide:

Should a student be above average in bis/her achievement and.cOmplete the

preceding requirements in less than the twoquarter allotment, he/she
will be

allowed to spehd the remaining time in the quarter pursuing the following

subject matter,

.

Introduction to-Semiconductor
Introduction to Transistors

Transistor Parameters
Parameter Calculations
Bias Stabilization
Load'Line Calculations
Introduction to Audio Amplification

Audio Output Circuitry
Tuned Amplificatidn
Wideband
Le Oscillator Pr$.nciples
Methods of Transistor-Construction
Transistor. Specifications,

4

LABORATORY

1. Half-wave Rectification

2. Physical Characteristics of Transistors

3. Transistor Testing '.

: 4. Determination of Alpha & Beta

3. Transistor Data & Interpretation

6. Transistor Audio Amplifier

7. .f .Common Emitter Anplifi,er

8°.' Cascaded Amplifier

"9.. Frequency Response of Audio Ampl ifiers

10. l't?sh Towerlimpli,fier ..

11. Analysis of the Total Amplifier

12. The TRF Receiv4r.

13. The-Hartley Oscillator

N.

-44-

.4

4 5

Mr-

.
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Task 6: Composition & Rhetoric

Performance Objectives:
.

To be able to identifylarti of speddh as found in Sentences and recognize
sentence patterns-in common use. To be able to use a dictionary to determine'

proper spelling, meaning and pronunciation. To be able to write a sentence
given in one pattern as ail equivalent sentence in another pattern.

4.

Criterion-Referenced Measure:

,A grade of )5 percent or higher on a verbal and written wraninAtion will
be required for successful completion.

Description:

This course is intended to teach qte student the $sic skills 6d English,
the principles of correct cord usage, pa 'per punctuation and capitalization,
effective communication skills through various types of business letters,
telegrams, memorandums, and technical reports, and spelling words of a general

and electronic nature.

THE011
.Performane Guide:

Suggested
Hours

I. Basic Principles of Grammar 2Q:

A. Eight principal parts of'speech, and
B. Troublesome problems

II. Basic Ptinciples of Punctuation and Capitalization 14

A. Types of punctuation`Marks and usage.
B. Open and closing punctuation in letter writing
C. Correct way of writing numbers

. .

D. Standard ivies-for capitalization
III. Basic Principles of Undetlying Constructiorl and Composition 12

.of Business Letters, Telegrams, Memorandums, and Business

Reports - .

). A. Organization of materials and ideas for different
,

types
*of business letters

.
.

i *. B. Proper procedure used in writing business letters
1

C. Proper proceaure foryriting telegrams - P

D. Basic fundamentals for writing `memorandums and business

reports -

IV. Basic Spelling Words -- General and Electronic Terminolqgy -,.14 .

A. Correct spelling andnsage of yords '

B. Correct pronunciationOf words
C. Proper way to use dictionary, And consultition ofsuch

1

when in doubt of spelling, pronunciation, or definition

61

70'

TOTAL HOOKS 60
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COURSE OUTLINE

mg. FIRST YEAR,. THIRD QUARTER

Task 7: Physics

/

. Performance Objectives:

To learn and be able to add, subtract, multiply, divide, round, and estimate

the result of calculations in scientific notation, to convert a measurement with

one set of units to an equivalent one with other units, to represent forces with

vectors, to resolve vectors into components, to find the resultant of concurrent

forces, find the eqUilibrant force, solve problems requiting torques for their

solution, calculate vector momenta, compute velocity from conservation of momenta,

compute motion with unifotm acceleration, to relate force /change of momentum and

force/acceleration by using Newton's Laws, to talculate gravitational attraction

and acceleration, to figure kinetic and potential energy of a particle, and other

basic physical phenomenon.
,

Cr/terion-Referenced Measure:

Achikve a level of 75 percent or higher on written examination. A labora-

tory Manual is required with each assigned experimeat written in the, appropriate

technical form.

Description:

IntroductiOn'to basic principles of science. Precision measurements, laws

of motion, machines, optics, wave motion and electromagnetish are presented in

relation to the demands of industry.

Performance Guide:

I. Mechanics

II. Heat Transfer
Wave .Motion

IV.' Optics ,
V. Electromagretism

VI. Atomid Physics

THEORY

TOTAL HOURS.

LABORATORY'

3

Suggested
Hours

do 15
4 15

15

11
21
2

81

1. Measurements 3
.

2. 'Heat Transfer, 3
.

3. Acceleration of Gravity 3

4. Projectile Motion .
d3

5, Negton's Second. Law 3

6. Coefficient of FriCtion
.r

3

62

71. .



I

I

7. Simple Machines -3

8. Speed,of Sound 3,

9. TheSonometer 3

10;
II.

Orating Spectrometer
Index,of Refraction

12. Thin Lens 3

13. Polarized Electromagnetic Radiation
14. Magnetic Fields 3

15. Electromagnetic Induction 3

.52

TOTAL HOURS 126

Task 8: Transistors I

Performance Objective:

Given a set of,trahaistor specifications, semiconductor theory and device
operating, parameters will be afplied to compute component sizes, circuit'
parameters, and circuit limits including-device makeup such as germanium or
silicon and device ptoblems such as Imo BETA, and VBE.

Criterion - Referenced Measure:

SucCessful construction of stable circuits to deal with each of the
problems of the solid-state circuits presented in this block of tbeorywilf
be required. Laboratory equipment will be used to measure circuit integrity
for variation parameter and each experiment will be followed by a report of

results obtained. All theory tests will require a grade of 75:percent .

correct /completion for success.

Description:

Course is designed to teach the student the t- heory of operation of semi-

conductor devices. Course includip a study of the makeup of silicon and-

, germanium devices, as well'as a detailed study of the circu 'lts in which

transistqrs are to be found. Student learns to compute_ component sizes;

circuit Oarameters, and circuit limits:

Performance Guide: THEORY

I. SemiconductOr Physics,
II. The P-N JUnctibn

III. A. Rectifying.Properties of a P-N Junction

B. The I-17, Characteristics of\t Semiconductor

III. Large Signal DiodeApproximationm
A. The Ideal Diode .

B. The Second Approximation of a Real Diode

C. The Third Approximation .of a Rest Diode
D. Reverse Current

E. The Zener Diode

9 63

Diode

72

.

Suggestpd
Hours

6

8

IND



TV. 'Small Signal DiOde ApprOximations

A. Superposition

B. Diode Capacitance is the Reverse Region

V. Common BaselApproximations
A. The I-V Characteristics of the -Common Emitter Connec

B. The Beta of a Transistor

C. Base Bias
D. Emitter Bias

E. The Voltage Gain of an Emitter Biiesed Stage

F. Effects of Source Resistance

VI. Common Collector Approximations
A. Derivation of CC Formula
D. Gain and Input Resistance

C. The Darlington Pair

10

10

VIII.

Large Signal Operation,

A. The DC Load Line
411.°

,B. The AC Load Line

C: Obtaining Maximum Unclipped Signal

D. Load Lines for the CEConnection

E. 'Load Lines for'the CC Connection

Bias Arrangements

10

10

A. 'Beta Sensitivity.
B. Base Bias

...

C. Base Bias with Feedback

D. Emitter Bias
70

LABORATORY

1: The Diode Rectifier
2

\ 2. The Zener Diode
4

3. The Common Base Amplifier
4

4. The Common Emitter Amplifier
10

5. The Common Collector Amplifier
8-

6. The Darlington Pair
6

7._ _Emitter Biased Amplifier (Beta Sensitivity) 6

40

-TOTAL HOURS 110

Task 9: Closed CircUit T.V.

Performance Objective:

Be able to set up, tune, locate internal troubles, build and maintain

routinemaintedance schedulesforzlosed circuit T.V. systems. Understand

the operation of and be able to select the correct Camera types, lease

systems, and lighting components.

EA

64

73

11



:"
Criterion-Referenced Reisure: . . 0.- .

- , -

..,

Make all, adjustments necessary on an actual'teleyision system to set up
correct operation. Given a system with internal troubles, locate the problem,
repair the faulty circuit and rettara-the 'system 6 service, A grade'of 75
percent or higher%ust be maintained' on all examinations,_ .. .

. .

Description:

This course is,designed to giveia student's. fundamental background in
.closed circuitT.V. systems. Primarily solid staee'lidicon_camera types are
presented from both'installation Ind maintenance aspects.. Camera; types,
lighting requirements, lens ,systems; and environmental cOnsideratiois are
discussed. It should be fully understood that this course does not prepare
a student for a state television repair license or a job in that skill area,

as only industrial and instiumentation camera/monitor systems are presented.

Performance Guide:

I. Introduction
A. Systems
B: Environments

II. Cathode Ray Tubes.
- A. Kinescope

B. Camera
III. Sync Generators
IV. Television Cameras
V. A. Deflection

B. Video

*". C. Correction
1: Peaking
2. Pedestal
3: Aperature
4. Gamma
5. White
6. Sensitivity
Ba.anking

V: Monitors
VI. Supporting Equipment

A. Equalizing Amplifiers
B. Insertion Special Effects
C. Video Switches

VII. ,Lighting
VIII, Optics

IX. Television Recording

, 3

b

THEORY

.p 6

LABORATORY-

.

1. Video Composition and Oscilloscope Analysis
2. "CCTV Camera Set Up
3. Sync Separation .

65

74

7,

.i

Suggested

Hours
10

2Q. .

39

l`

f'

4

4

- 2

2

4

'80

.2
4,

4



4. Deflection Circuits
A. Oscillators '

B. Sync Circuits
Output Circuits

Luminance Signals

.6. ChrominanCe Signals
. 5.,

/

. .

18-

8

4

40

TOTAL HOURS 120-

ti

COURSE OUTLINE

FIRST Y - VUUkla QUARTER

Task 10: Reports fi Speech

. . .

s
4

,Pehfo'rmance Objectives: . 1%,,

.

'.

:
'-- Write office and inter-department instructions, directiyes, memos,.

technical reports,.and requisitions. Write a personal resume suitable for

job interview using appropriate writing models. y 0.8

../""

.

Criterion Referenced Measure; -, °

For a. selected research topic, collect and present scientific and technical

data in the organization of tebbnical report to "We satisfaction of elai

- instructor. Write a personal resume:ofa quality that is acceptable for an

. industry interview for a job.
..

'1Description:

Techniques of collecting and presenting scientific a d ttoe bniCal data.

Informal reports and formal reports; speciar types of tchn cal papers. Forms

and procedures to be used in the writing of technical reports.

-
r'

The subject matter of the student reports in this course will be taken.

from the electronics, technology curriculum.

Performance Guide: MAJOR .DIVISIONS
Suggested
Hours

The Scientific t4eihod.
Design of the RepOrt
For and Style of the Report
Criticism of ,the Report

*

9'
24
12
15

60
s/

*

66
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. . ;

UNITS OF INSTRUCTION

'I. The Scientipp Method
A. Meaning of the Method
B. Characteristics of the Scientific Method
Degign of the Report
A. Definition
B. ToursImportant Proceturpe"--
.c. Test of Progress
D. Primary Functions.of the Introduction
E. The Paragraph
F. Use of Sectional Headings
G. Special Types of Paragraphs
H. The Terminal Section
I, Synopsis
J. The Rough Draft

. K. The Short-form Report
L. NThe English of the Report

III. Form and Style of,the Report
A. Stenographicteteils
B. !Styling the Report
C..';Format

D. ',Figures

-E. Tables '

IV. Jaticism of the .Report
A. Finding the point of attack
B. A study of introductions
C. Studies -3!n reorganization

D. Studies in Coherence

Thsk 11: -Transistors II

3,

Performance Objectives:

24

442

15

,TOTAL HOURS 60

Be able to locate troubles in complex transistor circuits through a thor-
ough knOwledge of multistage transistor design. Find problems caused by ,

temperature effects and stage frequency response. Apply h- parameter analygis
to stage design and compenent selection.

Criterion-Referenced Measure:

Design and construct a high - frequency, brqad--band multi-stage transistor .

ampl1fier that will work to industrial criteria and environmental specifica-
tions. Make a grade of 75.percent or higher on theory and laboratory'objective..
tests.

'Description:

.
Course is designed Co compliment Transistors I. Included' a study of the

A-C operation of the transistor amplifier, multi-stage amplifiers, temperature
effects, and frequency response of transistor amplifiers. Also includes a
study of hiparameters, and brief study of such special' purpose devices as

fieldl-effeCt'iransistors, special diodes, and latching devices.

Ir. .

67- '
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Performance Guide: THEORY ti

Suggested
Hours

A-C OpeAtion
10-

A. A-C Analysis E Circuits

B. Emitter Feedb ck,

C., CC Operation

IL, CB Operation
E. Effetts of Source Resistance . *-

F. Stabilizing the Voltage Gain from Source to Output

G. Maximum Signal-Handling Capability

II. Cascading 'Stages
12 -

A. RC Coupling

B. Two-Stage Feedback
Inductive Coupling

D. Transformer Coupling

E: Tuned Amplifiers

F. DC Coupling
G. Difference Amplifiers

III. .Temperature Effects.

4 A. Changes Due to Temperature

1. Emitter-Junction Resistance

2. Beta Changes

3. Changes in Vbe

B. Leakage Current
1. Common Bask
Z. Common Emitter

C. The Stability Factor

IV. Frequency Response
ArRespouSIO an RC ou led Amplifier

B. -CO=on' e Stage ---'

1. Lower Cut-Off Frequency

2. Upper Cut-Off frequency

C. CammOtmitter Stage .

1. 16Wer Cut-Off Frequency

2: Upper Cut-Off Frequency
r--Cut -Off Frequencies

E. Base Spreading Resistance .

F. Response of Cascaded Stages

V. 'h-Rtrameters
A. The Concept of the h Parameters

B. Input impedance of a Network

C. Voltage Gain Using h Paradeters

D. The h'Parameters of a Transistor

1. Coro Base
2.' Co - Emitter

3. Conversion Of h Parameters

VI. Field-Effect, Transistora

A. The Junction Field-;Effect Transistor

- LiBiasing
2., Drain Curves-

7 3. AC Operation

,B. Depletion-Enhancement HOSFETS
.

AIL

68

7 *7.

8

14

10

'10'

7

5.



C. Enhancement MOSFETS

D. Biasing MAISFETS

E. A-C Analysis of MOSFET Circuits

VII. Special Diodes
A. Varactors

B. Step-Recovery.Diodes
C. 'Schottky Diodes -

D. Backward Diodes
t. Tunnel Diodes
F. PIN Diode.

VIII. Latching Devices
A. The Ideal Latch
B. The Four-Layer Diode

C. The SCR
D. The SCS

E. The Diac

F. The Triac

IX. Opioelearonic Devices
A. Light-Emitting Diodes

B. LED Arrays

C. Laser Diodes
D. Photbresistors

E. Photodiodes
F. Phototransistors
G. Photo Detector Arrays.

LABORATORY

1. IVo-Stage RC Coupled Amplifierf,
2. Two-Stage Tuned,.Transformer Coupled Amplifier
3. Frequency Response of. RC Coupled Amplifier'
4. Field- Effect Transistor Amplifier

5. SCR Control Circuit
6. The LED

Task 12: Test Equipment

TOTAL HOURS

,6-

4
(.

80

".=

10

10

10

6

2

2

-40

Performance Objectives:
- .

. ,

Obtain a working knowledge of the internal.constructiOn, circuits, and
electrical liitits of a basic set of electronic teat eats: -tree:this equip-
entyithin its design limits to make qualitative meagurements *electronic

c rcuits.t . 4 .'.

Criterion- Referenced Measure:.

Build the basic measureplent4rcuit and Show that it will work for each of

the measurement equipment types presented. Given industrial or laboratory

69

1



O

0a
grfde equipment, properly attach to a system to obtain meaningful measurement

data to determine if the system is functioning correctly. Make a grade of 75.

percent or higher on theory examination*.

Description:

Course begins with.a study of basic meter movements and how their ranges

can be extended. Course includes a study of various meters, signal generators,

capicitance, inductance, and impedance measuring devices, and the oscilloscope.
Also included is instruction concerning the care and use, and repair of all

test equipment.
.

Performance Guides THEORY

I. Basic Measurftents and Electrical iANTS.

A. Ilasic Meter' Movements

B.Advantages maid Disadvantages
II. Range and Function' Versatility

A; Extending MeterRinge a

1. Voltmeter
2. AmOmeter
3. Ohmmeter

B. Function Change
1. VOM
2. VTVM

III. Tube anct Trantiistor Tatars

A. Filamentesters'
B. Mutual - Conductance Tester

C. Diode and Transistor Testers

D. Transistor Curve Tracer

IV. Signal-Generators

A. Basic Oscillator Circuits
1., Hartley-Oscillator. ...

2. Colpitts Oscillator
3. Tuned-Plate, Tuned-Grid Oscillator

4. Crystal-Oscillators
5. Mdltivibrator Oscillator

6. ElectrOi-CoUpled Oscillator
.

7. lyien-Bridge :-

B. .Genetation of Non-Sinusoidal gignils

C. _Generating Sweep' Frequencies

V. Impedince Test
A. Capacitance MeaSurement
B. Snducfance'Measurement
C. VTVM,Capacitance Test

VI. The Oscilloscope
A. Types and Uses
B. Construction

G. j3lock Diagrai

.1
70

79

6

Suggested
Hours

6

6

'6

, 6

't

4



D. Circuit Study
1. Vertical Amplifier
2. Horizontal.Amplifier .

3. Sweep Circuit
4. Power Supply,

-

I. Simple Meters

Voltmeter
B. Ohmmeter

1. Series
2. Shunt-

II. Transibtor and iube Tester
A. conductance Test
B. Curve Tracer
C. Meter Test

III. Signal Generator
A. Use oSenerator
B. Simple Oscillator

IV.. Use of Impedance Tester-s
`v. Use of Oscilloscope '

Task 13: Lab Projects.

.Performance. Objectives:

oA

LABORATORY

r

\
',. 6

36

6."

4 ,

6

24

TOTAL HOURS 60

a

1. The student will produce Bich of the approvedelectronic solder ,joints`

.
-to indus standards.

2. The student will produce a usable electronic chasis,.pundbing or filing
ell oles to-i-quaIity'acceptable for field:modifitation of existing
commercial equipment.

3. The student will manufacture including' layout, photo work, and drIlliog
of a printed circuit card.

4. The student will pro duce a cable for interconnecti on of electronic-

elfUipment to include at'least two multipin connectore and a barrier
connector,, properly laced and labeled.

6

.Description:

Course is designed to give thestudent practice in,properitechniqUes used
in fabricariop and repair of OIectwic equipment.' Student 1011 learn proper
procedures for working meal chissis,'Olinning and etching printed circuit

'llioardsand'fabrication of electrbri/ecables;
. ,

e

s

71

M
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1

q

I. Soldering , _

A. Outside Chassis

B. InsidiChassis
II.' Chassis Punching

A. Drilling

B. Use of Greenley Punches

C. Nibbling
III. Bread Boarding

A. Circuit Layout

' B. Circuit Connection

C. Chect Out of Circuit

IV. Etched Circuit Fabrication

A. Drawing to Scale

B. Photo Reducing

C. Etching

D. Drilling

E. Soldering-

V. - Cable Fabrication
' A. Plug Wiring

B. Cable Lacing
C. RF Cable Fabrication

!VI. Chassis Layout Planning-

-A. Spacing of Parts;

B.. Location of Controls
C. PoSitioning of Components.,

D. Routing of Wires

VII: DC Board Repair
A. -"Broken Run Repair

1.,;" Cotponent Replacement

I
A

6

Hours
16

16.

16

20

,16

-20

16

TOTAL HOURS TAT

COURSE-OUTLINE

SECOND yEAR-- FIFTH QUARTER

Task 14: Industrial Electronics I

Performance Objective:
47:\

Obtain a working knowledge of the theOry ase sq

problems in theinifustriatelectrOnic and.tiroiess con

t

A

.

° CriteridnrReferedied Measure:
,v .

"".

Produce a gra4 level of 75 percent or higher on

material akea.: -...
. .

. .

72

8,1

L

tiOn techniquei for
rklobt,Eirea.

.

illation in the subject
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.4

Description:
.

7 ,

... This course is aimed4At the theory and solutions technique*, .to many

' technician ,problems in the indi4striaI electronics And ,procesia conqal Urea44

'''fie- -emphasis is on theory,. not ,equipment ,8r 141;oratOrywoik beciiiie7mani"

industrial and instrumentation systems requite special, iircaiteliVidikf are
. .

ditfittrit-ra -understand and must be treated mathematics* if a solution is

to .be realized. The fundamental concepts' and skut4on. teChniques are jPre-

sentea individuallrith ample problems to insure,student underatinding.' A

Performance guide:
I

I. Introduction
II. Unit Exponential FUnction

III. pecibel o"onversipii'System.

IV. DC MeterS . .

A. talibration 'Err*
Loading Effects

C, Shunts
- 1.- Ammeter

. '2. Voltmeter

,D. SenSitivity
E. Ohmmeter

- F. .VOM
V. 'Diodes'

A. Approximations I, II, III
Clippers

6 )C. ClamperS
VI. SA-C Detection

A. Haq.fa.Ve .

LowRMS Non7lheikity
C. Peak -Detection':

D. Loading Effects ,

E. Pr? Detectot
Bridges

THEORY,'

.

,

A. 'Direct Current
1. Wheatstone
2. .Potentiometer
3. Thevenin Equivalent.).

B. Alternating Current
1. E

. . .

%.:Suggested

2 .

6- .%

10:, -Sty.

,

;,:".

e

0

2. Series,-Parallel Conversion,.

3. Balanced Bridges .

4. Comietcial AC' Bridges

VIII. Attenuators
A. L -Type

B. "SYMetrical-T

' *Symetrical4'D
p. Bridged)
E. Cascaded Sections

- ,F. M-Derived

,73

16

." ; Yr ".."*""lrur-4



0

S ,?

.

4.

Ix.

SIP

f .
Filters

A. Pass
1. High .

2, Log
3. Band

8. Rejection
) 1. :no

Low '

T3erijiir.tlon
Q

z

C.

...

i: t

r ,

,... r,

I. Ammeter dalirAtion
2.. Vdltmeter Calibration

'3.; ,Wheatstone Bridge 4

t" 4. AC Bridge .

5.,.;. L-Attenuator ir 4.
6. Calibrated rand Impedance-Matched-T-Attenuator
7. -.. Lop -Pass filter t

8. High-Pass Filter
9. Band-Tess Filter A

10. Band- Rejection Filter .
- , .

r II
. , . . . . . .

.11. .
.

1`6

.

a-

A
LABORATORY

*

tyl

I ;

0

, 11'

Taste 15: Insorunentation I

',+. -
.

. . . .'

Performance Objective:
o .

or

Obtain a worieliig knowledge of an electronic
transducers(temperature,-pressure, .flow, volume)
recorders, indicators, alarms, output mechanisms

. .

4P4

*0

#

.4'
3,4

6 die.

as in current industry.

f

Criteriomileferenced Measure:

-

2
2

4

4 . t

4

6

4

4

4

6'

40 ,

TOXAL HOURS,. 120
-

;

-410.

process control system, input
recording-devices, strip chart.
(servos' and pneumatic valves_

5

, . Produce a grade level 'of 75 percent or high jp.k- n written examinations'

, .

e
the' spbjec&matier area. .

.

1
. fi

t.A
.
'

. : i
.

. .4 \
Description:. .

. .

.
. . i

Instrumentation I is a,firit course in the stpcoof measurement and Chntrol .

'of iiro.eesses usei in industry. ,Included is a, study ortbilitheory of procesi
-s cpottlities tb be measured and controll4ciuch as, pressure,.heat, flow, and

.

'weight. Aldo covered Ike basic behavior *4: materials, energy and. force
.. .

systens: . f, . 1 .

v., :1 . a I

. -
.

, 4.

*
,

4' :r

A I .
a 74

8
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,
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D.

S
,

Performance Guide: ' THEORY

.

I: Instrument Application.,

A. The Process
&;s- TheTypes of Measurements

The Types of Ibstrumenei Available
II. , Basic Behavior of Materiali,

Changes Due to Temperature..

B. Chahges Due to Light
C. Strain and Stress
Basic Principtes'
A. 'Weight, Miss, and Specific Gravity
B. Hydraulic and Pneumatic frinciples
C. The "V Tubeapnamettr

IV. Energy add Force-Systems
A. Types of Energy

B. laws of Levers
... C. 'Hydrodynamics

D:. Types of Fnieitic and Hydraulic Amplifiers
V. Heat and Heit"TrWifer

VI:: Electrical Circuit's and Devices
A. Potentiometers

B. Electron Tubes
C. Trgnsistors

VII. Alternating Current Circuitq

.4;

.A. Induced Voltages
B. Transformers
C. Resistance; Reactance, and Impedancd At

VIII. Pressure
11,

Measurgments,'Mhchantcal Transducers
X. 'Force Balance-Gages',(No Elastic Defordation)
B. Force Balance Gages (Elastic Deformation)-

, C. Absolute Pressure Gage ,

D. 6ifferentiallPressur Gage
--117-ressurelfe,asurements, Iftectrical Transducers

4. Heat-Conduction Gages'
B. Ionization:Type Vaciiam,Gages

C. Egichanical-Eleqtrical Pressure Transducers
D. Variab19-Capacitanae Gages --..

E: Manometer Transducers
F. Torque,Balance Pressure Gages
'G. Oscillator Type PressureCurrent Transduders
'H. Electra-Pneumatic Transducers

X. Liguid and Gas Flow Measuremedts, Mechanical Transducers-.

A. DireetTolume Measurements

B. Positive Displacement Pump Measurements
C. Accdleration Type
D. Farce of Fluid Impinging on at.Obstruction
E. 'Speed'of Frop'eller In Flak

IF. Vane Torque

G. Rrifice and_Venturi

Suggested_
Sours

8

8

8

S

8

!'

-

- .

75

4,

4 s

_8

s 80 ,

A,

7-1

4



4 r
III. A-Cnircuit Analysis _20

A- Review of Phase Angles-
B. "j" Operator
C. Compensated Attenuatof and Low Pass Filter
D. The Bode Plot
E. High Pass Filter and Bead Pass Filter
F. Lead and Lag Networks

'G. "Q" and Series Resonance
E. Band Width.
I. Selectivity.

4

J. Impedance Transformation
K. The Resonant Transformer

IV. -Transient Analysis 16 .

A. -The Square Wave
B. The RC Circuit
C. Normalizing a Curve
D. The Tine - Constant Chart

E. Rise and Fall Times
F. Interrelation of Transient andFrequency 4.

01 DifferentiaCini and Integrating a Wave Form.
-- V. Transformers 16

1q Mutual ImpedanOt
B. Self-Impedanee

0' C. Driving-Point Impedance
D. Transfer Impedance
Et The Dot Notation.
F. Transformer Trap[er Impedance
.G. Current and Voltage Relationships
H. Ec$.iivalent Circuits '

1. "T" Equivalent Circuit-
2. Primary -Side EquivAlent.Circuit

3.'1/4 Secondary -SideEcluivalent Circuit

VI. Graphic Analysis of Vacuum-Tube Circuits 16
A. Analysis of Characteristic Cc rmes
B. Q.-point Evaluation .

C. Plate"Ditsipation
D. Triode Parameters
E. The Tetrbde '

F. The Pentrode ;

G. Biai
1. Fixed Bias

'. 2. Self-Bias
3. -Cbmhination .

H. The Dynamic "Q"Point.
J. .The Dynamic Load Line: .

J. The Cathode Follower
K. The GroundeeGrid .Amplifier
L. The Cascqde AnplifieT -

A

- .
LABORATORY

1. Three Loop Circuit .

2. Sine Wave -Phase Shift

3. ' The Resonant

71
p4.

4

. 100
a



LABORATORY

'I. The Thermocouple 5

-2. The Manometer . 5

-3. The Pneumatic Amplifier 6

4. The Transformer 6

5. The D-P Cell, 6

6. Mechanical Pressure Transducer 6

7: The Venturi and the Orifice 6

40

TOTAL HOURS 120

Task lb:. Circuit Analysis

Performance Objective:

Obtain a thorough working knowledge of passive network analysis to include
various solution methods such as...current notation, loop and nodal analysis,

determinants, complex numbers, 3-Operator, Thevenization, Nortonization,

Millman's Theorem and transient analysis.

Criterion-Referenced Measure:

Make a grade of 75 percentor higher on testing in the study area. Perform
asSigned experiments and produce,aft acceptable technical report to validate an
understanding of material and solution techniques applied.

Description:

The course is a study of passive hetworks'anA
Included in the course is notation, loop and nodal
determinantskcomplex numbers, and RC, RL, an&RIC
circuits are ilso analyzed:

Performance Guide:*
0

\.
THEORY

I. Notation, Voltage and Current Dividers"
A. Notation
B. Voltage Dividers

C. Current Dividers
II. Network Analysis and.Thearms

A. Superposition Theorem

B. Th&ve
d. Norton's Theorem
D. Hillman's Theorem
E. Kirchoff's Voltage _taw (Loop Analysis)

F. Determinants
G. Kirchoff's Current Law (Nodal Analysis)

various methods of analysis.
methods of analysis,

circuits. Vacuumtube

76.

85

J

Suggested 4'.
Hours

12

20 6

,

f;



;.:

4 The Differentiator
The Triode Vacuum Tube

COURSE OUTLINE

SECOND YEAR - SIXTH QUARTER

...Task 17: Industrial ElectronicsI
.

Performance Objectives:

4

4
20

TOTAL HORS 120

lia$e Apply theory background to ppacticai application in'induStrial and

F
process control equipment including the mechanical to electrical/electronic
interisce containing MAG-AMPS, synchros, servos, control amplifiers, thyra-
tront,TRIAC's and SCR's.

.Criterion- Referenced Measure:
-

Set up each, application based experiment; remove,any troubles or defective
parts; obtain operational data and compile a technicai report to industrial
standards. Make i grade, of 75 pereant'or highgr for a cumulate written
examination grade. 4

'

Description:

Industria l Electronice-fI tarries the theory to practical application in
industrial dud process control applications. Process, mechanical to electri-

' 'cal interface, mag amps, synchros, servos, control systems, and sensing,
circuits are studied. Many of the electro-mechanical devices required Sy
industry are investigated both in theory and in the laboratory. This course
gives_the student'the background of information required to understand indus-
trial electronic procesecontrol systems.'

Performance Guide: o THEORY

I. Transistor Review
II. Amplifiers

A. AC-DC
B. -Equivalent Circuits

1. TheVeniniied
. 2. 'h-parameter

Gain Formulas
D. 'Modulator.- Demodulator
E. Phase Detectorc,
F. Difference Amplifier

7'S

87

i4

Suggested
Hours

10

20



49.

III. °Electronic/Voltmeter -

A. ,VIVM
B. Eigh.Impedancellatmeter

IV. Oscilloscope Fundamentals_

V. Harmonics

V.1. Harmonic Analysis Instruments'

VII. Signal Sources

VIII. Transducers
IX. Control Systems

X. tE/ectro-Mechanical Devices

A. Relays
B. Synchros
C. Servds

LABORATORY

1. Applications of Null Type Instruments *

2. Motcrs,. Converters, Inverters, EtDyrsmotors

3. Syichro Transmitter and Receiver ,

4. ,Synchro Differential Transmitter.and ReceiVer

5. Synchro Control Transmitter .

6. Geared SynchrD Systems
7. Synchra Resolves(
8. Basic Servo Systems

9. 4e esenta4ve Seivomachanism Systems
10. Characteristics of a Saturable Reactor

11. Application pf a Saturable Reactor

12. DC Shunt Motor Operation
13. ThyratroA,Control-of.the Speed of a DC Motor, '

14. Automatic' Control of Motor Speed

15. Regulated Electronic POwer Supply

Task 18: Instrumentation II

10

6

4
2

-4

6

6

12,

.41,

80

2 ac
2

4. .'%

'2

-2
2'-

2

2 .

4
4
2

2

2-

4

t

o

411
5/ I

TOTAL HOURS . 120

.

. .

-%

,
S.

Performance Objective: ',.

i -
. .

-

Interconnect transducers, recorders, ontrollers, slid control valves for

. a mtaningfill proeesa control application. . tarn a {forking knowledge of =ore

_advanCed measurement systems used in current A ndard indusprial applications.,
- .

Criterion-Referenced Measure:
, .

Set up assigned experiments using transducers (temperat e, floW, level),
.

controllers. Both indicating and reiisteting with recorders, servo systems,

both pneumatic and electronic, producing a stable minimal control system.

** -

79 a

N
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4

r

how dynamic and static system operation, collect system aataland write a

;4-technical report,ro'induatv.standards. Make a grade of 75 percent or_

highqr-on related theory testing.

Description:
,

.
.Instrumentation II is a second Course Jai =the study of *essurement and

control of.progesses used in industry. Included it this course are flow

measurement with elect /gal transducers, measurement methods for such

quantities as liquid-lev tempe re, viscosity specific gravity and

ph, and indicating and recording equi ent.

Performance Guide: THEORY

-V

Suggested ,..

Hours

I.. Flow Measlirements, Electrical Transducers 8

A. .MagnetiC Flowmeter
4

B. Turbine-Type Flowmeter .

'4

,
., ". .

C. Strain Gage Flow Transducers % .

D. VariabIe.Axea Meters
E. Mass Flowmeters .--

- 17
4.i

F. Differential Transformers Transducers

G. Measuring Flow of ,Dry Materials .

II. Liquid Level Measurements
8-

A. Position Measurement
B. Volude Determihation

C) Weight Determination
4

D. Gage. Glass e',

E. Presstde Gage"
F.' Purge or Bubbler System
G, Manometer Range Tube and Counterpoise

El. Float Systems .

I. Capacitance Level Gaging

III. Temperature Measurements, Mechanical Transducers

A'. Nonelectrical' Methods ,

' a 1. Change in Volinne of Liquid

'2. .Change in Pressure of Gas

3. Change in Vapor-Pressure

4. Change in Dimensions of &olid
.

B. Electrical Methods

1. Thermocouples -

Z. -Change in Resistance

3. color Comparison' . (I

4. ;Temperature Measurement by Ascertaining the Energy

Received. by Radiation A .

IV: .Temperature Measurements, Electrical Transducers

40 The Resistance Thermometer'

B. The Capacitance Bridge.

C. Thermocouple
D. Radiation'and Optical Pyrometir..7

,

80- -

. 89

8

-8 ,

a
k



V. fotentiometric Devices

A. Automatic-Potentiometers
. B. Electronic Potentiometert

C. Oscillator Type Electronic Potentiometers
VI. Indicating and lgisteringEquipment

A.. Recording Devices .-

I. Circular Chart Instruments,'
Z. Stiip Chart
3. Pneumatic Strip ,Charts.

B. 'Scanning Logging Sy temi
Humidity Measurdnen
A. Psychrometers
p. Hygrometers
C. .Daw,Point Determination

0 3,
8

I

D. Determination of Moisture Content of Fabrics and tlitetisla

E. Continuous Water Vapor Recorder
SpeCiiric Gravity and Viscosity Meas4
A. Specific Gravity Measurements.
B. ViecOsity. Measurements

IX. - pH Mtiasurements

,Meaning .of. pH

B. "-How td Measure
C. 1\rinciples of the pH Meter

.1.1 Servo Systems .

,A. Split phase Meter
B. AC Amplifier-
C. DC Motors
D. VC Amplifier'

E.-, Closed. Loop Systems\
)'.

8

..,
t-44

8

8

L.

8

, . 80 .

: ,

','

-1. The FIowmeter :
: s' 2. The Level Detector

3. The. Thermocouple

4:. The Poteatiomtter
.:.5. ..The Strip Recorder.

6: -The Hygrometer
' 7. The pH Meter

8: ,, The Servb
:

. :.
.

.' S.a,
. LABORATORY.

:.

40

. .. - . ...

2., .'
4 ..

.

..

. , '4 es . .
. %:- Task: 19: Eor trail.

-..

.

0.

*.7
TOTAL HOURS

7 4

Performauce Objective:
.

Obtain:a working knowledge to,a user level in'th cientifit/technici4nr

Computer laltudge Fortran-IV. Be able to use manufacturer supplied softcard
-,

r .

120

4 t 41,



to exercise system for fault analysis. Be able to use the Fortran language.
to_bolve electron4s problems as required is industry.

CriterionReferended Measure:

Successfully complete all.assigned programs and suPply.a computer print-

out of the program, input data, and solutions. Make a grade of 75 percent

,..on.objectiyeAheOry examinations.

. Description:- -

.

.
.

,Fortran (FormulitTranslation), an engineering and technician scientific
,

language that closely resembles mathematics, is the industry accepted standard

.
for troubleshooting and software diagnostic routines. This. ptoblem Oriented,

language provides scientists, engineers, and technicians with a computer
communications mediuM that is more fami/iar,.easier toleern, and easier to'

thanthan systems based (Col;a1) or machine base (Assembly) languages. This

course places emphasis On program planning. Fuhdamental program techniues t

such as looping, flow charting,' computed entry-ext4are carefully explained.
_Applications related to all phases of the students course of electronit Audi
are used to reinforce-' program study, All of the basic Fortran IV instruction

set elements.are studiid with application on an operating eyitem in the form____-_,

of designated program laboratory assignmenter-mach e operating experience
;is an integral-Fart of the total course 4nd thetefore is not.listed as a. .

sub-section.

Performance Guide:

I,. introduction

II. . Coding For

*.;

THEORY
'' Suggested'

Hours

^./A. How the Columns are Used

.1. FORTRAN Statements .

2..' Statement Numbers - .

3. 'Program Identification, Sequencing

' 4. Comments

5. Blank '

III. Constants, Variablee, and Arrays

A. *Constants
1, Integer C stants

4. Constants
B. Variables

1. Variable giulig

:2. Variable Types
,3. Subscripted Variables

G. ArraYs and Subscripts ,

). . 11 Arrangement of Arrays' in Storage .
Subscript Forms .

t
.

82

.91

,..";



4.

6

Atithntatic Expressions

A. Definition.
B. The Axitfimetic Operation Symbols

C. Computational Modes, Integer and' Real
D. The Mode of an Expression

1. Integer and Real Mode Apressions
2. Mixed Expressions

E. 'Use of Parentheses
,F. Order of Operations 1 ,

V. Statements
A. ArithmetiC St tements

Control Statements
1. Uhconditional '60-J0 Statement

2. amputed GO TO Statement
3. IF Statement
4.. DO statement
5. CONTINUE Statement
6. PAUSE STATEMENT

7. STOP Statement

8. END Statements',
9.' CALL Statement

10 Special CALL Statement
11. 'Machine and Program. Indicator Tests

C. Input/Output Statements
1. Non-Disk I/O Statements
2. Disk I/O Statements
3. 'Unformatted L/0 Statements

a

.
"'
C

Sc

.

4.. Indexing I/O Statements
5. Manipulative.I/0 Statements
6. Logical Unit Numbers'
7. FORMAT Statement

=

I

,1

-

Specificatibn:Statements , . .'

1. Type Statements (real, integer) .
.. -

02. 'EXTERNAL Statement, .

-; 3. pfmENsioN Statement
4. COMMON 'Stateliane

,- ,S. ,EcInialence Statement '

".6. DATA Statement
..-- 7...,15EFINEI'ILE Statement

Apb-Program Statement' .-

:A. Sub-PrograM NateS*-
u /, 2. Fbnctibns ,

3.. SUBROUT:ENE:SUI-Program
- 4. EIND'and RkTURN Statements in Sub:4Program

...5. Sub7:Programs-.)Orittgn Ixt Aasemblir,tanguage
--;:'

.

.4..i
.

...
.

.

\,

,- t. \
II t
';''

10

, , ,,,.

\ :t .

5..-
I A` 0 ..

,' '.01110

0 .* t
o

\ :`,

.4. . o

.
.120

l

. .

.

e t,
0

.
'5,

0".
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1

sl '
COURSE OUTLINE

'5840ND4YEAR - SEVENTH QUARTER,

Tiigic 20: Switching Circuiie

Performance Objective:
,

'ZObtain a thorough working knowledge of current

' fabrication techniques. Be able to locate troubles,

"and find the'discrete part iallure. nderstand the

limitations in construction.

Criterion-Referenced Measure:

logic modules and
941:s. logic block level

igd procedure and

Build each logic circuit, locat any problem's, exercise the circultAideg

the design criteria (voltage and t- erature.vatiationle to determine satis7_,,,'

.factory operation. -trite a technic -1 report On each unit to industry.standards.

Make a grade lever-of' p percea,or higher on theory and - design proCedure
A

testing -

4

Description:

A clear, concise, detalled

to the student: Each of the bee

both design and maintenance sten
and exptrimente upon actual clrc
Algebra ,and KarnaUgh mapping te

duced.

_

p The course is based oh t

knowfedge of transistor circu

Performance Guide:

,A,
J.' Pulse Waveforms
II. Cir9ui;.Theorem Re iew

A../-Theveninis orem
B. Norton's iheorem

C. Superposition
D. Milpan's Theorem
E. Loop and Nodal Analysis

UP. RC- Networks

- ' kc Time Constadts

lanation of digital cuitry is presented
logic building blocks-are studied from 1,

points, with,ample laboratory construction

itry,.to reinforceunderatAnding. Boolean'

piques for logic simplification are intro-

aY t

assumption that the atUdent-has a -reasonable

try. Transistor I and II arepre-requisites.

B. Integrators-Differentiators

ce DC Restoration

THEORY

84

93.5

Suggested

' Hours .

2

16

A

,- 12.

.

v.



.

-

IV.' RL Networkit :
At_ In4octiye Energy
B. L/R Time Constants
C. Pulse Transformers

V. The'P-N Junction Diode-
'+ A. -Clippers

B. Clampers
The.Junctidn,TraneistOr

--t-16A. Fundamentals
B. Equivalent Circuits
C. Switching Characteristics

VII. Switching Amplifier Circuits
VIII. Logic Circuits

A. Logic Circuits
1. AND
2. OR

3. Inverter
4. NAND
5. NOR4..

B..5.torage-Flip Flop
,.** *":41.".;Astable.

2. Ifonostable
.

t

C

S

.
IABORiTORY

1. , OR Inyerter Logic - 3010

2. Solving Logital Equations
3. The Flip-Fiop,

Binary .Number, System,

5. -Computer''Codes

.6. Computer Arithmetic Operations
The Steered Flip -Flop

8. Shift Register and Memory'Transfer
9. Binary Codes

10. Serial Synamic Memory

11. Parallel Random Access Memory
12. Serial Adder

13. Gray Code Conversion

14. Digital to Analog Converter
15. Analog tcx Digital Converter

16. DigitaliVoltmeter
17. Arithmetic Unit 3010

r

0

10

4

16

80
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2
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2

2

2-
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2

4
2
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40
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TOTAL HOURS, 120
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.
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Task 21: Communications I

Performance Objective:

Apply basic circuit design theory and tuning practices lo transmit s,

receivers amplitude modulation, frequency modulation and antenat as'neces

,,.. to proper y align these devic9. Knpw the equipment limitations and regulato

agency'cr teria, align and certify that the equipment meets these rules.

Criterion- Referenced Measure:

Co%Aletely align, an amplitude-modulated transmitter and s perhe odyne

receiver, a narrow-band VHF frequency-modulated public services radio mstem to

.include transmitter, receiver, with, private line, and infotMation mu iplexing.

Student-is required to apply for the Federal Communications Commission ird

'Class Radio-Television License.

%1
. -

Description:

This course introduces the student to basic communicafions theory.and

measurements. The material covered includes basic theory, transmitters,

receivers, amplitude modulation, frequency modulation, and antennas. Thel.

course meets all the, requirements and procedures necessary to obtain a second

and third class Radio Telephone, Federal Communications Commis4.on,License.

Pre- requisites are Direct Current and Alternating Current.

'
%' .t

Performance Guide: THEORY

Basic Theory
A. Current, Voltage. 'Resistance

B. Direct-Current Circuits

C. Magnetism
D., Alternating Current
E.- Inductance and Transformers

0 F. Capacitance

G. Alternating-Current Cirtuits

13. Resontnce and Filters

II. VacuumTuhes
Salid State Devices

IV. linwer Stipples.'

V. Measurement Devices_

VI 'Oscillauors

Vii. Amplifiers
A. Audio

B. Redid Frequency

VIII. Basic Ttqnsmitters

IX. Amplitud Modulation

) X% Er.equencyModulation'

r 86

b

'7.

4

r

tiggested

Hours
5

'

6 .
2.

,8

8

44
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'

sw)
XI. Receivers 8

11. Amplitude Modulated 4
..., 4 -44'

14 Superheterodyne
2. TRF .

. .

B. Frequency Modulated
,

XII; Antennas -.1
''',

:1

i
6, itt

XIII. License Information ",--. . 20
. -

A. -Element 1, 2'" -
1

,

B. Element. 3
..

.
80 ,.

. .

6
LABORATORY

1. Transient Response of Tank Circuits
2.' Self-Exciting Oscillator Circuits

3. Basic Types of Circuits
4. Crystal Controlled Oseillitors.

5. Radio FreqUency Power Amplifiers

6. Frequency Multipliers
7.- Amplitude Modulations 4.

13. Plate Modulation of Class Amplifiets
9. Single-Sideband Suppre'Ssed Cariier %

10. Class'B Modulator Related to tuIp Curve
'11. Frequency Modulated Receivers -

12. ModulatIOn Index; DeViation Ratio; and. Bandwidth

13.' Alignment Adjustments of FM Receivers'

14. Reactance:rube Modulators
Limiter and Detector Circuit Analysis

16. Discrimingtor-Ratio Detector Adjustment

17. Radio Frequency Voltage Amplifiers
18. . TransmisSfon Lines and Antennas

19. Construction of Antennas
20. Check. SWR and Ad3,us1 foi Minimumti.

`

22: Microwave

.

A

P.

:2 4

2

2

2

2.

2

2

2

2

2
24..

2

2

2

-2

2

40
7

TOTAL HOURS 120,

.' , i, 1 e.
Performance Objeaive: '' ''

-.
,

_.: , . _ .
,

Obtain the basic mathetiatital formUlations, operating principles,. acid
measurement procedues as. applied to. radar and microwave related assignments.
Be able to identify and interconnect the basic set of microwave hardware,

such as: Klystrons, Magnitrons,TR, AT,, Wave Guide Components, to build

meaningful systetos.
.

, . , ... .4:- .6,.
,

.... .. ., . _ .
.

s

.

87

.
A

k
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Criterion-geferenced Measure:.

-Perform a set of 11.crowave and related experiments,. Shdy proper-,operation

by data collection and caplea technical report to'industry standards:On

each experiment. Obtain agrade level of at least 75 percent or mote do all

written examinations. Strident, is required-to apply for ai examination for the

Federal Communications Commission Radar Endorsement to a second class radio

telephone license.

.7

.Description:

_A basic introductory course in theory and measurement for tedhnitiani

radar and microwave` related jobs is pursued in thii; courser A concise treatment

off microwave must aisacontain the matheMatical formulations which illustrate
fundamental principles and measurement procedures.. Particular attention to
technician} procedures, problems,-and application is given throughout the course.

This course gives a goad base of material upon which to study more advanced

microwave ioncepts and techniques. 1,

Performance Guide:' .. THEORY

.i,

I. lntro!uct,on to Field 11 TY-
4

-,fI-. Transmipsion LinelA
.

.

.

-

.

i
A. .Two Wire'Line-'
B.,-., Traveling Waves

C. Reflecting
1.-'Termiaated .. - .

-2. Shorted : .." A

_ t...';... ',..
al. Open ,

. .

..

III:. ,.1.ines ---al;Microwave rreildencies

'- "A.. Traveling' Wives .."`

.B. Propagation: -'
.

.
. d. SWR -: -, .

,-.

DA Surgekpedance..
-z

.

..j .

,'.......
:-,:,

-iv: Le of Smith. -,,Chart '..-:--
.

A. 'Impedance4idmittb*e ..

,B. MatChing" ,

.

C. Stub Tuner'

401"

1. Single- ,

2. Double .

V. Coaxial Transmission Lines.andlireaSUriUg Equipment .

'VI.. WaVe Guides ,
&.

A. Mode's .

- B. Otiique Reflection

C. 0-Pe-rating-Range-

*, D. Dinensinha

a E. Impedance. .

V11.:, Wave Guide Elements and Components.

--.Matehing..Elements

B. Shorts
C. Tees
D. Shifters-Attenuators
E. Couplers

88

: 9 7

Suggested-.
';Htlurs .*

4.

.1(

;

4'

_

.12

4

4



I..- Detectors

1. Bolometers
2. "crystals

G. Joints
H. Antennas.

VIII. 'Frequency Measurement Devices

A. Regonators,
1. Transmission Line
2. CaiAity

B. Tuning Plungers
C. Wivemeters
D. Mode Chart

R. Filters
IX.. Activg Devices

A, TUT
B. Backwave Oscillato r

C. Klystron
D ,Magnetron
E. Parametric Amplifiers.

X. Measurement of Power

A. iolometric
B. Balanced Bridge

C. Calorimetric

-

LABORATORY

t'

4

1

1

10

#

4

60

1. Introduction and Lab PrOcedures 4
A. -)Safety

B. Equipment Handling.

2. Reflex'Klyatron.Characteristics 6 ,

. 'Frequency Measurement 4

4. Power Meaqurement. '4
.

51--
.

Attenuation Measurement , _* 6

6. Smith Chkrt, 4:

.

t 20 .

A. ImpedanceAdmittance:
,

.8. 'Impedance Measurement

C. -?ilters
7;. Bolometer Mounts . 4
8. ?Cower Bridges 1

2

9. Crystal Detectors .2

10. _TransmissionLinss' 4
.

A. Mismatch Loss i

B. Maiimum Sower Transfer .!

. Directional Couplers . - 4
k .
.

60
y

.

TOTALHOIFRS 120
.

. . . .

. ,_ .
,

,

,
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a

e rob.

-11,

COURoUTINE,.

SECOR TZAR;- EIGHTU QUARTER

Task 23: Digital Ma'Aine Design ,

a.

Performance Objective:

,f4

ar.

Be able to apply Boolean Algebra Equation SimplifAcation.and Karnaagh '
. -

r,
,Mapping Techniques to. logic reduption of sequential state machines and
.

multistage-logic systems'inindustrial controllers. '1.1nOerstand Car and

.4A14 operation as well as micro-processorprganization-and be able to trouble-
i

shoot these:systems. .

-. .

...

Criterion-Referenced Measure:

Perform all,assighed laboratory
operation. Makea grade level of 75

'''/""r
I

experiments and obtain correct logic -

percent or higher on written examination

1
Desciiption:

-1,7:

- / .,

This course inliestigates-
.

advanced logic design and stabilization including

noise immunity calculations. Boolean Algebra equation sikilification and

Rarnaugh mapping ofseqUential state machines id,covered as Well as multistate.

industrial logic controller and computer CPU organization'and troubleshooting

techniques: Monolythic integrated circuit apdAOS.field effect tranigeor

circuitry design and repair techniques are discussed. . --...

$

t 44'4%

4

Performance Guidet. a"HEORY
.

c

I. Logic and Logie'Circhits
: lcumberSystets

B. Logic Symbology
,AdvancedEopysn'llgibia

D. 7:41c Circuif-Deiikh
E. Logic Circuits

II. Multivibrators
A: Relakation Oscillat4rS

1. Gas Wscharge
2. Astable i

B. Bistable MUltiiribraeors

C. Monostabl.eMUlti*ibratOts
D. Achmitt»,lragger circuit ',
-B. Blocking Osci11060'7.
Counters .

Aa .Binary :

flip

''. 2. Down Counters.

3. :Programmable Cdtpters.'

t ..1

.

.
`e.

. %

".. 90

,0-;;"-.'!

c
%. .. stii .

:.-
-.7 ".

A.

74/1.

4 V

SuggOtte,
Hours ' -

.

po

7

. ",

8:

_4: is
,14

.t
2,1 1.1.

,
.

f

," S./ .

I



.

B. Peri¢uAed Counters.'

It Register
. D. Ring Comters,

IV.. "Matrices - .1
Al- Decoding
.. Encoding

.d

V. Special CPrcuits and Devices -

A. Linear Operational Amplifiers

B. Pulse Amplifiers
1. Linear*Singil Ended,
2. Push-Pull

*C. Differential Amplifiers
D. CRT Deflection Amplifiers,,

E. 'Non-Linear Read-Write Amplifiers

F. Sawtooth Generator
G. Starcase Generator-44
H. Special Devices

VI. Integrated CirYuits.
A. Manufacturing Prot sses

B. .Linear

e. witching and G
D., IC Multivib:rat

E. MSI and LSI
3

-F. NOS integratted Circuits., 4.y 'S '

C 4
J.

LABORATORY

0 4
Advaneed Digiac. 3010 Experiments d

Use of Input Dial
11, -*put Display

' :.
1/4- 2. 'Metal to\Deciaa3. Counter' Using. Digplay *2

.. , 3. cqunters and.Timers-Csint W.spli# .
:

6

t ' 4. Writdmatic Itigit'ayArmadg:C4verters t 8

't ' 5. "Arithmetic Operation Ning Digiac. 3010 Display 6

,, 6. futro4uction -to, the pigilic:4050 -. ,

r , 6
A. Controls . .

\

.;,...
B.,. Add and Transfer

..

1

.. -.

- C. .Probjlem- Solution I.

7" .Nadine Pro' =lac . 4
,

%," s. gr ng .
,

. ..
_

A. .roblem Analysis :" I :

B. Flow ihi.arts . I .

8,. ' 'Diode Gatetli Logic Cifcuirl* .4

.- --"Abi. AND Ga,it 0
.% --"...t B. OR Gat'

. ..

C.-:.,Invertet .

D NAND GEciel .
E. :,,OR Gate - .

-..

4: : Direct -Cqupseci4iensist* I gic 2
' , A. NAN1:1Ci t

. --B. kitir '
' -4', .

\

4

8

10 ."

6

40

4

-\

.

I. --.* .
. .11 ''

e.?
-'" .i I

7
4 le . . 91

?:.7 .
. , %

.
/ \. 1.

.. t 4 0
. 71 S 10.

.A.% 0
t t t 0

'f, -; +:*.
.:

t \

r

r

ow



10. Flip-Flap and Clock 4

-II- Lamp Drivers and Power,Supply 4 2

12. Arithmetic Unit 6

A. Registers .

B. Counters N
C. Adders
D. Subtracters

11. Control Unit
A. Synchronization
B. Instruction Register
C. Sequence Counter
D. Phase Sequencer

Vt. Troubleshooting the Digiac 3050 20

Task 24: Communications II

Performance Objective:

Obtain a working knowledge of installation, maintenance, and. operatioii of
.

commercial broadcast transmitting and receiving equipment. Be able to apply

All regulatory rules and regulations for both ieihnician.and equipment.

80.

TOTAL HOURS J20

Criteriott -Referenced Measure:

Make a.grade leyel of 75 percent.or higher an theory and license examina-

tions. Perform the assigned laboratory experiments, -Obtain data proving

correct operation and write a technical reporton each. Studehtis-require4

to apply for the'CommunicationsCammission Second Class RadiarTeleihone.

License. .Z.._

Descript4on:

_Jo

_1--
, . .

. .

Material covered in this course gives the student a background in instal-

lation, maintenance, and operation.of caftmercial broadcast transmitting and

receiving equipment. Broadcast engineering level electronic proce6tes,,
communications electronics, and industrial electronics that emphasize communi-

cations theory are covered. The course covers all regulations and theop

necessary to obtain a First Class Radio-Telephone Federal Communications ..,.

..,
Commission License. Pre-requisite is Communications. 1.

't,.

Performance Guide:

I. Advanced Theory /
A. Lek-Circuits /,

. 1. Filters
2. Resonance
3. Matching Networks

THEORY

92 ,

101

S
-

,

--Suggested
Hours
12_

.

.

. 71 .

s

.

.



t .

erAtt\ .
i:- '!

8. Tubes.
1. Operating theory
2. Special l'StpeS

. Solid State .Devic&s.
T. Comple-% Circuits'i

If. Powe Supplinsar .
-'A. DC' to DC ' .

'` B. Htgh Power AC to DC
III. Measurement Devices
IV. Oscillators

A. Ty114 . -,

B. Maintenanee"'
V, Ampllfiers

-1...-. A. _Audj.o Frequency
, B.. -Radi.a. Frequency'
yI. -7.'eansmittets

A. A!:, . 3 Ft!
. - C. T.V.

VII, Antes : -

\ "?'' A: "Types .
,.

.;. ;, Is- - ,.
4, Cairs -,-,,

. C. Fiend Serength.i.
VIII. Frequency, Messuzemene

....-` IT.. S'atteries
"-- : .MoiOr Generator :sets. -

. xi. Dr6adcst.ST:.atiO'ns..-

Xt.1 : TeleVision''
\...XiI/. -License .Information

A. Second Clais *visedJ .
1 B. Elemeht 4 -

.
. k ,..

e

a-

3, O

.

2
8

2

t

8

t*
,

. .0

17

.

.

14OOREi.TORi '

1. Transierit Response of 'Tank Circuits ..,
4. 2. \, Self-Exciting Oscillator -: 1 - .4 S.. Basle Tyvesof Circuits - c ,-

4. 1Crysal:Controlltd OscillatorS '
5. Radio Frequency-Power,-AmiiiifiexP
6; V'requttnc9' Multnl

.,.pliers' .
. .

7. Amplittide Modulatjons
. 8. .i1ate Modulation of -Cla5s:Asaplifirers

.. . -
9;i- Single-ideband Stippressed, kairier -- ::! ,

-:10. ' 'Class B Modula.tot,ReIated`to.f.r:Ip'tuve ;:
11. Fi:equency`-Modu,lated Receivers -..2 ...._.' ''. a ,,

4 12. . Modulat.(oil Index; -Deviation,Ra4o;* and 118:acIvid't11 .

13. Al.ignIfleht Adjustmellts of '111.1teceivers. --; : .,:q--
14.. Reactance -Iube ModitlatOrs, : .,-- . ,

-15. Limiter andHDetector Cficiat:AnalysiS. .4 .. .% .1..-*1 ----

'lb. '.11iscilizthator andl.or Ratit: bettefor Adjuetmentt*:-. -' 'i.;
: -,

.
:

r.'

.
95

92

:

Ct

".

ti

2
2
2
2
2
2
2

2, 2
2

22
2
2 '



le

II n ,

_

}badio Fr.squency Vo tag Amplif

.i8. Trens4lapion Tines d 6:ate

Construction. ofAnt

20. Check.'SWIt and Adjus r Minlmt

,17

e

.

4'

,task 25: n Project.

it. ..- I ,
. e

Is_ 1 -","
rmance Objective: -

,i, .
. 1 .

,...

"
N . . . ,...

c 1.:.

Toexercise the manipu ive skills in the design, and constriiCtfon prec-

Atices area. Apply shdp cons ructibm4terbniques in electronic circuit and,-

machine detigm-
.

t.

s.

2'

'mai. Ems: .12°

.

A

Criterion- .Referenced Meure:
"-4

.

Build a working construct on project,to current industry stan ds wi

accompanying ins tional man* 1 and ScheMatic.diagrami:

-1

'--.:/' ."--- :...

wi.

Description: .

0

0,
e

,
This is,a labpratory course designed to exercise the Technical achieve-

ment of, the student in the area -of construction practice and skill All previous

electronics knowledge will by required to successfully complete this .course.

Each student is.interviewed, an area of student interest is detenained,'and
- -- - 4'1

.
an individual project-is assigned fir (original construction ofreconstruction)%

'''' ---.-

Emphasis is placed on-.quality of.work,both hardware,ang iepdrts, as well as

.
practices and safety rdguirements are.followed closely._

. .. .

...--
-%,

.
,... . ,

, .

e

Performance

I. Project Deflniti n .

A. Research .

B. Report-Evaluation.
II.- Prototype ''.

Randwired CnOitruction

B. Debugging
C. Redesigned

III., Final Production

-A. Frintad'eircuit TratTinga\

B. PC' Construction ,

l- Photo Work
Drilling ,and SizinsT

C. Parts Insertion

D. Final Test
1. % Evaluation

2. Redesige,.

,

;'
_

.

LAB.D.RATala'

94

103 41*.

Suggested
Hotirs

20

p

I

t
2

..

2'



4'

f

Erect Report
-A.. Proof Of Operaao nal 'Performance
B. Project Manual

SpecifiC;tions_
. 2. Opertiting-Instructions

3. Schematics
4.., .Parts Pladementa

a
5. Parts List

. 6: Cost of Project

,

7
.

4.1

4

t'

`

.

Yj 1.
.1,

F.

I,
4",t

N. -

.

.0

elk '

-.
-0

.4

-.,.-

,TOTAL HOURS 120

`a .

. .

.-"

"

.4

t-
-1

a -

.4,,

441
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. 15.:.
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4

..
,,iatiqciate Ilegree,.:Pro

- : , _
--,*

....-
e Introduction.

..,
...--"'-4- =

_ -.

); A ir .g gap has developed between the ftnittiona-bf the
..

hf-gli,Iy ea-
. . "!.

4'

.

4EpiNOLOGY

,proie ional engineer (or scientist) and thhig hl craftSpan.

catea,.

sy

technological developmpnt increases, the gap_ foranately;.-a o -*
. ti-. ., 1 . t -- *::./ - -, 4 ' , , . .._

, creasing. The engineering technician is klaying a ally.ipportant ole ia
1

..-'. i
. .

- bridging the comnainications, gap between tire tw&.' This pr l' entifY _. '"`"
-----. - : .1- .--,---;-- - . p,.. e.-

....:i
,- --.......,.

al

the engineering .technician, explain the 'present and itotential. neetia for thes-e
__- - -

occupations, describe the preparatorl. programs needed, for Ulla occupational
....,, ....-

cluster of joka, 'and present programs that age typical, for., this ic.ind of educe:
....... , .. , ., .. .

-4-

ttlain.
..t ,

.
. .. .

. .
..

.

.. -- . - .-'

.

The :American Society for Engineeting EducatiOn (ASEt) assigns the folli:443
. -.:.-definition to epgineeri nolo,gy; . .

aa:a., 74 ' -
Enineering Ted:ill:31,v is that part Sof the' enArte-eiing field

".;")

.
- ,

. ". - Which? -reqiii`rea the applicittion,of-acientific and engineeriag
41.; knowledge, A methods clittabineli with tediaciti IskiL11244 sup-

_ ; port' of engin ring activities; -it: lies-dit..the .occuRational
area between 'th anti.ctiA etigineag,- at. the ad: of
the,areli ':closest ;1:r:the englaiLiit.. 4

4:41 ; ' a4% '

174%

- .1

: t

At this point it would expedieiii.. Ito' ikentity. the, raemh'i-rs of tiie engineering
A 4

team, They are:

- Technical -Manager
-Scientist

:*Engineer
Technician

-Craftsman

4 .

; .: .%

Notice: that.the technician occupies the job clustex'aria-between'the enginter;
..t. -.*.

F , . A '
' ir "1 :-.%.

("an d gm 'craftsMan. '" .. -;
...

, :7 ' , : -.. . 4 .-

Technicians Ire divided- generaLty, i. n to, two a.tegoriest,.
-

,angineet ing
-

, 7.
) -

technician and industvistr techn;lciatt, The mai:\ .difterdice-betwien tliciai..So
.-,' - :

.

. . .

categories lies. in their educational, orientation'. "Th.* intpatrial technician
;- ,,. ... ..., .

has an educational backiroritnd that makes hlatItore ob-orienteU- pegson,
..

- -

.4

a

. .:.

.

4:

96 -

-105

10

a

.5a- f

r
41.

.

' ^

: -

a.



0.

,..----

1 _. .

,

i
.-

aneit is usually of narrower scope than the educatldnal background of the

'-

engineering technician. The industrial, technician will probably bavdhad

courses in machine shop, air conditioning, television, or.diesel engine main.-

:, 1 .., .

tenance or repair. The engineering technician is usually a field-oriented

1., person with an education of a broader scope'than the industrial technician.
,--..

. r
fie wilt halre7,soma:breadth in chemical, electrical, mechanical or construction

. 2............_-,- -----

technology. The education and training pf the engineering technician enables
1..

hiN to work more closely with the engineer. But both are able to relate.to
- -

,- he engineer and the skilled Craftsman.-

The need,for technicians, in industry are almost unlimited. The ideal.

t ,,,-

)

, -...

..;

.
..

situation with regard to manpower distribution is ten skilled craftsmen, five
0

. . ..
l.*

$

_I
W

,

' . ndustrial techniciata'and three edgineering,teehnicians for every,scientist
. _

_ -

. .

and engineer.
.

suchsuch.is not the ctse. In 19.60,the National Science Founda-

.. . ,.. . .: _. . . .
tion reportedthat 600,000 were employed in industry;

4.
which meant that-there

*. '..
. t.

...:were seven technicians employed to every ten engineers.. This falls terribly .

i '-

,bel 1.bedesired ratio, ,In order tof-4Uppl;. the needed Ul'ratkb,thk.Natiosal
,... --j ,,

... ,

.
. .

Ciente Founds on 'stated that nearly six milliOn iechnicianf would be needed.
-

-
. .

.. -, .- - *
- . ..

. . .

.- An.American 4ociety for Engineering; survey in 1965 Shows the ratio
s)

. ..... ,,,
.., .

.

, ...

, to.be mui6. lqwer thaurthiNational Science Touhdatio
..

n
.
figUres--42 tecbnicians. t

, . ..
'. ..

',
...,

to.\ eyery ipop englneers. In 1971 the Bgreau of Labor Statistics tested that-the
..;

.

,

ratio 4.-tenhnicie:.aate%scientiks and engideers is--projected to e 61_tecilni-
,... . , .1- ... .

.
. .

.,.... .0.
.

.- ciads to every-100 stv ci ,,entiats and

.

engineers through',1980. .A1t hough these
.- ..

0.,

..., ,. I.

different autveYelaY differ ion the exact figdies for describing 'tile shorftge ; .'," ..t ..2..., :

"4. .
.

...

,problem,.theysalltopC4 -tilat tl4re is a tremendpFs shortage of techni-
- ,...

. ..

J o" :.., . l'":: ''.. l 0 ,.. , . * .: .,
properly,

, claps., bus, tie employmeat,ppportunities for-edUcated andtfarrcen .

, ...\- .:.'.. m,',- - : ..

.:...-

; ....,.:;..,, .-:e.. .. -
, -1 r.. - . .... :, .. .

:-..t.
-...schnl.pians are tiellienddits:"./A .
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..,-.
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l' The,acadeatpreparation foi.the student desiring to enter a'post ..c.*1 .
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secondary prograilfor technicianeduction is very sithilar to Wit stUdent""
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desiring if college tc'-lucation. It.,;ili .deseEt Te..::11i tfie-...i;iudeat t& hive three
... ".+.7 ' - .;;;.. . ' . ;:- .

.. ,...../ e .:
. .

o
l a
f o n r l u t t a

1

_ o

t
g 1 y 3 h , - T

hei.mi.

ts l- i l.itati utica_ Aai isoex,p..el ient,
1., 4: &, 44

. preferaUltwo units of "algehra and.--onef-9L plauie geomatg.. k unit Iti. tritono-
,V r

'..metry woulk.alSo place the,- student at An advalitlge but is not mandatory._ The
.

4.

technical ,'elements 'of lalgebra,,.irigonometry and calculus are tau ti
.

viewpo

c The stu,de t_ is taugh

specialty.

s
.

qsod ate=degree pro

t and `not fro

4-.;

grams..., This math, however, i.s taught from an-.applications .:'*. / A
i..-

th viewpoint 9f ?roving mathematical theoriL andSams.

t hew to apply- his mathematical knowledge to. his techiticar

v

This covers the academic preparation for the aspiring technician,

but the main' qua l4.ty he should, possess is an overs.;helm.ing curiosiy- almut how ;..,
.

l-',--..,:
things work.., He is realty ?turned on" 'by, the why of observed

'-
mechanical_taectrial, mechanical or pneumatic. Mechanical aptadde and

t, N. 0.
4:' -,. 4/

4

-phenomena, be its,

/the abilityitcl

visualize .things,-(.and manual dexterity) are'also desirable traits.%§sddents

who possess these traits, coupled with a desire to learn (be it in theoretical
.....

- i .- I 3 . -

- lecture. -or a practical laboratory sitqatio.u).can pro,b' ably oVerc deficiene
...

.cies that may.- st in his previous.icademic preparatioti and go on to become an
... .. .

. 1,. f 4-'t , 4 .

lent,tec.haciah..- , , , -... :..... ' - -"'. .

. . . : ,,------- . i. .. .. ,,,--.

Ara. -The-inginee:11s. Council for Professional Development, .which is the yecognized.

-,, accrediting agency for technical_ institute curricula, has established the
'

following gUide-fot, curricular ,based on an average of 71Aemester hours for
'

.. - . .

completion:
,

%
' '... -'

. -4
technidal '§peeial:ty

..... "Mathematice, , ....-- .

. , . Science :-": , . -.
AUxiliarY Technical- Courses' I

. . Cenerlir Education: ',1

a.- 'q-,

. -

35 hours.
r 9 hours

. 5- hours

7 hours. :
,11 hours

19.0%
12.8%
.12.8%

15.5%:

'V
OW IV.' ; r.-- . . . i, ,

\ . Engineering technolugy . curricula, are post-secondary and are college-livel
' .

l''.....
leve).!

4........ ,.
1.

11._ prqrams. The extent of _the mathematics in,the cdrrictilum determines'
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. of_the prog;am. !,,Engineenjs Council for Profgesional.Deve pthent-accredit,
'

t4
, .

:schools cover llat.-levl algebra and trigonometry, dffmetry, i
. -.s.

l o co.__.
,,,

.., *, calculus Ana touchea elements of differeni141 equations and Other aspects of

.
. e...i.t, '...

. .

. h-Aher Mfhematics..Theciendescovered in, the,curriculum are physiCslf
. .

r 2= -

j,
17. 4

martial Spa iuieira2

- -
uded.ln th curriculuM

'
r-industrial orientation:,

. '

. .

ghee. ry and ski. of the engineering sciences. The hOn7technical' courses

1 5
4

r

.:.

ti kiitrodUElon has given the general idea and= definitions of the enginger-
d

. .1 .4 . .-
... 0 , .. . -.'

. ,..= '4.7* , ','" 'c. '1,-.., cs - % , = .
'j.ng:tettniciati. In stnilma:ty, stuaents WiO (14".34.0C havA an interest or aptitude for,

, . , _. ; . -- , .-

e ,omprehenaive theory and, aced mathematics or the professionally-oriented
,, . -

i -.... ' 1 , ,_- .
.

.

,. .s
programs in-engineering and science, a)pteeN2as an engineering technician can m

..-

. bit richly rewaiJding. They work as aides and ,assistants 6 engineers,_as.well as`
:.. ... - .. .

- c

... _supdrvisa,othei technicians and draftsmen. beirlducatibnai exierieace.is
. .

-
. ... , . ...

-. . 4

,. ifferent from that of the_edgiieer**.that the.tethnicianrs ed-ucational back-
-

-
,

_are technical writing,.spc al science, speech and
- i.

' y ,- . '. - ..,,.1...:-

. ,

ground is pore toward practical application as opposed to fheoileiical innovation.

,

The educational program is post-secondary, usualLy. two`yeari in Aellgth, and-
.- -.-'

awards the degree of Associate of Stience upon successful completion.
., .... _
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4.

Netuor14.nalysia

"c*Performance Objective:

The learner will be given certain design parameters, along with a desired
'responseo.Ehat applies to,a particulat circuit or system contained in any of

the unit topics describe-a-1n the performance guide. Using these parameters,

rthe learngr wills then design and fabricate a circuit or system that yields the

desired response in a laboratory situation.

in addition to the design and fabrication experience, the learner will be
given a faulty circuit or system and its associated symptoms. The learner will

then diagnose, troubleshoot and correct these faults, thereby restoring the .

circuit or system to proper operating condition.

.1

Criterion-Referenced-Measure:

-
At the completion ofthe.task,-the learner will be tested to ascertain

his achievement level, with the 80 percent level being considered as successful /__

This will ea written exam lasting rwohours.

Performance Guide:

I. Basic Electrical Theory
A. Atomic Structure
Bs' Conductors, Insulato and SeMiconductors

C. Static ChargeS;
1. Attraction Repulsion of Charges

2. Electrost is Fields

'D. Units of E cEiical Measurements

1. CouloM
2. -Ampere

3 -Volt
4. .Qhm

II. Basic Circuit Analysis
'A. Electrical Resistance
. 1.. Color Code

2. Types- and Uses

B. Ohm's.Law
_1. Current
2. Vol age
3. Resi ance
4. Condu ante

C. Resistive t. tworks

1. Series C cuits

2. Parallel. rcuit
3. Series-Para lel Circuits

D. Power
1. Form(das
.2. Applications to Resistive Circuits

THEORY

of 'Resistoys/

Suggested
Hours

3

1.4

rar
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4

E. DC Sources
1. Batteries
2. Generators and Other Soles

III.Iil. Network Theorems
A.' Kirchoff's Laws
B. Thevenln's and" Norton's Theorems

SUperposition Theorem
D. Delta-Wye Transformation
E. Maximum Power Transfer
F. Ideal Voltage and Current Sources

.IV. Electrakeignetism, Inductance and Capay.tance 6

A. _Permanent and Electromagnets
1. Domain Theory
2. Magnetic Fields
3. Hysteresis

B. Principles of Inductance
1. Basic Definition and Lents Law
2. Voltage-Current Rend. hip.

3. RL Time Constant and. Equations

4. Series and Parallel Inductance

5. Types and Measurement Of Inductance"

C. Capacitance
1. Basic Definition and Coulomb's Law

2. Voltage-Current Relationships

3. RC Time Constant and Equations
4. Series and Parallel Capacitance
5. Types and Measurement of Capacitance

V. Sinusoidal Waveforms
A. The Sine Wave

1. Generation
2. Induced Electromotive Force (III)

B. Sinusoidal Amplitude Displacement
1. Instanteneous Value.
2. Peak Value
3. Peak-to-Peak Value
4. .RMS Value. .

C. Sinusoidal Time Displacement
1. Freque y
2., Period

3. Phase R latlonships
VI. RLC Networks

A. Inductive Re stance
Capacitive Re ctance

C. Ve s and j-LOperators

D. Impedance
1. RL Series amid Parallel Circuits

2. RC Series a Parallel Cir6iits

3. RLC Series, an arallel Circuits
4. Conductan Sus eptance and Admittance__

5. Impedhnce Ne k eorems

4\

S..
1 9



VII. Resonant Circuits . 6

A. Series Resonance
.

,.

1. Circuit Q .
.

, 2. Resonant Rise of Voltage

3. Selectivity
.

B. Parallel Resonance
.

n C. Filter Networks
D Maximum Power Transfer

VIII. Trantformers .

3

N' t A. Transformer Basics
4

ft

1. Transformer Action and Ratios

\ / 2. Impedance Transformation .

3. Open and Short Circuit Tests
----,

B. Types of 'transformers
.

1. Auto Transformers .

2. Audio and*Power Transformers

Z. Tuned Transformers ,

IOTA". . 48

LABORATORY
.

, . .

Suggested

.

. -Hours .-

1. Resistor Color Code, Tolerance and Ohm's Law 4

1-
2. Series Circuits and Kirchoff's Law 4

.8

3. Parallel Circuits and KirchoffS Law ,-. . 8 ,

4. Series-Parallel Circuits 1.
8\

5. Maximum Powgi Transfer ,
4

6. Superposition, Theveninis and Norton's TheOremr . 13

7. Electromagnetism and Inductance Chgractetistics 2,,

8. kl. Time ,Constants
2" ---...

9. Electrostatics and Capacitance Characteristics 2

10. RC Time Constants .
. 2

11. AC Voltage and Phase Angle Measti ent with Oscilloscope .4

12. Series and Para lel RC Impedance -0 -2

13. Series and pare' el RI Impedance* 3 ' 2

14. Series-and Paral el Complex Impedance . 2

15. 'Series and Parall i Reso ce .
. *' '4'

' 16. Transformer Chata terigt s 2

'r.

x ,

1,11

S.

4'
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Task 2: Electronic Principles I

Performance Objective: ,

'

The learner will be given`ceriain desiknparameters, along with a desired
response, that applies to a particular circuit or system contained in an of .

the-tmit topics described in the performance guise. Using these parameters,,
the leai-ner will then design and fabricate a,circuit or system that yields
the desired response in a laboratory situation.

In addition to the design and fabrication experience, the learner will
be given .a faulty circuit or system and its associated symptoms. The learner
will then diagnose, troubleshoot and correct these faults, thereby restoring
the circuit or system to proper operating, condition.

,

Criterion - Referenced Measure:
.

At the completion of the task, the leafner will to tested to ascertain'
his achievement le' el, with.80.perceat level'being considered as succesifUl.
This gill be a written'eXam!Isting tvo'hours.

.

Performance Guide:_ THEORY

I. Semiconductor Physics. 7
A.. Classification of Matter

Codductbrs, Semiconductors,
4

and Insulators
C. Covalent-Bondingln $emiconductors

. Doping Techniques in Semiconductors
Temperature Effects on Semiconductors ,

.conductor Diodes

Depletion Region and Contact Pote'ntial.
B. For Ward and Reverse .bias

DiedCtiaractertstics
.

. D. Zener Diodes Characteristics
Reelators andApplications

III. B41. C. taraCteristree and Bias 'stability'.

err StruCture and Operatiod, "-
B. BiT Static characteristick ana.7heim4 Stability
C. The Co*i Emiiier Configuration
P. lrhe'eommoaliia ConligUretioli
E. The-CommOn Co/lector Configliration(Emittei Follower)
F. BJT Specifications andatitga .e

IV. JFET. Characteristics and Biasing fethniiies
A. JFET Characteristics and Parameters_
B. Aiasing.the JFES
.C. TheiCOmMoSource Configuration .01

D. The Common Gate COnfiguratipft ..* . ,

E.. The Common Drain Configuration' Source --,

F. MGSFET Cbirecterfstics grid Parameters
G,;. 'Biasing the MOSFET

, .

I

; 10-3

1%.

/

s

Suggested
Flours,

3.

'1

9 %

J
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-1;

. . .

j
...

.6 e" ....

...

V. VacuurTnbe Characteriatics . ,
.,

. ., . .

A. Vacuum Tube Construction and'Characteristica ...

B.
a Vacuum Tube Diodesyaiimeters,and APplications,

s. C.. Vacuum Tube Triodes; Par'ametprs.and Applitations-

D.' Vacuum Tube Pentodes,'Paranetirg and Afplicitioni

VI UJT's and Thyriitors ,-
,..

,

s 1., A. UJT Characteristics and ParaMsters , .

B. UJT'Circuit Operation - .. 0

.
C. SCR and TRIAD Characteilstics and Parameters

'. D. SCR and TRIAD Circuit Operation,
.

VII. OptoeleOtodnics
.,

'..

.

. 6/

A. The Nature of Light
..

B. Photoconductive andPhotavoltaic Cells

. C. Photodiodes and Phototransistors

D. LED's, Optocouplers and Optoisolatos
TOTAL. 48. -

-LABORATORY

.

1.
.2.

3.

4.

5.

6.
.

7.

8.

9.

10.

11.

12.

13.

.14.

15.

.. ,.
-

Semiconductor Diode Characteristics and Applications

Zener Diode Characteristics and Applicatifts '

BJT Characteristics . . . . t

BJT Biasing ConfiguratiOns and Thermal Characteiistics

.

.

s' 3
3.

3

4--

BJT Cfiaractiristic Curves and Graphical An4ysis ."
. .

JFET Characteristics
.-

.jFET Biasing Cbarateristics
MOSFET Characteristics
Vacuum Diode Characteristics and Applications
Vacuum Triode Characteristics and Applications

. .

OJT Characteristics andApplications 4:

Thyristor CharacterisficsedrApplications
Photovoltaic Cell Characteristics and Applications

LED and Phototransistor Characteristics and Applications

Optocoupler Characteristics and Applications

:-'

6

3

3

3.
3

3

23
3

3

i

3

I\

104

a.

11.

6
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Task 3: Electrdnic Principles

. 4 \ .
' Performance Objective:-

.. . \
\

.Tfi learner will be gfven certain de/gn krametiri along,ulth a desired
s

response that applies to a particular circuit on system contained in any of
the unit topics dedcrilied in the peeormance gu . rising these parameters,
the learne'r will then design-and fabricate a circ t or.system that yieldd
the 'desirdd response in a laboratory situation. .' '\

,

., . 61, ,' ...
...

In addition to the design and fabrication experivince, fhe*leariter will
be given a faufiy cirCuit or system acid its associated\symptqms.,' The learner
will the diagnose,. troubleshoot, and correct terse fauNts, tHeieby -restoring .
the circuit.or system to proper operating condition, ' .

. , . ..
. .

a ,'-- . 7

\

Criterion-Reference4 Measure:
(

a
.

. .

. \ sa....

'a

At the completion of tZe task, the learder wili be'tesed to. astertain.
his. achievement level with the 80 percent level being consid hd as successful. N .....

',This yill she a written exam iastinOvo hours. -
.

.
, ,.

4

Performance Guide: rawitY,

:\
.

Rectifiers and Filters.
.

A. Rectification Principles
B. half -"Wave Rectification-

C. FutlrWave Rsciilldatioro=
D. ;Filtering TeilniqUes
E. Simple Regulatqrgrcuits:

-

II. .ilasidtAmplifier-PrinAiples
. .

'4C.' -.differ Input ad Output Ports
catA,o Bitsics-.and Hybrdd Paremeters

C. e-Stage' .A1161ifier
4. ingle-StSie FET lifter /.

E. tysquency Response AnkiSis
III. Practical s,-.plifier Considerations

A. 'input and Output Impedance
B. Real and Apparent Gsin
C. Amplifier Loading
D. jrapeal'OtAttehing '

H. tisscadeC4tvlifiers
IV. Feedback Priigiples . --

A. General Feedback :Conc is
B. VOItage Feedback ifiers
C. Current Feedback Amplifieta
D. Feedback and Frequency RisVonse
E. Series:and Shunt Feedback-Amplifiers
F. Teadbackaa Distortion

V. Power Amplifiers .

A. Classification of` Power Amplifiers
B. Series-Fed 'class A Amplifiers

105

114
s)

Suggested.
Hours

44.
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C. Power-Consideratians
r

D. Computation-of-armoniclvistortion
E. Transformer- Coupled Sinile-Ended Class A Amplifiers

F. Transformer-Coupled Push -Pull Amplifiers

G. Complimentaty -Symmetry Amplifiers
Different41 and Qpetatitinal Amplifiers
A. Emitter Follower
'B. Differential'Amplifiers
C. Iltegrated Circuit DIFF AMPS
D. Operational Amplifiers,(OP -AMPS), .

E. Inkrerting and Non-Inverting OP-AMPS
F. Additional 0.2-AM Circuits

J
ATAL

'

.

1.

2.

3.

. 4.

5.

6.

LABORATORY

Reatification an Filtering Characteristics
Zener Diode and Series-Pass Regulators
BST Hybrid Parameteio
BJT Amplifier Characteristics
JFET Amplifier Characteristics
Amplifier FrequencyReslionie and Bode Plots-

'

'3

3

3

3

.3

Wj
ti

Amplifier Input '4nd Output Impedance .3

` 8," AM01.1.fier Loading and ImpaanceMatching
Cascade Amplifier Characteristics 3

10. Feedback CharaCteristics ' 3

'11. Voltage and Current Feedback ".Voltage

12. .Series.andShunt Feedback 3

13. Class A Power Amplifiers
14.. Class AB Power. Amplifiers

33.

15.. DiFferential Amplifier Chararteristics . 3

' '16. Basic OP-AMP Configurations 3 -

106"

115

t

ti

. .
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Task 4: Pdlse and Switching Circuits

:
. -

G? -_,-
. .

Per6xtance Objective:
-,..

. . s .

The learner will be given certain design parameters, alopg with a de9irg4 .

response, that applies to a particular circuit Or System contained in an of ,

the unit topics described iela the performance gdide. Using these parameters,
the learner will then design and fabricate a.circuit or.system that yie1j .

the desired response in a laboratory situatiot.

In addition .to the design and fabrication experience, the learqer'will
be given a faulty'circult or system and its associated symptoms. The"leariier _

will then dtagruise, troubleshoot and torreqt these'faults,: thereby restoging
the circuit'or system to'Rioper operating. condition. . *

....
% .

Criterion-Referenced Measure: : a
.

-,

At the 'completion of the task, the. learner will'be tested to ascertain 4is ..

achievement level, with the 80 percent level being considered ap_successful.
This will be a written exam lasting two hours. . - -

.

PerformancOFGuide:%

. .

ITLEARY .

.

.
Suoenpd

tiouf*,...,

6 -- ,--I. Complex Waveform Analysis

A. Rectangular Pulses
;. IdeL Rectangular Pulses
Z. Practieal_Rettangular Pulses
3. Periodi6 Puise Waveforhs
4. Trigger Pulse

B. Frequency Analysis .

1. Ptarmonic Content

% 2. Linear Networks
3. Aperib4ic Waveforms

Passive P.'vice Netwo'rks

A. RC Circuit .Basics
5xpgpa.fial Fore ind. Applications

87 .RC Response .to Various Inputs.
1,", Rectangular Pulae Input .. .

,.
2. Note-Ideal.lbput
3.

. .
.

Sweep, ItiO4k

- -i: Nattiral. and ForZed Response
'r.

'10:;* RICircuit Baiicd . . , .,
._

'- E. Exponential Form andAppliatiptis .
...

_ F. ALC Series and Patallel Circuits ,-

III;- Diode Switching Circuits

f t- It. Basic Diode Charatterittics .

-..-: .. .A1.. Basic Diode,Citpuits..

, C- Diode Clippef and Clamper Circuits.:.
'D.' Diode TradSient Characteristics

IV.. TrinsistorSwit6.hing Cfreuits
- A. Basic Transistof-Operation

B. Transistor Circuit Analysis
C. Bask Trannistor_Inverter 2,

.!:
D. LoadinirEffects and Transient Operation .%

s

.4
107

116
0/

9'
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V. Multivibrator Circuits
A.' Bistable Multivibrator

- 1. Basic Circuit OperatiOn

2. Triggering Techniques

3. Applications

B. Monostable Multimibrator

t 1. Basic,Circuit Operation

.2. Triggering Techniques

3._ Applications
,Astable MultivibrAor
: 1.r Bat CircditOperation

3.. Applications

' VI. ,Signal generating andtbmparato Circuits

, - A. Simi eeneratldg Circuitsji.
.e.

,i. SweepVoliege Generators '6.. .

'2.'"Soltd State Sweep Generator.
.

.5. Constant Current Sweep generator ..,r

4. RelaatioatIscillaior .

5. Staircase Generator 1

B. -Compnracir Circuits
1. Schatt Trigger'Circuit
2.... Schmitt Triggei,UTP and.LTP

" 3. Differentifl Amplifier Comparator .

VII.. :-Logic FamilxComperisons
. A... VarldUs Logic Families

... -

1. ATE
!. .. .2: V.:

..' TTL . '

4. CMOS /

'1 . 11.
Comparison of Characteristpcs

1. Norse Margin ".',,h,

r 2. 'Fan-,In and Fan-Out

3. Power Dissipation.

4. Swttchifig'Speed

"1.

s

:. .

LAEORATORY ..,.j
-., 1.' Rectangular Waveform Generation

2.- Rectangular Waveform Characteristics

3. Rt Circuit Resp*bse to XeCtangular ,

. ,4. RI. Cticuit. Response to Rectangular WatefOrms _2"

.
5. .:'

RLC'Cl.icuit4Zesponse to.Rectangular Waveforms,

6. Diode Capper 'sCiicu*ts and Applicatien

7:., 9dode damper gircuite-and Applications' (-

'8. Vansistoi Inverter Characteristics '-

--/'

-

9. Trans star InverteK-LOading Effects .

3-

10. Bis,pable
Circuiii and 'Applications

11. Monostable MultiVibrator Circuits and-Appilcatins

12. .Astab4 Multivibrator Circuits and Applications

13.4 'Conitant Current Sweep Geneiator

14. RelaxatiOn Oscillator

15. The `Schmitt

16. Characteristics tcf.i.ogic lies

108

'1I7
-

. ,

'4,

4-';- e

`.
! '

9

:

.4"

:de
.

F

.4:-

TOTAL'

1.

4

".
-

- .4%-.

.

3-

3

3

3-
3 .

3

3.

3

3

3

3

.

4

4
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Task 5:,--Dietal Principles

Performance.Objebkrive:

- % .

,..The learner will, be given certain de parameters along with a desired
respdnse that applies to*a particular circuit or system contained,in pa,of

,.

the unit topice described in the performance guide. Using these parametes,
,.

1

the learner Wilk then design and fabricate a circuit orsystem that yields .'
the desired response in a'lahoratory situatidn.

.

.. + .

It addition to the design and fabricationitparience, the learner will .

be'given i faulty circuit or system and its associated symptoms. -The.learnee,
will then diagnose, troubleshoot, and correct these faults, thereby restoring'

.'

the circuit or system to proper opetating condition.
. . . .

i -
k

'tCriterion-Referenced Measure:.
f-.--------.. . .

',. ,

-At the. completion of the task; --t-he learner will be tested to ascertain

his achievement level -with the 80 percent level being considered successful.
This.will be a written exam lasting two hours.

Performance Guide: THEORY
DIGITAL PRINCIPLES

Suggested
. .

Hours
I. Number. Systems' .6

/
A. Introduction to Number Sfstema

1. Decimal and Binary Syseems

* Binary Counting
' 3. Octar'Systems .

B. Ankihmetic Ptocasses
11 Binary Adilition, Subtraction, Multiplication and Division

Octal Addition., Subtraction, Multiplication and Diiision
:Hinary,:04tal and Deciffial Conversion

4. Negative Number Techniques
Numbat.tomplements
'BCD Number Representation,

71' II. ': Boolean Algebra and Reduction Techniques
Boolean Algeb'ia Basics

1. AND, OR, and INVERT:Functions ,

...
2 . Basintoleatt LalkE
'3: DeMprgan's Theorffs .:

'1'.' 3. Evaluation ofLogital Axpreasions -
-- 1.- Vroof liy Perfect ludution .

.

F.
..-

. 20 ,Boolean Algebra Redutt4on
.

t'
3. Sum-ofr.Products Techk

;

.

oues. . ..
.44

4.' Product-of,Sums'.Techniques'
,.

..- '':1'
'. ,S. Karnaugh Mapping Reduction

. .

C. Implementation of Logic Functitna
1. Application of DeMorgan's /beotem to Gating, e

'2. Interpreting lAgit Diagrarp
.3. Implementing Logic Eipressions ..

:

r 1

;;

(

/

k

rr.* --
\

'%f

.
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"r
III. Counters and Registers

110

9

A. Flip-Flops

1. RS Flip-Flop
2. RST Flip-Flop
3. Type D Flip-Flop

4. JK Flip-Flop

5

R. Counter Circuits
1. Asynchronous Binary and BCD Counters

2. Synchronous Binary and BCD Counters

3. Down Counters
4. Up-Down Counters

5 Shift Counters

C. Register Circuits

1. Farallel Registers--
2. Shift Registers

3. Left-Right Shift Registers

4. Recirculating Shift Registers
Encoders,Decoders and Code Converters

A. Encoding
B. Decoding A

1. BCD-to-Decimal Decoders
2.4Hexadecimal Decoders
3. Seven-Segment Decoders

C. Code Converters
D. Multiplexers, Gating, and Data Steering

V. Timing Techniques
A. Clock Cycles
B. Multiphase Clock Pulses

C. Timin in Electronic Calculators

D. Clock Cycle Modification

'E. Sequenci,pg OperatioUs

VI. Arithmetic Logic Techniques

A. Hali and Full Adders

B. Half and Full Subtracters

C. Set#1 and Parallel Adders
D. Logic Decisions

E. BCD Adders and Subtracters

VII.. Memory Systems
A. Magnetic Core Memories

B. Bipolar Memories
1. Bipolar RAM
2. Bipolar ROM

C. _MOS Memories
1. MOS 'RAM

2. MOS ROM
A. ROM-Applications,

1. Code Converters
2. Character Generat rs I

3. Look-Up Tables
4. Micro -Programa

!

116

d

.%.119:
,... .,1

.

,44
.

6

I

.

r.

Q.

TOtAL 8.
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A

.
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.
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LABORATtiBT

1:..-4Basic Logic Functions

2. Boolean 4Eabra and Sipplification of Dogic Expressions
DeMorgan's Theorems

4., Basic Flip-Flop Circu.jtry

5. BitiaFy Counters: Asynchronous and Synchronous

'6.- Divide-by-N Cnun4rs: Asynchronous and'Synchronous

7. Decoders and Indicator Systems

8. Shift Registers and Ring Counter

9. ' l'Aquency Counter Design Project

10. Exclusive OR Gate
11. Adders and Subtracters
12. 'A.L.U, Techniques and Applications
13,E Semiconductor;Memory Systems
14. MempEy'System Design Piqject%:

-,r

:

e.

r.

At

;

4

.0

1,

e.

S.

4.4.

t . .
;

. Suggested
Hours

3

3

3

3

, "3'

:3

3

6

-.1
,

7

ek.

Y

. .
e



4,

. Task 6:' 'Communication Systems i

Performance Objective:

,...

The learner will be given certain design parameters, a]ong with a desired .

-. '. . "responstthat applies to a Pirticular,ircuit or system contained in ESE Of .'

. the unit topics described in the performance guide.:.Usingithese parameters,

.
the learner will 'then design and fabricate a circuitor skitem that yields

._. the'desired response in a laboratory situation. ....i

-. , -
. .

' .

I n'addltion Pi the design and fabrication expeftency.., the learner-will be

. 'given a faulty circuit or system and its associated'apiptoms.' The learner

will then diagnose, troubleshoot, en4 correct these faults, thereby restoring

the circuit or system to proper 'operating condition,.

a

.

Criterion - Reference Measure:..

. At the coMplettgrof the-task, phe learner
his achievement level with the 80 percent level

This °will be a Written exam lasting two hours..

Performance Guide:'
4

I. 'Reltiew.of Resonant Circuits-

A. Series-Tuned Circuits
1. Q-Rise in Voltige'

Frequency Effects

.3. ,Circuit Resistance Effects

. ' 4. Sharpness of Resonance

B.'..Tank Circuits
,Resonant Relations

2., Parallel Circuit Impedarice

3. Circulating Curre4
Frequeimy and Series' Resistance Effects

S. Gain atid Bandwidth

Circuit 0ouplin4
A. Types of Coupling

1. RC Coupling

-:2. Tipedance and Transformer' Coupling

'Direet Coupling
Filter Circuits,
'iow.:-Pass Filters

2. High-Pass Filters

,a
3. Band -Pass Filters

4: .Band-Rejecr Filters,
"e-5. Land Pi-Type Filters

C. Impedance Matching
1. Direct-Coupled Matching

.2. Inductive-Coupled Loads

3:' Pi Neiwork"Impeda ce Matching

.

t,

will.be, Nested to ascertain

being considered successful.

THEORY ---
.$

12

Suggested

'Hours
'6

0 ),

....

3

,,

J

N
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..,

.;
.

RF Valrage Amplifiers
n

A. 44dance-Cdupled 1tF Applitieri
1. -Gain and Bandwidth
2, Multi -Stage Response and Stagger:Ft:ming
3. Shielding .

B. Single-Tuned, TrinsforMer7CnupledAmps
.

. 1. Gain
'2. "Bandwidth

C. Dauble-Tuned, Trabsformer-Coupled Amps
1: Gain ,' , -4

2._ 'Bandwidth

D. High Frequency Circuits
-GrOunded-Grid -AmptifiersL

2u Cathode - Coupled Amplifiers

46 S. CAscade Amplifiers
E. Transistor RF Amps *:

1. 'Coupling Methods.
Reuttalization

'IV. RF PowerptiMplifieet

A. Class C Amplifiers

1. VolZage andCdriant Relationships'
2. Definition'of--Terms
3. Grid Bias Circuits
4. Tank Circuit Considerations
5. .CoupIing Methods '%

B. Neutialization
'1. Neutralizing' Circuits

2: Neutralizing Techniques
3: Paz sitic Oscillations
4. Tuning Adjustment
5. Frequency Multipliers

C. ,Class B Lineu Amplifiers
D. Transistor and RF Power Amplifiers

1. Bias Voltages
2. ,Neutralization
3. .Typical Circuits
,4. Varacior MUItipliers

V. Id' Oscillators

'A, Oscillation Principles
B. Basic Ostillator Cisicuits'

1. Armstrong Oscillator //

2. Hariley'Ostilletor
3. Colpitts Oscillator r4

4. Ultra-audiOn Oscillator
5. Class Oscillator
6. TPTG Oscillator
7. Grid-Leak Bias

Shunt -Fed and Series -Fed Circuits
C. tal,Oscillarors

Crystal Cuts,

Temperature Effects
J. "Electrical Character,istice

7 4. Typical Circuits .

.

ti

113

122

e''

\

.I

9

9

_ I
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.)*

VI AM,Transmitters
.

6

A. ' Princip f Amplitude Modulation

1. E erects o Modulating Signal

2. Percen -1dodulat

3. ,Frequency Camponents

4. Vector DistAbuti3R--and Side

\5. Power Distfibution in the AM Wave

B. Mate Modulation
1. is Principles

2. Reis Modulator

3. Typical to Modulation Circuits

, C. 'Other Modulator suite .,

1. Grid Bias Modulation "s"--
.

.

2. Cathode Modulation

D. Amplitude Demodulation ,

1. Demodulation Principles
i

2. Diode.Detectors

3. Additional AM Detectors 1

E. AM Receivers;
+

1. Receive Comparison Factors
t

\,\2. TBF Rec ivers

3. Superhe erodyne Receivers

t

. \
4., Receiver Alignment Techniques

VII. Frequency Modulation Principles .

6
1 ''

"
A. FM Basics

1 1
1. Modulation Level

2 2. FM Waveform Components
.

3. FM Waveform? Power Relations
4

4. FkBanlaidth Requirements 11
. .;5. Indirect FM Via Phase Shifting

li

16
. Interference Suppression

ff

iFM Reception

ri

11. Diner Classifications

2. 'RF Amplifiers

3, Frequency Conversion

4 Additional Receiver Circuits

C. 1

Alignment Techniques
7; Alignment

2. Sweep Frequency IF Alignment

.
3. Ratio Detector and Discriminator Alignment

4. Front End Alignment
..

D. FM Transmitters
1., Direa FM Transmitters

.," ,---,i - 2. Frequency Modulation Via Phase Modulation
# ',
\ w 3. Armstfons,m System
\-_,) 9

..... r ` ..., 4 ... 30
. 1,

.
' 4. Balancer a-MOdUlators ": .

.,

.' :\ .....-

:
48

.

LABORATORY

L.

.
Parallel and Series-Resonant Circuits

2. ',Low-Pass and Higb4ass 1.-Ssmtpn Filters

3. ,Ctamon sitter Tuned RI. AlTlifier"

4, Common Base Tuned RF

5. LC Carron Bast Oscillator a

414,

I
12.3

+MC

3
.3
3

3

3

..t



. ,

6. Class C RF FoWer Amplifier 3
7. Linear RF Ppwer Amplifier 3
8, Common Emitter RF Mixer 3
9. 'Common Emitter IF Amplifier 3

10. AmplitudeModulation Characteristics 3
11. AM Diode DetectOrd 3
12. Frequency Modulation Characteristics 3 1

13. Direct FM godulgtion 3
'14.

15.

Indirect FM (Phase Shift) Modulation
Single Sideban& Techniques

3

1 -
16. Multiplexing Techniques 3

.



k communig4ion Systems II 4.
-

i,4".erformance Ajeirive: .f.. - .,
, -

, . '`'.
.

,.. ,..- . - -
,' ..-.-

A. The learner st-L1:, be given ser.tain -design TaLrremette s along with a desired
*; response ,ghat applies to a-fCart'icUlar -Circuit or syseev; nontfined.. in any of t

-.. the', unit .topics described in the performance. gui..4*.f. 1;11si'ng these parameters,
the learner vi.,11 then depign'and fabricate. a 'circuit A" system that 71,elais .
the deriited response ft a' lat:oratorss"SituaLiion --fee A"' . - -, ...P"_ 4091 .

.

- C.

...
dIn.additiod to the Kleiistn and 44.b.rication szperience, ttg -learmg w1.112-' -'

- be given a faulty f,Irctii.t or szsterS aneits The learner. '.
. will then dl.a-gnose, troublz.,egpseet, and correctexbes ,fagts," AterebT ti,storlbe .' -A-,

tties circuit Err, sys teal. -4---koper operating-contiitactS. '
V I . ,...

. 1

Criterion-r-Reference Measure:
..../. 2

. . c.. tie' . At te'completion ol :the _task,. ttte leargii
tlis achi,evement level with. tbe...4 0 girceiit 'level

,Tbis..w.4.1 be e'written.:-examq.asfin4 two hours. ,.'

r-- s -.I.

A.

eested,...t0
being, considered succestSfur.'

r4
_, +. 4 - '. ' .' ! . , . .... ..)' ..,,,.

1.. Ilf
4P

PerforeinA sgbide-:' .
. ,--,

. .
. e

ti

tr.EORY - ...V . -
4

5*

.Tr.ans-mission 4.14nes
A. Basic Priaciple,s1 . '''' *

1,:.1i-undamentals1 '
2 . Characieqstic .1Mplzdance

,

Loss_es 4, '4 .7ik-1- \-; "

Standing We%'es . . ..
5. Quartet and ''Halt.ilayslength Lines_
1Y. llea&- /lats..' -:. ..'- .^.1'-;-'s ''. .--

. ,
.A--, JA -' .- :'

`-it`-;-- 1. ,' , . -

..,...:Zmgg.Ltsted
Hours'

6

-;:-4,

17.1 4

,:r
*.

I.,

.$

:,
;.

A =

,A. .
-, . 1. F4ndamen.taks --.:

..
. . .. .

' . 1: .;,2:., .tisb.lem Solution '.;.-: -,,i,,..'- .-.
Ci: .;.e..ompoinsents-"4- i

....: -.14 Double itkg v.::: ..-i Dir .etionai Couplers ..

- 3 ULIIIIS - r '''. ' ' 1.. .4* ;
4

Sratteci tifle '- .' tII. %Radi.sti and Wave Propagation:
A. "^-Blec rmagnetieRailiattbny,- . -..; , 11.

-1. Undamentata ' ', 1, ,i,, .A-..- '
: . .

2. ffects of the Environment
B. Prop gatlirn iiiUvez.e. .-

1. - round Waves . -- . , ...-."' '
. --. :,* ,

2. Sk;teikves 2., ....

__

-

'A

3. Waxes - t.
- Tropospheric' Stetter

-5. ,Extomrres,s.rial Co=lunicaiiona

"es
.1,

no.--

.4
..."4

'

1:75 :Ati- re,

;A

71. .,
as.

,.
-!.

-

4 $

.
'r

t-

-.it::

' . .j

-

AO,
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C-, . 1,

,,-

,

a

. 'Basic Considerations
3

2. Elementiei Doublet
B. Wire Radiators

--etiiralt-atet Wiltage Dibtrbutionm

.2. ResOnant Antennas
3.. Nonresonant'Antenhat-

C. Tires abd,Defilaitions

1. Gain -

.\ t.Resistance.. ,...

3. bandiaath:leamwidth,,amd- Polarization

D-.- effects of Gtound'on Antennas
:-1.-' Vast ciunded--Antena-g',..!.. . .

. Grounded Antennas
..:'..- ..-N-S.: ,EfectstoT Antenna Height -

.
.

E. Antenna Coupling at MediUM.Trezuenctes
-1. .Selection of Feed Point

. ....

. . 0,.

2. Couplers :', ' - i, , .

. eDired,tional.High-Frequency Antennas ,- JP

,1. "Dipoler.Array#- : 41...
%

,. Folded Dipole . ' a.
, ..

i

C. Microwave-AAtennas -`.-:
:,
, . --.

A- 1. Antennas with Parabolic Reflect re
.2:,.g..- ,

2,. Nora -Antennas : 1

H. Wideband and Special Purpose Anteiinas
::.Lens-11;nteilltas ,s!..' .' ,, .

?
' 1. -folded Dipole - ,. _,

2. Heli'cal --

3. Discone t--

.

.7-- 4. Log - Periodic A.-

*- -1.- '1,45op L

.4.- . , .

. - . ,

, 1y. Waveaurdes, Resonators, and Components
,--

_7.- --4- -A; ,Rectangular Waveguldes :-

:. 1. Reflection erVaves from a CbtlaCting Plane
i 2. The Parallel-Plane Waveguide '

.-

:.
4 1 k

' 3. Rectangular Waveguides
'B. -Circular and asher:Waveguides

,

1% Circular Wayeguides

!
* .

1., . ..02. Other -Types ofWayquides
C' 14aye&IW4146.Q101i1g.Zitat&hing; an Attenuatibn

1. MeehOda of t.eitiag WEiveguldeb". '

1.

......

'-'.
2: iikweguide, Joints

='...-

. .3.'.21as4,c Accessories

4-., Fatiple Junctions
5., IMPedanqte. Matching and,Tunitict,

D.' Cavity.ResoVIttits- -
,

E. Auxiliary Components ----
.. il... NrFirettt,o,ktal CouPlers. '1*---

.

. .'2. isolatori'age CirCulitors
-3., Hixat,s, Detectors,, and Detector HountAN-' .%

., .

ii. Switc-hes '' r, '---'
. :.1-. T. . .

. h \

7'

g

C.

.".0.:

-:r

sq"."'

,. eft..



AL,

-V.i Miclowave Tnbei and Circuits- 4

A. ,Microwave Triodes ;' ,

1. High-Frequency Limitations of Vacuum Tubes

2. UHF Triodes and Circuits '

- _

B.
,._

MulticaVity Klystron :

C. Reflex Klystron . .-

D. devity Magnetron
E. Traveling-Wave Tube-(

VI: Semiconductor Microwave Devices
'

6. .

A. Traneistors
-I' .

.

...1., High-Prequenc'y Limitations

2. UHF and Microwave.Transiitbrs

B. Varactors aid Multipliers
1. Varactor Diodes i

2. Varactor Multipliers

Cd Parametric Amplifiers
D. Tunnel Diodes

1. Oscillators
2. Amplifiers

E. Bulk Effects
1. Gunn Effect and Diodes
2. LSA Mode and piodes a

F.' OtherMicrowave4Aodes
1. IMPATT Diodes
2. PIN Diodes' ,

G. Stimulated-Emission Devices

.1. Maser
2. Laser

$

VII. MicrowaveMeasurements
. - 6

A. Meas@ment of Powtr and Attenuation
1. Low Powers

2. Mediamand_High Powers
' '3. Attenuation

i

B., Frequency and Wavelength Measurements
1. Fiequency
2. Wavelength -.

C. Measurement of tmliedince and Matching

1. SWR

2. Impedance
Jp. Reflectionary ind Sweep Techniques

. 14..aeffectioft-Coefficient and Return, .Loss
.

. .-. 2, Reflectn4leter Sweep Techniques

3. Time-Domaia,Reflecibmetry
,

',1E- Measurement Of :Component ChardCZetistiis
7.:

1,. -F'.4"rite -C*onenta .

1:e Direction.Couplers-- '.

-...,

.

c
3. Antenna Measurements s

. 4',,. Measuresear of Q 4q0, ?base Shift

ViIIA, Radar SysenMs ' "' ,, ,

'..'

6_...

r

A. Basic. PrincipleR .

B. Poised Sys tens _.

17. :!: ,
. ,

..
N,

. ...., _ 1.. Basic Tulsed:Rspar System ,.

I '

2. Antennas 'Anil Scanmitag
, '

$ '

3. Display fiethods
.

. , 4.. Pulsed Radar 't.steps. .

% I.
5. Moving Target Indkations (MTI) .

-
Y. ,

010

6. Radii Bdacons
,

.
118

.
Ar



A

C. CW Systems'
Doppler Radar

a
2. Frequency-Modulated CW Radar

'TOTAL

S

LABQRATORY

48

1. Transmission Line Characteristics 3

2. TransmisdionlLine SWR Measurements '6

3. ReflEx KlYstron Characteristics 3

4. Smith Chart Applications 6

5. .Microwave Power Measurement 3

6. _Microwave Frequency Measurements 3

7. Microwaves inr"Free Spade. 3"
8.' Basic Antenna Characteristics- 3

9. Yagi Antenna Characteristics 3

10. LPDA Atitennd Characteristics' 9

'11. RrPropagation Characteristics 3

12. US Frequendy-,Speqtrum.A4ocations 3

t

:

0 119

SP

128

b

: _



Task 8: Industrial Electronics

Performance Objective:

, _------

The learner will be given certain design parameters along with a desired

response that applies to a particular circuit or system contained in,a112 of

the unit topics described in the performance guide. Using these parameters;

the learner will then design and fabricate a circuit or system that yields,

the desired response in a laboratory situation.

In addition to the design and fabrication experience, the learner will

be given a faulty cikuit or system and its associated symptoms. The learner

will then diagnose, troubleshoot and correct these faults, thereby restoring

the circuit or system to proper operating condition. :

Criterion-Referenced Measure:

At the completion of the task, the learner.will be tested to.aftertain

his achievement level-with the 80 percent level being considered successful.

This will be a written exam lasting two hours.

Performance Guide: THEORY

I. DC Power Supplies
A. Rectification Circuits

.1. Single Phase Half-Wave Rectification

2. Single Phase Full-Wave Rectification

3. Three Phase Rectification
4. .Six Phase Star Rectifier

B. Filtering and Regulation

1. Basic Filtering Systems

2. Regulation Principles

3. Protection Circuitry

II. 'PON Control Circuits
A. SCR Circuits

1. Blocking and Triggering

2. Turn-On and Turn-Off of SCR's

3. Power Control Applications

4. Protection Circuits

B. TRIAC Circuits
1: Blocking and Triggering
2. Turn-On.and Turn-Off'

3. Power Control Applications
4. Protection Circuits

C. Triggering Circuits for Thyristers

1. UST and PUT Relaxation Oscillators

2. DIAC Triggering Characteristics

III. Phase Shift Controls
A. Passive Phase-Shifting Cirduits

1. 90 Degree Phase-Shift Control

2. 180 Degree Phase-Shift Control

s:1 3. Phase Shift Coitrol Design

120

129t"

.

Suggested
Hours

4

6

6



4

-

ma
qr.

4

B. 4tiVe Phase-ShiftingCi icuits'
1. Relat6tion Oscillator Design,
2. DIA-C Fhase-Shift Deiign

IV. Electronic)ControI of Motors
A. -Electric.Motor characteristics

1. Split-Ph.ase'Induction Motbrs

2. Capacitor and Shaded-Pole Motors '

3. Uniiersal, Polyphase ,bloductionlnd Synchronous Motbrs
4, Series-and Shunt Wound DC Motors

.5. Digital Stepper Motor
B. Fractional Horsepower AC Motor ConprOl

1: High Torque Speed Characteristics
2. TRIAC Control

C. Adjustable Speed DC Motor Control
1. Fractional Horsepower Speed-Controls
2. DC Shunt-Motor Control

V. ' Timing and Active Time Delays:

A. Analog Time Delay Systems
B. Digital Time Delay Systems
C. Timing Sources

1. Schmitt Trigg
2., Astable Multivibrator
3. IC Timers (555 and 4121)

VI. TranSistorized Industrial Control Relays.

A. Solid State Photoelectric Control
1. Photoresistance Cell Control CirCuita
2. Phototralasistor and Diode Control Circuits

B. LED Photoelectric Contiol
1. LED Control Circuits

Optocoupler and Isolator Circuits
VII. Digital Sequence Control

A.' Relay Ladder Diagram
B. Design of Sequencing Systems

1. ,"Common Sense" Approach
2. Sequence Chart

C. Solid-State Logic Sequencing Systems
I, GE Transistorized Static Control
.2. DEC's K-Series Logic

D. The Programmable Controller

p

LABORATORY

1. Electronic Regulator'and Protection Circuits

2. Three-Phase Rectifier Circuits

3. Phase-ShiftControl of SCR and TRIAC
4. Relaxation Oscillators for Triggering Thyristors
5. DiAb Triggering ofwthiritors
6. RL Phase-Shifting Circuits
7. RC Phase-Shifting Circuits
8. DC Shunt Motor Operation
9. SCR Automatic Motor Speed Control

10. Commercial Transistor Motor Control

121

130

6

4

4

6

TOTAL 36

3

3

3

.3

3
3

3

3

3

3



ii. UST-Contrt43ed SCR Tine-Delay Circuits

12. Integrated Circuit Time -Delay Relay

13. TransistarTime-Delay Relay

14. .Photoelectric Control Circuit Design.

15. Relay 'Ladder Control Circuit Design

16. Digital Sequeike antrol AeSign

4 .5

V.

. 3 .<

3

3

3

.

0

0

)*

. 122

131
W"

105

z.

4

.



-Task 9: Instrumentation and Meastiremeats

. Performance Objective:

I

.The learner will be given ortaim design parameters along with a desired
response tbitappliest0 a particular circuit or system contained'inanz of
the uniti.topics described in the performanoe guide. Usin4 these parameters,
the learner will.then desjgn.and fabricate a circuitor system that yields the
desired response in a laboratory situation. ilo .

ft

in addition to the design-and fabiication'eXperlence, the learner will be
' given_i faulty circuit or Sfttem addAts associated symptom. The learner will
.then diagnose, tro& eshootand correct these faults, thereby restoring the .

. ,

circuit. dr system to proper operating condition.

:
Criteriop-Referenced Measure:

At the completion of the task, the-learner will be tested to ascertain is
achievement level with the 80 percent level being considered successful. This

will be a written exam listing twohoursk

Performance. Guide: THEORY

. .. .-,,'
I. ,Basic MeasuringInstrudent .

'A. Probability and Error Analysis

' 1. :Error Analysis -, ..

...

' 2. Statistical Analysis . - = ..

, "
, 'B:. Passive Ammeters, Voltmeters and Ohmmeters 11'

1'. Atimeter Shunting Techniques
,

2, Voltmeter Multiplierechnigfes
. 3. 0htideter Circuitry-.

, ..C. 'AC VOltmetefs .
.

1,3 Iron-Vate Voltmeters
-

2. Elecil'Odosmoeter Voltmeters '-.:
.

3'. Recafietz-Type,"tiC Voltmeters . ' ,

I. Electronic Instruments for Electrical Parameter Measurements
A. Vacuum-Tube Voltmeters (Atalog)

..- 1. Ds and AC'Voltmeters . s

..' 2. Balanced-Brid ge Voltmetei
.4 ;

B. Transisorized Voltmeters

Ls'

ti

4`

Soogest01:;*
Boers

1.' Ttansistor Bridge Circuits .

- 2. ,FET Bridge Voltmeters .

C. Oigiisi-Voltipaters ' .

.4 -' '1. Raitp -TypeDVM . e. ,..-

.-

2. ;Integrating -Type.DVM
.

4 : III., PotettiOmet.er Circuitry and Applications t_ ...

e ,- .

A. Potentiometer Basics and%Multiratige Potentiometers

B. The Voltbox

4

123

132
\ ::-.

1

-

e



rV

# A

.

' - C. Calibration of Voltmeters and Ammeters
D. Self- Bdancing Potentiometer

. - . T . Biidge-Type Instruments
A. Resistance Bridges , .

..
'1. Bridge Balance Requirements

, 2. The Wheatstone Bridge. 41,... .
3. Bridge7-Type. Indicating InsInstruments

s .

B. Capacitance Bridges , .

1. Basic Capacitance Bridge
2. *Schering Bridge . -,,,,,....

3: PoWeTctor Measurements
C. Induct.aic Bridge's',.. Review of InducfOr Characteristics',

2. Maxwell and Hay BridgeS

. 3. .The' Owen: Bridge

Impedance Bridges s

3. Basic Impedance Bridge

2. Capacitance and Inductance Measu ring. Funttions -

3.' Principle's of the Q-Meter

Electronic Display-Instruments -/
A. Basic Oscilloscope Circuitry

41. Cathode Ray Tube Characteristics
2. Basic CraiZnioseope Operation ,

13' General Purpo'se.Oscillos,copes
I 1 Time Base OpeEation

2. vz-r.tjgar.and Horizonta,1 Amplifiers -
C. Triggered-Sweep Oscillogcopet.''

Circuit Operation 1

2. Calibrator Sectfot
3. Probes for Oscilloscopes.

, .

VI. Signal -Generators and.Wavefi;im Arraly'iers.

^A,. Oscillators .

B. Signal Generators:'
Functl'an ,Generators

' D. Wave Analyzers
DistoitioU Analyzers -

Vii, ErequencSi and Tim'e° Measuring Irrat

A. The Deca.douniing :Unit
3. The Control (rate - .

.,

.

......

C.' The Time BagS 'and AssociOred Circ uitry -",'

D; . Frequenc5-and-Perkd'. asuremeuts

VIII.. Transducers in Ipst-rume S stems , **

A. Classif cgtion of Trans ucers
. ,., ' , .' 5

B. Transd' ce Selection . . .,- ... ? . --, - . r
C. Diaplcement,r Temperature, antf.Optoe,e trouic Transducers ' '

;,....,

. 7 AL Magnitic fteasurement.s... .4. 1, . .:. : : t'.- -. T... ..;

.IX. Data Cojaiversion and AcqUteition.SyteMit , : t

I . ;
. :I. 3

A. .IastrumeUtition SySX-ems . / :_ <
. .: ,.,

.

...._&''.,Magneeic ''Tape RectWera'.; ' - --
:. ,. .

C../ -D/Aind4A/D Converters .
. ,,,

. D': Mqltiplexiti,g Sys tems ,.- ''.
.. , .. .. .

, , . -.

332



j. --;

J.
2.

3.

4.

5.

LABORATORY 4

Statistical Analysis
''meter and Voltmeter Circuitry
Ohmmeter Circuitry
Rectifier-Type AC Voltmeter Design ,
Transistor,Bridge,Voltmeter, , '

Basic Digital Voltmeter '

uggested
Hours

3

- 3 .

'3

3

3

7. gotenticOter Calibration,TechniAues 3
8. .'Wheatstane Bridge Design . 3

9. Capacitance and.Inductance.Comfmrison'Bridges 3

10. es.of.the,P -Meter 3, .

11. U 'and Applicatipm of Laboratory Oscilloscopes 3

12. . De ign and Calibrationof Oscilloscope Ilsobes 3

13. Us s of WaveformtGeperaiors and Analykers' 3

.14. Us s and Applitationa of 'Frequency Counters.' 3
15. Tr ducer Syste9s in Industry 3

16. .A/ and D/A Converters 3

-

I

`S

.

125

134
4



/
Task 10: Electronic Design

( .

Performance Objective:

1
The learner will be given certain design parameters along with a desired

response that applies to a particular circuit or system ostailled in any. of
the unit topics described in the performance guide. Using these parameters,
the learner will.,then design and fabricate a circuit or system that yields. the
desired response in a laboratOri, situation.

In addition to the design and fabrication experience, the learner will be
given a fahlty,c1rcuitor system and its associated symptoms. The learner will
,then diagnose,\troubleshgot and correct these faults, thereby restoring the
circuit or system to proper7tspereting _condition.

-s

Criterion-Referenced Measure:

At the completion ofthe task, the learner will be tested to ascertain
his achievement level With tie 80 percent level being- considered successful-.

This will be a written exam lasting two.hours.

Performance Guide: THEORY

Student-Advisor Conferences
The student will-havecontinual conferences with his project
advisor, throughout the-duration of the project. The problems
encountered by the student will be discussed with the advisor
who will in turn make suggestions and rec endatiOns 6 the
student, concerning his project.
Design-Phase
A. Design Objective-L-Determinedby'mut :1 agreement between

the student
B. Research,of
C. Preliminary
D. Preliminary
E. Circuit Modifications
Product Fabrication Phase

and the project, advisor
Literature
Circuit Design-
Circuit Breadboarding and Testing IN

The student assembles the final product in the appropriate
package; using modern, up-to-date fabrication end assembly '

techniques.'

6. Product Testing Phase
The student will now test the final.product to make'sure it

s meets the,approprdate design parameters. Next, the project.
.adllisor tests the final uoduct and gives his approval.
Final Report ,

The final report follows the guidelines Set up4or writing

a thesis. outline the design, development., materials'
used, fabrication techniques, testing procedures, conclusions
and tecommendations regarding the produ . The report is
diagraillmailcally and graphically ill trated. Photographs of

the product are'als0 included.

v.

.y

.. 126

.) 135,

+

Suggested
Hours
'36

'16

16

10

6



r

S .

Auxiliar :sk 1: Drafting forElecironics

Performance uide:

THEORY

I: Fundameita1s
A. 1:3ec anical Drawing Equipment

Use and Care
'2; Electronic Symbol Templates.
'3. 1phabet of L nes

B. She t Layouts
1. ' apers, Sizes-and Border'Lines
2. ameplate,', Bl cks an

3. entering and ocedure
C. Lett ring

1, ypes
2. eehand Techniques

Use of Lettering Templates,
. E/ementary Geometrical Construed

II. Sketching and Shape Description
A. Techniques of Freehand SkOching

1. Measuring Subject
21 Block Drawinga.and Proportiohs'
3. Detailing...-:

B. Theory of 'Projection

1. Isogetrci .

2. Oblique
3. Sketching
Multiview Drawing'

1. Principles .

2. Relatiohship of Views
3. Selection of'Vjews t
4. Treatment of Invisible4urfaces
5. Auxiliary Views

D. Sectional Views
1. Half Sections
2: Full Sections
3. Broken Sections

III. DimeDsioning
A. General DimenSibhing

,B.,Formulation,and Placement of Shop Notes
C. Tolerances,

1. Rutpose
2. Terminology

.Pictoriaa Drawing.

- A. Isometdc'Drawing ,

1., Position of Axes

g. Step6 ?n Construction

ales

C.

IV.

.

41A

B. "Shading
-Li Shade Lines

-.... A. 5i1Xfaace Shadinx with

a.,,
.7., .3 '' " Lines

i

t.

r

"It

. '

.1

/.

. :

3

;



*

V. Working trawings
A. Detail Drawings

1. Purpose
2. Construction

B. Assembly Drawings

1. Types t.

2. Uses

3. Parts Lists

VI. Electrical Circuits
A. Electrieal.SymboLs.

1. Electronic Symboli

2. Logic Symbols

3.' Architectural Symbolt
4. Power Symbols

4., 5. Symbol Guides

6. Relays

A. Schematic Diagrams

.1. Schematic Layouts

,2. Comp FloF Charting

I C. 'Wiring Diagrams
1. IndustriS1

.

2. Communication /
;.: VII. Electrical Layouts

A. Layouts
1. Chassis

-...2 Panel

r 3.; Laboratory 4
4. Printed Circuit

5. Integrated Circuits

,se-9

a

.

t

1

'NW

0

cs

3

TOTAL 16

128

137

,

2 ,



Auxiliary Task 2: Technical Mathematcs I (Algebra and Trigonometry).

Performance Guide:

THEORY

I. Fundamentals
A. Numbers and Literal Symbols
B. Fundamental Laws of Algebra
C. Law of Signs
D. Operations with Zero
E. Exponents and Radicals
F. Addition and Subtradtion of Algebraic Expressions
G. Multiplication and Division of Algebraic Expressions
H. Equations and Formulis

II. FUnctions and Graphics
A. Functions
B. -Rectangular Coordinates
C. Graphing Functions
D. Zeros of a Function,.
E. Polar Coordinates

III. Trigonometric Functions
A. Angles'''

B. Right Triangle
C.. Trigonometric Functions
D. Values of Trigonometric FunctionS
E. Use of Trigonometric Tables
F. Trigonometric Applications of the Slide Rule

IV. Linear Equation* and Determinants
A. Linear Equations

1. Solutions of Two Equations 'with Two Unknown
a. Graphical-
b. 'Algebraic_
c. By Determinants

2% Solutions of Three Equations *with Three owns
a. Graphical
b. Algebraic \
c., By Determinants

V. Factoring and Fractions '

--- A. - Factoring .\

B. Simplifying Fractions
C. Addition and Subtraction of Fractions
D. MUltiplication'and Division of Fractions

VI. Quadratic Equations
A. Definitions

d. Factoring
2. Completing the Square
3. ,Quadratic Formula
4. Graphical

VII. Trigonotetric Functions of Any Angle
Signs of Trigonometric Function
Radians
Applications of Radians

129N

133

.4

Suigested
Hou

8

5

5

6

Er

4

4



a.

..

,

r ,

Trigonometric Functions of Any Angle
,-,

1.. E. htther Slide-Rule Applications
VIII. Vectors and Triangles '' ..

.4.! ....
..-

,-- A. .Vectors , ..,

.

- , B.,.,.., Applip4tiorni oft Vectors

C- ., Oblique Triangles
4-D. %Law of Sines T..}.

-',-

-I2w of Cosines
Graphs Sf'ibe.TrigonometriC Functions %,

A. GraPhs of YuA'sin x gad X =A cos x
B. _GrUphs of Y=A sip bx and,<X$ cos bx

CA Graphs Pf-:Y=A isiii,(bx c) d YikA cos (bi-fc)

.Graphs ofY=tarr Y=cot x, Ysep x, :f=csc x

E Appli.C.Itipnq of the Triggpometric graphs

f. Composite ItiOnom.O.AC. Curves

X.- Exponents and
,

Radicals .

A. ElbSitiveloteg'ers as Exporte'nts

B. Serand Negative Integers as ExpOnent4
Fractional:Exponehts

7 ,r Simplest Radical Foem
. Addition aid Subtraction of'Radicals

an8.15ivisip-orRaclicals

Operitor .

:.

IMaginary and. Complex Numbs* -

0`-terations,withttmp'lexNdaerg-'
GraptirRepreentatiofiOf Comgex,NumberS.

. Polar Form of TcapIexNumbet

. Products, Q tiente, Powrs, and Roots of Complex Numbers

XII. lJogarith ms

A. Exponent l'and'LogarithnicFunctions
B; Graphs f '1,7bx and Y=log bx i

.....
d. erties-of Logarithms

D. Logarithms to the Base 10 ,

El. Computations Using Logarithms =
...

F. Logarithmic Applications of the Slide Rule

-XIII. , Solving Equations and Systems 9f Equations . r 5

A. Graphical Solution of Systems of Equations
.

B. 'Algebraic Solutiori. of.SStstems_of Equations

C. Equations in.Quadratie FOrm

D. Equations with Radicals ..:, 4

E. ,Exponential and Logatithmio Equations

XIV. Properties of the Trigonometric Functions

A: Fundamental' TrigOnomptiie'kdentAiit .

B. Sine apd Cosine of theSumand Difference of Two AnkleS.. .

C. Double and Half Angle Tormuits . -:

D. Trigonometric Equations
.,

:,

XV. Inverse Trigonometric Functions
. 1 -..

`A., Inverse Trigonometric Functions
-

B. Principal Values , .
. --.

C. Graphs of the Iny,erse igcmgmetric Functions

. i''...,-*-. .

,

$0.

5

,
'b.

130

139

TOTAL 80



' I ,
4.

. , .

AuxiIbary Task 3: Technice4 Mathematics li'(Analytic.Geosetri. and Calculus)
.

r.

Performance Guide:

-#.
THEM

1-
EleMents oi inalytic Geometry
A. Strilight Line .,,

B. tircle,%

.. C. Paraboaa '
'D. Illipse , me
E.'Hypprhola.
B. Polar Coordinates

Areas Under CurAke

-.D4ferenciAtIcir
L Limits,.

Slope Of a Tangent to, a- Curve -'

DerivAlVes to,

c

4

6: erii-atives of Polynmmials ..,' . 1

..
E. Derivatives of Products sand,*otients
F. UeKivatives-O0 Power
G. Curve Tratir-4;

H. M&Nimtn and 'lint.=
III.. Late r4tion .

A. "fifereneials'and Inverse lifferentiatio
g. i ,definite Integral

t. Definite hategral
Ar s -by Integration

E. Values by Integration
F. Applidat_ ns of the Integral

IV. j)iffereytiatior J.Transcendental Funct.i.ons
A. Derivatives of: the Sine and Cosine
B. Derivatives of the Other trigonometric FUDC ones,

'vatives of thenverse Trigonometric x tions
D. Derive ves of the,Lagarithmic Function
E. Derivative of Exponents

V. Integration Teihniquds
A. General Exponential Formula
B. Logarithmic and,Exponenti41 Form
C. BasiejTrigonometric.Forms
D. Integration by Parts

. E. IntegratiOn by 'substitution
F. .Use of the 'Tables

'VI. Fourier Analysis
A. Introduction 1..

B. 'Developing the Fourier Series
:/,C: Even and Dad Functions

D. Application ' .

."

9-

A

Su

A .-Eicurs

L,

16

.'*TOTAL'

ti

d 64

.



Techmical Physics I (Properties of Matter and Mechanics)
.

Performance Guide: ,

. Introduction

THEM&

A. Physics: A Study of Matter and Energy

1. Matter
a. Solid
b. Liquid
c. Gas

2. Energy
a. Forms

(1) Potential
. (a) Chemical

(b) Position
(c) Nuclear

(2) Kinetic '

b. 'Conversion' '

B. MathematAgs for Physics

1. DecimAls
2. Exponentt

Trigonametric'Functions
4. Graphs Design and Interpretation

Slide Rule

C. Symbols and Terms
,p.: Protilel Solving.'

/I. 'M!datur ent

A. Fun neat units of Measurement
th

English.a.'

b.. Metric '

,..- i. 'Conversibn Factors \
.

2, Mass
"

.
. ,

.
.

a: English
.

b. 'Metric

. . c. Convbrsion Factors

',. 14:66 ,
.

BA',5econdary yhits of Measure

.1. Area
..',, a: English-.

b. 'Metric

I- ts 2. littlue , .

.a, English

.b. Metric
C. Measuring Devices ;mad TeChniquem ,

. pe Lengtk . -.

a-. Sealed qtraight Ertge

b. CaliOrs:and eividhrs.'

c.. Miereieter-Calper.,.
...d.' Vernier Caliper

'te,. Gauge Mocks
. Optical Flats

2. Area '

,

.

.

132

4

-Nis 4- 1 .,

611'°,71.3,1,sov

I

4,

Suggested
Hours =

2

3



3. Volume
bti Mass

5. Force--Spring Balance.
6. Time
7. Direction

a. Units
b. Measurement
c. Scales

; III. Atoms and Molecules
A. Structure of Matter

1. Atoms
a. Electron Orbits
b. Nucleus

(1) Protons >

(2) Neutrons A

2. Molecules
3. Compounds .
4. Mixtures

B. States of Matter
4. L. .

, 2. -Liqu41
3.. pas.

' C. Forces Among Molecules
1. Cohesion
2: Adhesion'
3. CapillArY Action .

D. ,Molecules, in-Motion

1. Brownian Movement
2. Aiffusfon
3.

Kinetic.4. Kinetic Theory 3

`LV. ,Proper es and lipenomena of alids

A. D itig
-\N\

1. MasiN
Weight %.C....,

B. asticity.
C. tress

Tessional;-,
2. -Compressional

3; Torsional
4. -Shear

5. Bending
D. Strain, .

4

E. Hooke's Law
F. Young's Law

1. Ratio of Stress to Strain
Elastic Limit

G. Hardness, Malleability Ductility, ,and:Tensile-Strength.
H. .Effect of Beat ,r

1 Linear StcpanSion -

2. Area Expansion
3 Volumetric Expansion .

V. 'Pro rties'and Phenomena of Liquids

A. Pressure
1. Measurement -

2. Calculation

4

:

4

133

142

:

2

ti

3



.

a

I

3. Pascal's Vases
4. Head

R. Fbrces in Fluids
1. Archimedes' Pr4nciple
2. ernoullits Piinciple

C. .Physical
1. Viscosity I

2. Volatility
3. Specific 'Gravity
4. Density . 4

D. Hydraulics
.1' 1. Hydraulic Pte.le

2. Pumps
a. Centrifpgal.
b. Lifts
c. Force,
do

3. ."ItOrs,(Hydraulic Driven)
, c?roperties ancr-Phenermena of' Gases .

'A.-- Elasticity and Compressibility,
1. - Bo5r LaW- .-

; Z. Charles' Las f
3. General Gas Law

$.: .`Pressure

v.
Itacuum -

.2:7, Atmospheric
.1%. ,'

3: AbsolUte-
,9.. 'Pressure Gauge

BarOmeter
2. BoUrdon tauge

VII. .VectOia and Graphic Solutions
Nteetors* - .

4- -Graphic Solutions
. $'orce and Moticzn

'orb '
inition .

2. Tbrce o ...Gra.vitatiOn.
"a. Newtoes 4w. of tniversal
b. Relation of Gravity to We iftrt

- Means of.Measurii4
R,. Concept of Motiob

*1. Velocity
24 AcCeleration _

3. Velocity and Acceleration'
4. Dintance and Acceleration

. . S. Acteleratiort -D-ue to. fee Force of Gravity
,

. C. ;Newton's LasOf Motion

1. Inertia
2. Acceleration

.3, Action andReaCtion
Wdrk, Energy and Pirwer -

A,. 'Work .
1. Definition
2. Units of Work

a. Metric
b. English

41

e

3.

V

,

:

134' .
.

43



B. Energy

1. Classification ..,

a.. Kinetic Energy N
. :
b. ,Potential Energy N. . .

2. Measurement of Energy
a. Metric . : \N.
b., English

Nx.

3. Energy and Its Transformation.
a. Original Sources k.

..
b. Convelion to Other Fprms

4., Law of Conservation. of Energy
C. Momentum

9

. NN
1. Impulse ,\ .1 .

2. Impact of Moving Fluies
. 3. Momentum and Newton's ',Third Law

a. Law of Conservation of Momentum .

b. Ro kets and Jets :, '...
Power.

1. Definition . .
. . .

Units of '$o%

Efficiency
4. uringRosepower

a. roily Brake .

b. E trica1DybsmOmeter':
- c. gydr. lit, Dynamometer

g. Analysis of' Basic gichines and" FrictiOn
A.' Basic Machines

1. Lever _

a. Mechanical Advantages
b. Example 44d 'Types,

): 1. 2. Inclined-Plant' .- ' .

:

a; i'lleCtqiial Anelj,sis
...,, 1',

::' b. APpliCitions '-

3. Hydr4uric Press-, ,
.

-,

B. Fiiction , ". ,

1.'..-g-aturesof Friction '.

2. Analyzing Frictional Forces :1.

...,1. Obeffitient of'FrictItin - j

..% 4. Effect of Friction on.Macbin0,: ..- ,...
.

5.Merlanital Advantage and Efficiency. sfAachibes .-

C. Simple-Machines .

A

""t.

- Wedge . :

2. Screws .,,
...

.
3. Wheel and Axle-
4: Pulleys'

'-' $.. Gears
.

--- 14' CompouneMtehines .

..-

a XI Rotation, Torque and Power Transmission ' =
.,. A. Ratary I:lotion

. .

B. I.' Rotation as'Appoed to Translation-
.--. 2. 'Angtilar Measurements

' , ...B. Torque '
, -
/

. . '1.. Units.-of tOtqcie.,--,

2. Contrast tQ Work- ,

I

, .

--..

-1 3, Applicatiqns -

.

135

. .

v

0



C. FoweruTransmission
lark and Power in_Eotary Motion

2. :Drive Shafts ;1

Centripetal Force
4.. Uniform Circular Velocity

2. Circular Acceleration

3. .Relationship of Newtonks

4:.Relationship of,Newton's
5. Applications

E. Centrifuial-Force
Relationship of Newton's

'2: 'Industrial Applications

A

-

t.
.

,

S

4VI

First taw of Motion
Second Law of Motion c

Third Law of Motion

TOTAL

a-

. ,

136

.-

145 .

.. .

.1

. .

c,

S

32

.
.

a-

4.

I

0

8



p

Auxiliary .ask 51, Technical Physics II .(Reat, Light and Sound)

Performance Guide%.

.

I. 'Temperature andRest:'
CTemperature

1. Definition
2. 'Measurement

a. Uglish
(1).Jarenheit-

. Rankine;
' b. Metric

(1) -Celsius (Centigrade)
(2) Kelvin orvAbtolute.
Conyers-19n

, d. Thermometers
(1)' Liquid
(2)'.-Gas

(3)-1ResIstanee
0) Theildbelectric'
(5) isyrometa

. (a) _Optical'

(13-)" Hadiatidn

B. Heat

THEORY

1. Definition
4

2. -Contrasted witleTempergiure .

3. Measurement
a. 'English

I

(1) Aritish Thrmal Unit
'b. -101etric,

(1) Calorie (cal)

c. Calorimeter.

4. Specific Heat and TherRaCapacity
5. Law of Meat Exchang4

Chingt-df-State-
a.- '1.4eilt Ileat'of Fusign
b. Meltfng and Fregiing
ce Latent Heat-of,Vaporization

Waporation, Boiling and Condensatiote.
e. Effect of Pressure

3: Heat Transfer- . -

6

b. Direction

c Methods
(1) Convecilom ,

(a) 'Forced
(b) ,Natural-

.
(2)."Rediation

(a) Light and Dark Surfaces!
FOlished and-Dull Sdrfaces

13) Conduction

7

137
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11. 'Sound and Wave Motion .

A. Wave Characteristics
Source

2.*I:requency
5.4 fltch .

4. Loudness and Iqtensity

5. Quality

6. Length
7. Velocity

a. Effeci of Medium -

b. 'Effect of TemperatOre 7 ,

B. Transverse Waves
1. Motion
2. Applications

% C. Longitudinal WaVeS

1. Rarefaction
2. Coddensation

D. Musical Tones ''

1. Pitch
2. Wave Characteristics of

E. Calculations
. Technical Applications of Soj4 Waves .

1. Reflection
a. Measurements.
b. Ultrasonics

2". Refraction
3., Seismographic Applications
4.. Abiorption of Siadnd

a. Coefficients
b. Materials
Recording and-Reproduction of Sound.

a. Wax
b. Wire

"'

,

c. Tape
"d. -Film

-6. Resmiance
i

, Light.,and Illumination.

A. Early Theories
B. Present Theories Acoounting for Light Properties

1. Wave
2. Quantum.

C. Velbcity of Light

D. Illumination Calculations
. 1. Intensity

A. Photometer

b, of Candle Meter

$.Coloi
-

F. Diff ion
.,

,

O..Ultraviolit Radiation
R.-fluorescent Illuminatiom
Principles of Optical:Measurement

A. Light Rays'and Beams . ;.

B. Reflection of Light

r. PiffuAed ' . .t
, :'

.,A/2. - Angular .
a. lbages " ' ...

b. Calculations of Angles

OP,

../1
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c. Optical Leveis
(1) Calculations

(2) Sextant

3. Curved or Spheacil'Mirrors
as Real and, Virtual Images

(Y) Concave

(2) Conitx
b. Calculations

(1) Image Locatibn

(2) Image Magnitude

C. Refraction of Light

1. Index

. 2. Calculationb
3. 'Critical Angles
4. Lenses

a. Types
b. Terminology

Formation of Images

d. ,.Calculations
. (1) Image Location

(2) Power of Lenses

(3) Image Magnitude

D. Dispersion of Light
1. Prism

a. Color Spectrum
e'

* b. Angles of Deviation and Disp4aion

2. Spectroscopt
3. Spectrograph 1 .

E. Polarized Light.
.0q

1% Theory,

2. Detection .

3. Applications
V. Atomic Energy

A.liature ofAt c Energy.
1.. Early Con pts'
2. Nineteenth-Century Discoveries

3.

5,

6.

7.

Dalton's Atomic Theory .

b. ginWilliam Crookes' Cathode Ray6.',
c.' J. Thompson - DiVisibility of Atoms
Early Twentieth-Century Discoveries
a. Robert A. Millikan'-'Measurement of ElectrOns
b. E: Goldstein and W. Wein -bi-scovery of Protons
c. Lord Rutherford and Niels Bohr - Planetary Concept
dr James Chadwick - Discovery of NeutroTEI

Atomici4eight and Number
Energrin-theAtbm
a: Eihsteints Mass- Energy

b. Law of Conservation of Mass Energy
e. Experiment with bithium
Atomic Disintegration
Atomic Bomb&rdment
a. Cyclotron
b. Van de'Graaf Generator

c Betatron
8. Uranium ELssion - Slow Neutron.Bombardtent'

.91. fusion

139

143
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..a

B. Atomic Energy for Military Purposes

1. Sepatation of D735 from U238
2. .Fissionable Plutonium

C Industrial -Uses of Atomic Energy-
1. Plutonium Reactor and Power Developer
2. 'Radioactive Isotopes

1 TOTAL 32

. ,
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