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MILITARIC CURRICULUM MATERIALS

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

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

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

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

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

VN.

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

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

Project Staff:

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

Shirley A. Chase, Ph.D.
Project Director
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What Materials
Are Available?L,.41Lj
One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

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

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Drafting
Electronics
Engine Mechanics

Food Service
Hea Ith
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Photography
Public Service

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

How Can These
Materials Be Obtained?
Li."=_,.......4................i-7'.1.-, -.1

a

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

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass

Director
100 North First Street
Springfield,1L 62777
217/782-0759

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

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292.6562

NORTHWEST
William Daniels
Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753.0879

..

SOUTHEAST
James F. Shill. Ph.D.
Director
Mississippi Mate University

Drawer DX
Mississippi Stete,.MS 39762
601/3254510

WESTERN
Lawrince F.H. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 96822
808/948.7834

t.
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The National Center
Mission Statement

t

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

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

.-Installing educational programs and
produce

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Maim* Curriculum Materials

WRITE OR CALL.
Program Information ()ilk?
The National' Center for Research in Vocational

Education
The Ohio State University
1960 Kenny Road. Columbus, Ohio 43210
Telephone: 614/486.3655 or Toll Free 800/

848.4815 within the continental U.S.
(except OIVA) 6
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INTRODUCTION

Having successfully completed modules one through fourteen, you
are now ready to concentrate-on the kind of .electrical/electronic
machinery and circuits you will be working on in the Fleet. All'of
the electrical/electronics ratings have a need to know something about
electronic circuits; some need a great deal, and some need very little.
Some of the most common electronic circuits are power supplies and
amplifiets,_so they will be.amaig the first that you will study.

When you complete your shore-15ased training, you should be able to
troubieshoot and maintain the "simple" circuits and have the MI; skills
and knoWledge that will help you to quickly learn how to handle "complex"
circuits.

Troubleshooting techniques are simply a matter of using a good,
logical approach to problem solving. (Sometimes, even recognizing that
there is a problem is a di(fictilt step.) Howeter, logic can only do

,part of the job. You must gather evitlerice.to make the logic useful. In

general, there are two stages:, (1) c.iagnosis and 42) remedy. Tie
first requires knowledge (information) and the second requires skilli
(use of tools and equipment). This stage of your training is,designed

to provide, a large amount of both.

It will be necessary for yob' to learn how to use some very sophisti-
cated test equipments and to interpret the information they provide. It

will also be necessary that you learn some elegant repair techniques so
that you will be able to fix not damage equipment.. There will be a good
deal of "hands on" learning experience followed by sufficient practite
so that you will be able'to perform well in the fleet.

You may find tube, solid state, or both types of electronic
equipment in the fleet. Since we are moving rapidly toward solid state
systems, we will concentrate our efforts in that direction, but the older
types of ships and equipment still utilize tube type circuits, so you will
probably have to know something about both types.

Probably the most useful source of maintenance information is the
technical manual for the equipment, so we will provide for training and
practice in the use of this resource to help you make maximum use of it.

1



The Basic Electronics School was designed to provide training
needed by all, or nearly all, of the ratings responsible for electrical
and electronic equipment maintenance. You will now be routed through
the modules of basic training needed by your particular rating.

The goal of shore-based training is to produce a technician who can
"do a job" the day he reports on board his permanent duty station. When
you get there, your most important job will be to "keep the gear up"--the
Navy way of saying that the equipments you are responsible for are ready to
go when needed. You will have to know (a) when your gear is not working,
(b) how to find out what's wrong with it and (c) how to fix it. Your next
phase of training will focuse on troubleshooting and repair techniques.
Experience and practice in the use of tools and test equipment will be
provided at every opportunity and there will be many performance tests.

Don:t be surprised if you finish a lesson or module without understand-
ing everything there is to know about the subject. A journeyman technician
has spent years in learning about his rating and still doesn't know every-
thing about 't. You are looking for BASIC understanding.

I o
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MODULE FIFTEEN

INTRODUCTION TO ELECTRONICS MAINTENANCE

VOW

STUDY AND PROGRESS CHECK BOVKitT
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Overview Fifteen

OVERVIEN1
MODULE FIFTEEN

Sol14 State Power Supper Construction and Testing

All electrical or mechanical devices depend on a supply of power (or energy)
in some form, and different devices need different amounts of power in
different forms. A power supply of some sort is used to provide the right
amount in the right form for every unit.

lodule is designed to provide:

. The application of some concepts learned in the first foist-teen

modules.
2. Practice in the use of a multimeter.

3. Practice in the'use of an equipment technical manual.
4. Breadboarding and testing a circuit.

5. An introduction to the Input-conversion-output (ICO) concept.
6. Practice in performing preventive mainenance steps.
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MODULE FIFTEEN

LESSON I

USING THE SIMPSON-260 AND AN/PSM-4 MULTIMETERS TO MEASURE
VOLTAGE, CURRENT, AND RESISTANCE

13



Overview Fifteen-I

OVERVIEW
LESSON I

Using the Simpson-260 and AN/PSM-4 Multimeters to Measure
Voltage, Current, and Resistance

You have learned to use a Simpson-260 Multimeter to measure E, 1, and R in
simple circuits. Simpsons are commonly used meters, and your next duty
station may be equipped with them. Another multimeter that you should be
able to use is the AN/PSM-4. It is very similar to a Simpson, and has
only minor differences in scales and controls.

To help you transfer your Simpson training, you will (1) review the Simpson,
(2) preview the AN/PSM-4, and (3) operate the AN/PSM-4. The job sheets
look like tests but they will not be graded. They are designed to be
review and learning sequences, and will be used as such..

In this Lesson, you will

- review the Simpson-260 Multimeter
- preview the AN/PSM-4 Multimeter
- make voltage, current, and resistance measurements with the
AN/PSM-4 Multimeter

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE.

44
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Study Resources

LIST OF STUDY RESOURCES
LESSON 1

Fifteen-I

Using the Simpson -26O and AN /PSM -4 Multimeters to Measure

Voltage, Current, and Resistance

To learn the material in this lesson, you will use

STUDY AND PROGRESS CHECK BOOKLET:

Experiment, EXP. Fifteen-I-1,
Measuring E, 1, and R"

Operating Instruction, O.I. Fi
Multimeter"

Experiment, Offs. Fifteen-I-2,
Measure E, I, and R"

"Simpson-260 Multimeter Review:

fteen-I, "Operation of the AN /PSM -4

"Using the AN /PSM -4 Multimeter to

A copy df the AN /PSM -4 Technical Manual is available as an additional

resource.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.

7.
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EXP. Fifteen-I-1

EXPERIMENT
LESSON I

PART I

Simpson-260 Multimeter Review

Not all of the Navy's multimeters are Simpson 260's, but if you know
the function of each control and how to read the scales you will be
able to transfer this knowledge to other multimeters. In Part 1 of
this lesson you will be provided a review to refresh your memory of
the Simpson 260.

PROCEDURE:
ANSWER THE FOLLOWING QUESTIONS.
WRITE YOUR ANSWERS ON THE EXPERIMENT. ANSWERS TO THIS EXPERIMENT
ARE PROVIDED ON ANSWER SHEET. A.S. .71FTEEN-1-1, IN THE BACK OF
THIS BOOK.

Remember that a multimeter should be connected in series with the cir-
curt or component you are checking when measuring current and 1. paral-
lel when measuring voltage and resistance.

1. Which of the following illustrations shows an ohmmeter correctly con-
nected to measure resistance?

a. Circuit A
b. Circuit 8

2. For the most accurate reading of a resistance of 1,000 0 place the
range switch on the scale.

a. R x 1

b. R x 100
c. DC

d. R x 10,000

8 IC



EXP. Fifteen-1-1

3. To properly use the ohmmeter as an effective aid in troubleshooting

equipment;

a.

b.

c.

d.

use the meter only in an upright
secure the power to avoid damage
make sure the function switch is
make sure the range switch is on

position.

to the meter.
set to the AC position.
the highest range.

4. With the range selector switch set on the R x 100 position, what

ohmic value is indicated in this illustration?

9

de

a. 150 n
b. 8o P

C. 800 a
d. 15000 n

ti

r 044 .0

.se 44 ir um4
you.OHM.

aft a was um aka vou
Mt 'Ma at 011440 WAN DA.

20
4

1.0

4 .P4

4y#

*V Stags ADD *
It V RA16011 at 26 DO

3210, Stoats tO0 40 CB

5. When changing from one resistance range to another, always:

a. observe correct polarity.
b. secure power from equipment.

c. re-zero the meter.

9 1 7

I.
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EXP. Fifteen-I-1

6. Which of the followirl illustrat;ons depict an ammeter cor-
rectly connected to measure current?

a.

b.

Circuit A
Circuit

7. To properly, measure current, the ammeter must become:

a. a parallel branch of the circuit.
b. a secondary source to the circuit.
c. an actual part of the series circuit.
d. an additional load to the parallel circuit.

8. Which-. i I lust rat ion. shows the correct meter connections for

pc current?

a.

b.

101 8

measuring



EXP.

9. To be

Which

Fifteen-I-1

useful, a meter must be able to measure different values of current.
number indicates the control used for this purpose?

a. 1

b. 2

c. 3

000 2 0 0

esQ
.68 00

10. The range selector switch is set on the 10 MA scale. Which meter
scale would be used to read current?

a. A
b. 9

c. C

d. D

41.

1r

ti f
r e

44.4

0 5 UP

"14144414444-,....
10

,
O 30

4 4

4
.4<11,

.0?
VOLT OHM

2100 PP .owo ara.116j01
WAP1 Ombis

11
O.

aat ma a OP
SPv A*401 00 1A OP

2S 110/1G1 A00 . OP ..?

A

11. The range selector switch is set to the 10 MA scale. In the illustra-
tion for question #10, what is the indicated current value?

a. 2 ma.

b. 8 ma.

C. 40 ma.

d. 3 ma.

19



EXP% Fifteen-1-1

12. With the meter set up as illustrated.' what is the indicated value
of current?

to

0 4
6 4 6.1% ge

Co %
,s.r 4;4) 4, ..

i'ird-P
VOL 0iO4.0ALUNAARA

nitil s
An 3 :10

%V emelt ADO 11 00
3:),Itti.e4elal a " " 4

4:Pos.t PO We
1LC UM AA. MOW SANOt Ate 41 toe

1

A

}
fia 0

..10A. OUTPUT

+ C
-.at A.C.

COMMC61

500MA

2.3V

10 V.

Pa
250V.

1000 V.
5000 v

100 MSA
AMP.
10 MA

1 MA

Rx1

Rx100

260

Rx10,000

0 4Pi5-
00# NAPS. 4- WA

ZERO OHMS

Ac. Dc.

05000V 0

a. 52 ma.

b. 110 ma.

c. .21 ma.

d. 2.2 ma.

0
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EXP. Fifteen-1-1

13. With the meter set up as shown, what is the indicated reading?

0005

so
26
4 4

11,

, 1 4
V' e

r eytt .
:ov4r) utg.

VOL OH MUJAMMEIllt

;.5

ZIP 0$ 00040 IiVOl
l$ WAlt 00 0004

°
e

660 00000 w00 Ia o
00000 tit bar S0Y 04001 000 10 00
IOW. UM 04 1001, tw1101 A00 X000

a. 50.5 ma

b. 10.2ma

c. 102 ma

d. 210 ma

«i

0
-104 *mut

+ C

=WON0 45

500MA

2J5V

10 V.

MAMP.

250V.

1000V
s000 v

AMMA

IOMA zeto OHMS

i MA

Rxl 0
Rx100

12x4000

260

A C. I.) C.
5000V 5000v0 0

...
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EXP. Fifteer-I-1

14. Which illustration indicates a current value of 10 pa when using the
50 pamp range?

15. What is the current reading indicated below?

10 .. ,
it ..er 2c v;. 4 6

$

1.
-'41,

a. 43 ma
b. 430 ma

c. 215 ma

d. 86 ma

300MA--,
P-5 V

10 V.

way
wamo,

250V

MOO V.
6000 v

KIJOt
10 MA

1 MA

Rai

111100

14

Lobto,000

ti

o



t

EXP.
Fifteen-i-1

16. At what point(s) in the circuit below will a zero voltage drop be

measured?

17. With the range switch set at 50V which illustration could

indicate a voltage value of 10 volts on the Simpson-260 Meter?

15 23
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EXP. Fifteen-I-1

18. Which illustration indicates a voltage value of 460 volts-on the
Simpson-260 when using the 1,000V Scale?

A

B o

19. Which illustration Indicates a resistance reading or 10 Kit on the
Simpson-260 when using the R x 10,000?

. A

B

.1624

44'



Fifteen-I-1

20. The range selector switch is set on the R x 100 scale. Which
meter scale should you use?'

a. A
b. B

c. C
d. D

0 4 '

es
'43

r 4 *
44

';;614"4444:11,* 0
zo 11.11046 vi%

VOLT CIVM Pia fl .$ 44 m).v 6. N s.
o s.

.11 CNoi %MOO( Oft0..1 .41 v0.11
:11; :tprot"." 10" ): 0.

A

CB
O

21. Which of the following illustrations depicts a voltmeter correctly
connected?

a. Circuit A
b. Circuit p

17



EXP. Fifteen-1-1

22. Which drawing shows the multimeter correctly connected for measuring

DC voltage?

A

B

...Moel

26
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ifEXP.

23. Circle the letters indicating parts and scales

are usedfpr measuring DC voltage.

c

.kerw t_ok
VOCTONMNIWANWEItk ,, ..a ww »o

zoo a feell itNi pm, 00 NO 11:; 4.404. NO 40 N
An waft 440 0004$ =NON AM AL
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24. The illustration below shows the components and

the voltmeter function of the Simpson 260-5P Mul
tration and the meter provided, then match the 1

the parts of the multimeter.

Fifteen-1-1'

controls associated with

timeter. Study the illus.-
etters to the names of

f

is 044
tO 13

e illorK011

A"ge Att.
VOti OHM MURAM14111t

m)mM
t .

.
M

MM U *ms M $.a.4a4 a.vi.,,,«ee
MK

0

I

00
OUTPUT 500 MA

-0.0 c AC 2V
WV

250V.
/fa

wowMM
260

100 MA
AMPS

i0MA

I MA

Rd

11000

R110,000

0WAN" .10a0
ZERO OHMS

Ac
6000V

0 0

1. function switch

2. (+) test jack
3, range switch
4. common (-) jack
5. DC voltage scale
6. AC voltage scale
7. 2.5V AC scale

20
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Fifteen-I-1

25. Interpret the meter reading and record the indicated AC voltage for
each range switch position. Be as .accurate as you can!

4 6

r 4;imo,ogi

44'4 taps
iQ

VOLT -OHM MILL METER 01,110841 *00 .1 0$
010 64 rows Wilt ONhit SO V 11.41 000 60 04
AM 000 606:000 190100< 0,4 1$610 10.41 .00. 08

....

0
.....r

I. 10 v Range volts AC 4. 250 v Range volts AC
2. 50 v Range volts AC 5. 1000 v Range volts AC

3. 2.5 v Range volts AC

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO
OPERATING INSTRATIONS, FIFTEEN-I, IN THIS BOOKLET.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR PROCEDURES.
IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR.

21
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0.1. Fifteen-1

OPERATING INSTRUCTIONS
LESSON I

Operation of the AN/PSM-4 Multimeter

The AN/PSM-4 Multimeter is a completely portable volt-ohm-milliammeter.
It can be used to measure DC current, DC resistance, and DC and AC voltages.
A high voltage probe (included) makes it possible to measure voltages up
to 5,000 VOC. This probe contains a warning light to indicate the presence
of-high voltages.

NOW OBTAIN AN AN/PSM-4 MULTIMETER.

There are three controls on the face of the meter. There is a ten-
position rotary switch in the lower left hand corner which is used as a
function switch. Five of these positions set up ohmmeter connections within
the meter. For these resistance positions the function switch also acts
as a range selector. The eight-position switch in the lower right hand
corner selects ranges of current and voltage. On this switch the voltage
values are written on top and the current values are on the bottom.

To measure DC voltage, the function switch.is set to either DIRECT or
REVERSE DCV; and the range switch set to the applicable range. REMEMBER,
WHEN MEASURING UNKNOWN VALUES OF VOLTAGE AND CURRENT, ALWAYS START AT THE
HJGHEST POSITION ON THE RANGE SWITCH.

To measure AC volts the function switch must be sat to the ACV position
and the range switch to the applicable range. The meter is calibrated to
indicate the RMS-value of AC voltage.

to measure DC current, e function switch is set to the DC pA/MA/AMPS
position and the range switch set to the applicable position.

To measure DC resistance the function switch is set to any of they
applicable resistance ranges. When measuring resistance, the range switch
has no effect on the measurement and may be placed in any position. NOTE:

WHEN MEASURING RESISTANCE, MAKE SURE THE POWER TO THE CIRCUIT IS SECURED.

NOTES:

(1) Insure that the function switch is not set to a resistance
position when securing a multimeter.

(2) All measurements should be taken keeping the AN/PSM-4 in a
horizontal position.

EXPERIMENT, EXP. FIFTEEN-I-2 IN THIS BOOKLET COVERS THE PERFORMANCE OBJEC-
TIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THIS LESSON PROGRESS
CHECKS WHICH YOU MAY TAKE AT THIS TINE.

22



EXP. Fifteen-1-2

EXPERIMENT
LESSON I

PART 2

Using 'the AN/PSm-4 Multimeter to Measure E, I, and R

Materials:

I. AN/PSM-4 Multimeter
2. AN/PSM74 Multimeter operating instructions
3. NEAT board #1
4. NEAT board #8
5. Exact Model 124 MultIgenerator

Procedure:

In this part of the experiment you will be required to answer
questions concerning the AN/PSM-4 Multimeter. Note the positions
of the range switch, function switch, and the pointer on each
illustration to determine the indicatedvoltage, current, or resistance.
You will then use the NEAT board #1 to make in- circuit DC measure-
ments with the AN/PSM-4. Upon completion of this exercise you will
use NEAT board #8 and make in- circuit AC measurements with the AN/PSM-4
Multimeter.

Using the following illustrations determine the value of the voltage,
current or resistance as indicated by the position of the range switch,
function switch, and pointer. The correct answer will be at the top of

the following page.

2331
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EXP. Fifteen-I-2

ANS. TO #11: 3K

GO GET NEAT BOARD #1 AND TAKE IT TO A LABORATORY CARREL TO COMPLETE
THIS SECTION OF THE EXPERIMENT.

This part of the experiment will be used to judge your proficiency
in using the AN/PSM-4 Muitimeter. You will masure voltage, current,
and resistance in a series - parallel DC circuit and a series-parallel
RLC AC circuit. A tolerance of +5% accuracy will be expected.

On NEAT Board #1 set up a series-parallel circuit by setting the
switches as follows:

$ 101 to B 102
$ 102 to ON
S 104 to ON
$ 105 to A
$ 103 to ON

Write the results of each measurement in the blanks provided.

12. Measure the voltage drop across each load resistor.

13. Measure the battery voltage.

14. Measure the resistance of network R103 and RI02.

11111,11 11gmlIlm.

15. Measure the total circuit resistance of the series-parallel
circuit.

16. Measure the load current of RI01.

17. Measure the total circuit current.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, COMPLETE THE LAST PART OF THIS
EXPERIMENT.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS APiO PRO-
CEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR.



EXP. Fifteen-1-2

On N.E.A.T. Board #8, set up a parallel RLC circuit consisting of
C802, 1801, R805. Place 5 -803 in position A.

Using a double BNC connector inject an AC voltage from test output
#1 of the junction box into the N.E.A.T. Board. Write the values you
measure in the proper blanks.

18. Measure the input voltage with the AN/PSM-4.

19. Remembering Kirchoff's Parallel Voltage Law, should the voltage
across the capacitor be the same as voltage in?

20. Measure the voltage drop across the capacitor (C802). Connect AN/PSM-4
between TP-804 and TP-805. Note S 802 must be in position M 803.

21. Measure the following currents. Connect AN/PSM-4 between TP-806 and
TP-807.

aline =

I

c
=

I =

IR

22:T What would hawn to (Line if R803 were placed in the circuit?

23. Set S 803 to position D and measure lune. Were you right?

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO MODULE FIFTEEN
LESSON II.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS AND
PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR.
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Overview Fifteen-II

OVERVIEW
LESSON II

introduction To A Navy Technical Manual

In this lesson you will learn about one of the most valuable
books aboard ship. Without a good -working knowledge of how, when,
and why to use this book, you will probably waste many hours
that could be spent, for instance, on LIBERTY. This lesson
describes the sections of a technical manual and their function
in detail.

A

BEFORE YOU START.THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.



Study Resources Fifteen -It

LIST OF STUDY RESOURCES
LESSON II

introduction to a Navy Technical Manual

To leak the material in this lesson, you have the option of
choosing, according to your experience and your preferences, any

or all of the following:

STUDY AND PROGRESS CHECK BOOKLET:

Lesson Narrative
Lesson Summary
Experiment, Exp. Fifteen-II "Introduction to a Navy Technical
Manual:'

ENRICHMENT MATERIAL:

OMB
Equipment Technical Manuals

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY REVIEW PREVIOUS LESSONS IF YOU WISH.

39
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Narrative F;fieen -II

'NARRAT1VE
LESSON II

Introduction to a Navy Technical Manual

In this ,lesson you will learn the sections of a standard Navy
technical manual and what information is contained In each section.
Although there are several types of technical manuals available in
the Fleet, we shall cover the seven-part technical manual here, for
It seems to be the most popular. The seven parts are

Section I General Description
Section 11 Iristallation 4

Section III Operation
Section IV Theory of Operation
Section V Troubleshooting
Sectfon VI Maintenance
Section VII Parts List

Section 1 -,General Description, This section provides a non-technical
description of the equipment. 1t is intended for those who seek a general
understanding of the equipment's capabilities, purpose, and intended use.
Illustrations show the functional relationships and relative sizes of the
basic units.- A listing of all equipments, accessories, and documents is
included. Dimensions, *eight, and volume are given,

Section II - Installation. This section contains a description of every- 4.

thing necessary or useful for installing the equipment. A list of tests
and test procedures to insure that the equipment can meet operational
requirements is included.

Section III - 0 ration. This section describes the procedures to be used
by a person opera tang the equipment. The procedures include both routine
and emergency operating instructions and safety precautions. Steps to
prepare the equipment and complete starting and stopping procedures are
described in detail. Tables, charts, and illustrations are usually in-
cluded as aids for easter understanding.

Section IV - Theory of Operation, This section usually includes a
detailed analysis of electronic circuits. Block diagrams are used to
show functional relationships and signal flow paths. The functions of
circuits and sub-circuits are explained in detail. Component functions
are explained in text, charts, tables, and diagrams. Schematic diagrams
showing signal flow and component values are included,

48
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Narrative Fifteen-I1

Section V - Troubleshooting. This section is intended For the technician
responsible for maintenance. It includes troubleshooting guides, diagrams,
and procedures. Complete signal tracing Instructions are given. Test
equipment and special servicing techniques are described. The maintenance
schematic diagrams include all circuit elements and major and mieor signal
paths. Resistance and voltage charts'are provided.

Section VI - Maintenance. This section deicribes the preventative main-
tenance and performance tests which are required on a scheduled basis.
Periodic checks include safety, inspection, cleaning, lubrication, and,per-
formance.

Section VII - Parts List. The parts carried on board ship, tender, or
ashore are itein-07-7inufacturer's part numbers, federal stock numbers,
and descriptions of common items are given. Exploded views of units are
provided.

Al) of the sections described can bq of great value to'you as a
technician. Knowing whal is contained in which section of this seven
part technical manual will help you to use an eight part or a nine part
technical manual.

THIS COHPLETE$ THE NARRATIVE FOR LESSON II, MODULE FIFTEEN. EXPERIMENT
EXP. FIFTEEN 11 IN THIS BOOKLET COVERS THE PERFORMANCE OBJECTIVES FOR -

THIS LESSON. IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO THE
JOB SHEET, THIS LESSON IS COVERED BY:

SUMHARY

II4
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Summary

t.

SUMMARY
LESSON II

rifteenll

Introduction to ti Navy Technical Manual

in this lesson, you will be exposed to the seven part Navy
technical manual. Although technical manuals may contain more or
fewer sections, the seven part is the most common.

The first section - General Description contains a functional
description of the equipment.' It has illustrations of the unit for
physical identification along with dimensions and weight.

Se..:tion 11 - installation tells you the correct'procedures for
unpacking, installation, and initial set-up to check the gear for
proper operation.

Section III - 0 eration provides a step-by-step procedure for the
operator's efficient unt of the equipment. In addition, safety pre-
cautions, operating limits, tables and charts for opecilion are
included in this section.

Section IV '- Theory of Aeration gives the reader information
on how the components illiiCTiaTirTunctton. It explains in detail
the signal flow. voltage requirements, and Input-Conversion-Output
concepts, of ea..111 unic.

Section V - Troubleshooting can be one of the most useful chapters
if utilized properly. It has troubleshooting guides and diagrams,
meter readings; resistance measurements, schematic diagrams, wiring
diagrams, and troubleshooting flow charts.

Section VI - Maintenance contains the preventive maintenance
procedures and perrormance teat instructions required Oh a scheduled

basis. These instructions help keep equipment failures to a
minimum, if followed.

Section VII Patts List is just what the name implies - a list:Ag
of all the parts. It contains a component's ciescriptian, part number,
manufacturer, and stock number.

All in all, these parts make up a valuable tool. One that, if
utilized effectively, can be as important to you as your multimeter
and oscilloscope.

THIS COMPLETES THE SUMMARY FOR LESSON 11, MODULE FIFTEEN. EXPERIMENT
EXP. FIFTEEN I! iN THIS BOCALET COVERS THE PERFOWANCE OBJECTIVES FOR
THIS LESSON. IF YOU FEEL TRAT YOU HEED FURTHER :ADDY BEFORE YOU DO
THE EXPERIMENT, THIS LESSON IS '1,1CRED BY:

NARRATIVE



EXP. Fifteen-il

'?ERIMENT
-ESSON II

Introduction Lo k Navy Technical Manual

This experiment will be used to measure your knowledge of the
seven section Navy technical manual. You will be asked to locate
information in the 6B25 technical manual.

Y

(Write your answers in the spaces provided below.)
- I

1% In which section of the 6825 Technical Manual can the operating
procedures be found?

2. What is the figure number of the overall schematic of the 6825?

3. In which section can the audio output specification 0 watts be
found?

..

4. Record the manufacturer's part number foi- Q5.

5 In which section can the number of the pin that connects the
fuse to the power supply printed circuit board be found?

.i

:

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET.
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON FIFTEEN-Ill.

43
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MODULE FIFTEEN

LESSON III

PART AND SYMBOL IDENTIFICATION USING THE TECHNICAL MANUAL
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Overview

OVERVIEW
LESSON III

Fifteen-III

Part and Symbol Identification Using_ the Technical Manual

An equipment technical manual or manufacturer's instruction book
is usually the best (and sometimes the only) source of equipment
information for a tethnician. In this lesson you will use information
from Sections VI and VII of the 61125 Technical Manual.

In this Lesson, you will:

- locate and use schematics in the technical manual
- locate and use pictorials in the technical Manual
-locate and use the part lists in the technical manual
- learn new schematic symbols and correice the symbols
to physical components.

IMO

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON III

and Sy bol

To learn the material in this Lesson you will need the following
in your carrel:

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narrative
Experiment, EXP. Fiftezn -111 "Part and Symbol Identification Using

the Technical Manual"

TECHNICAL MANUAL:
6B25 Radio Receiver

NOTE: Your learning center is equipped with some supplementary reference
material that you may find helpful. Three very useful references

are:

Electronics S Nucleonics Dictionary
Electronics installation and Maintenance Books (EIMB)
Basic Electronics, NAVPERS 10087C, Vol 1 S 11

The Electronics Dicticnary is a convenient and accurate source of
definitions.

The EIMB is a source, in several volumes, of a wide range of information and
Navy policy regarding electronics.

Basic Electronics is a Navy Training Manual which provides a clear and
easy means for understanding the basics of electronics circuits and
components.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.

46
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Narrative Fifteen-III

NARRATIVE
LESSON III

Part and Symbol Identification Using the Technical, Manual

In this nodule, you will assemble and test a power supply on a "breadboard."
In order to do this accurately and with understanding, you must first
be able to identify schematic symbols and then correlate these symbols
to the actual physical components. The primary aid in accomplishing
this task is the Technical Manual.

The Technical Manual is composed of several sections. The major
titles of each section can be found in the Table of Contents located
in front of your technical manual. A list of figures and tables can
also be found in the Table of Contents.

At this point it is suggested that you leaf through your technical
manual noting the major headings, figures, and.tzbles of each section
as listed in the Table of Contents. Thumb through the manual to get
a feel of how it is generally laid out. Not all Na4y technical
manuals are arranged exactly the same way. TFere may be more or fewer
sections and the titles may differ somewhat, 'wt the 6825 Technical
Manual is very similar to what you will sec 4n the Fleet. The section
on 'General Maintenance" in the E.I.M.B. contains the recommended
format for standard Navy technical manuals.

Now that you are familar with the general organization of the
technical manual it is time to put the technical manual to use Turn
to Section VI, figure 6-7, in your technical manual. This figure
is'the overall schematic diagram of the 6825 Radio Receiver. This
schematic ties all of the components (resistors, capacitors, diodes,
etc) into stages, such as the push-pull amplifier stage or detector
stage. The schematic then ties the stages into sections, such as the
RF Amplifier/Converter section; and finally ties these sections
together into the 6B25 Receiver System. A system schematic is
organized so that signal flow is easy to follow, so the schematic will
not necessarily be identical to the actual physical layout. The
schematic does not indicate on which printed circuit card the component
is located or even its physical location with respect to the other
components.

Now locate the power supply section on the schematic. The numbers
in parentheses ((I), (2), and (3)] indicate that they are tied directly
to other points on the schematic with the same number in parentheses.
The numbers within a circle (D. indicate testpoints. Look at the input
of the power supply section. The input is at the lower left hand corner
of the schematic. Note that SI ( a switch), Fi (a fuse), and DSl (an
Indicator light) make up part of the input circuitry.

Now turn to figure 6-2 of the technical manual. This figure has
two parts. 41 schematic diagram of the parts actually on the power
supply printed circuit card; and a pictorial of the components as they



Narrative FifteenIll

are physically mounted on the card., Note that SE, F1., and DS1 do not
appear in either part of this figure This is because these three
components are physically located on ense chassis. Also note that
there are no particular similarities between a component's position
in the schematic diagram and that component's physical position on the
printed circuit card shown in the pictorial.

It is now time to correlate a schematic symbol to the physical
component. For example, look at component C23. The circuit designator
"C" indicates that it is a capacitor. Find C23 on your schematic
diagram. Notice that capacitors are indicated on the schematic by
the symbol Also notice that the symbol contains a small plus
sign. This sign indicates the positive side of an electrolytic capacitor.
You should also notice that the value of the capacitor is written beside
the symbol indicating that it has a value of 100 of (one hundred
microfarads). Now find C23 on the pictorial. From the pictorial you
should gain some idea as to the physical size, shape, and location of
the component. For information on additional electronic symbols see
Appendix VII of Basic: Electronics. (See List of Study Resources).

More detailed information about the component can be found in Section
VII, Table 7-1, the Part Listing. Here its nomenclature, function,
circuit designation, value, and part number can generally be found.
Any component or test point can be found in the above described manner.
A further aid to component location may be found in Section VI, figure
6-6, Chassis Wiring Diagram. This diagram shows the interconnecting
wiring between each printed circuit card. It also shows connections
to components mounted on the chassis.

THIS COMPLETES THE NARRATIVE FOR LESSON III, MODULE FIFTEEN. EXPERIMENT

EXP. FIFTEEN III IN THIS BOOKLET COVERS THE PERFORMANCE OBJECTIVES FOR
THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON PROGRESS CHECKS WHICH
YOU MAY TAKE AT ANY TIME.
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EXPERIMENT
LESSON III

Part and Symbol Identification Using'the Technical Manual

This experiment Will be used to measure your ability to correlate
component parts to schematic symbols. You are expected to complete
this assignment with 100% accuracy.

For this exercise you will need:

1. 6025 Technical Manual
2. Power Supply Breadboard Kit

3. Module Fifteen-ill Narrative

See your learning supervisor for any listed item that you do not
already have.

INSTRUCTIONS:

1. Count the number of components in your breadboard kit. There
should be a total of fifteen components including the one
already mounted on the breadboard.

2. Each of your breadboard component mounting blocks is labeled with
a number from 1 through 7. For instance, the block with the
100 0 resistor is number 6.

3. Look at the schematic, Fig. 6-2, in the 6025 Technical Manual
and compare it with figure below.

4. Now find the 100 0 resistor on the schematic then write its
block number (6) in the proper space below.

5. Continue this process until you have filled all of the spaces
with the proper number. NOTE: The transformer Is number 1.

5



EXP. Fifteen-Ill

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO
MODULE FIFTEEN, LESSON IV. IF YOUR RESPONSES DIFFER FROM "MOSE
GIVEN, RECHECK YOUR SETTINGS AND PROCEDURES. IF YOU STILL HAVE A
PROBLEM, SEE YOUR LEARNING SUPERVISOR.

.
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LESSON IV

BREADBOARDING ND TESTING A SOLID STATE POWER SUPPLY



Overview

OVERVIEW
LESSON IV

Fifteen-IV

Geadboarding and TestinlLa Solid State Power Supply

In this Lesson you will>

- use a technical manual

-make resistance and voltage measurements
-construct a circuit from a schematic and/or pictorial
- learn some new terms
-identify electronic components

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON Tint NEXT PAGE.

62
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LIST OF STUDY RESOURCES
LESSON IV

Breadboarding and Testing a Solid State Power Supply

To help you learn the material in this Lesson, the following resources
are available:

STUDY AND PROGRESS CHECK BOOKLET
Lesson Narrative
Experiment EXP. Fifteen -IV, "Breadboarding and Testing a Solid

State Power Supply"

AUDIO. VISUAL:

Static/Motion - "Constructing a Bridge Rectifier Power Supply"

EQUIPMENT
'Power Supply Components Kit
Multimeter

TECHNICAL MANUAL
6B25 Technical Manual

IT IS HIGHLY

RECOMMENDED THAT THE STATIC/MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTEO ABOVE.
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Narrative Fifteen-IV

NARRATIVE

LESSON IV

Breadboarding and Testing a Solid State Power Supply

Host electronic equipment requires a source of DC. Large, permanently
installed, or semi-portable equipments most often convert AC to DC,
while small, portable equipments frequently use a DC supply from a
battery pack. Some equipments have provisions for choosing either ap_
AC or a DC source.

A power supply is often used to convert (rectify) AC to usable DC.
Some power supplies are very simple, have a few components, and pro-
vide only one or two DC output voltages while others are very complex
and produce a number of different outputs, each of which may be care-
fully regulated to very narrow tolerance limits.

When electronic circuits are assembled for a temporary purpose, "bread-
board" circuits are usually used. The components are not "hard wired"
or soldered, but are simply supported on a base and wired with temporary
connections (usually called "pat:h cords"). This makes it easy to modify
the circuits and to reclaim the components for re-use.

What does "solid state" mean? There ar- two general types of electronic

devices: solid state and tube .(vacuum or gaseous) A solid state device
Is a device other than a conductor that uses magnetic, electric, and
other properties of solid materials as opposed to vacuum or gaseous
devices. Transistors, crystal diodes, and integrated circuit chips
are examples of solid state devices. For more details, see Markts'
Electronics and Nucleonics Dictionary.

You should now gather the following in your carrel:

1. Experiment (EXP. Fifteen-III)'"Breadboarding and Testing a.
Solid State Power Supply."

2. Power Supply Components Kit

3. 6625 Radio Receiver Technical Manual

4. Hu!timeter

You should now view the slide/sound lesson "Breadboarding and Testing
a Solid State Power Supply" unless you have assembled electronic kits
or built circuits before.

THIS COHPLETES THE NARRATIVE FOR LESSON IV, MODULE FIFTEEN. EXPERI-
MENT EXP. FIFTEEN -IV COVERS THE PERFORHANCE OBJECTIVES FOR THIS

LESSON. IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO THE
EXPERIMENT, THIS LESSON IS COVERED BY:

AUDIOVISUALS
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ECP. Fifteen-IV
EXPERIMENT
LESSON IV

r

Breadboarding And Testing
A Solid State Power Supply

Obtain a Power Supply Breadboard kit, and inventory the parts by comparing
them with the'list supplied with the kit.

Experiment Fifteen-11 may be of use when you are inventorying these parts.

You will also need
1. 6825 Technidal Manual
2. Multimeter

As you assemble the Brtboard, install the components on the board and
connect them with small patch wires.

FOR EXAMPLE,

This....

Figure 1

becomes this

(NOTE: Refer to
Page 85, Item 15)

Figure 2

Assembly Procedure

1. Open the 6825 Technical Manual to Figure 6-2. Use this schematic to
guide. you as you wire your breadboard. Refer to Page 57, Figure 3 in
yOur Module 15 for suggested component layout.

2. Lay out the four Bridge Rectifier Diodes. NOTE: The arrow points
towardthe banded end.

3. Use a short patch wire to connect CR3 to CR4. ?ut them one above the
other with the banded ends on the top.

4. With a short patch wire connect CR5 to CR6. Place these diodes (with
their banded ends up) beside the first two on the board.

(36
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5. Using the RXJ000 Scale onthe AN/PSM-4 measure the combined series
resistance of CR3. and CR4; then reverse the meter leads and measure
the resistance in the opposite direction. The resistance should be
very high in one direction (near infinity). and small in the other.

6. Measure the series resistance of CR5 and CR6 in the same way that-
you did CR3 and CR4.

7. Connect the top of CR4 to the top of C.R5 with a short patch wire.
This is the positive side of the bridge.

8. Next connect CR3 (bottom) to CR6 ( bottom). This point is the negative
or ground side of this bridge.

9. Notice in Fig'6 -2 in the Technical Manual that the secondary leads of
. the transformer (T5) are connected into the middle of the bridge. Make

these connections. NOTE: The secondary leads of T5 are red.

a
10. Connect the positive (+) ends of C22 and C23 to R17, one capacitor

to each end of the resistor.

11. Connect the positive (+) end of C22 to the positive (+) end of the
bridge, and the negative (-) end of,the two capacitors to the negative,
(-) end ofthe bridge.

12. Now tonnect,the Zener regulator CR7 into the circuit Be sure the
polarity is correct. The band should le at the positive (+) or upper
end.

13. Next install the bleeder resistor (R18). Connect it in parallel with
CR7.

14. Look at the schematic of the output section (R19, R20, R21, C24, C25.)
Notice that this circuit is parallel to RI8, and that the negative .

ends of both capacitors are connected to ground. Now lay out these
components and connect them into the circuit.

15. As a check of your circuit, see if you can follow a continuous path
for current flow from the bottom of R21 through R21, R20, R19, and R17
to the positive (+), top, side of the bridge. Now +check to see whether
the negative (-) side of the bridge (ground) is connected to the
negative side of each of the capacitors, CR7, and the bottom of P.18
and R21.

if you still are not sure that your breadboard is right, look at Fig. 4
for some more help.

WHEN YOU HAVE COMPLETED THE BREADBOARD TAKE IT TO YOUR LEARNING SUPERVISOR
TO CHECK, THEN GET THE INPUT POWER CORD. NOW DO STEP 16 OF THIS EXPERIMENT.

""
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EXP. Fifteen-IV

16. Now before plugging the power cord into an AC outlet, connect the
power cord to your breadboard power supply using the two short
patch wires remaining (fig. 4)..

17 The following steps could result in personal injury or loss of life
if not correctly followed.

Next plug in the power cord to the receptacle in your study carrel.

WARNING a LETHAL VOLTAGES PRESENT
18. Set the VOM to measure DC voltages.

19. Connect the (+) meter lead to junction of R18 and R19 (TP5) and the
(-) meter lead to ground; meter should indicate 9.1 VDC + 10%.

20. Connect the (+) meter lead to the junction of R20 and C24 (TP6) and
the (-) meter lead to ground; the meter should indicate 8.8 VDC + 10%.

21. Connect the (1) meter lead to the junction of R21 and C25 (TP7) and
the (-) meter lead to ground; the meter should indicate 8.6 VDC + 10%.

22. Remove the meter leads and de-energize the breadboard power supply.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN SEE YOUR LEARNING SUPERVISOR.

23. Remove components from breadboard and restore your power supply
breadboard kit.

THIS CCIPLETES THIS EXPERIMENT. PROCEED TO LESSON V.

9
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MODULE FIFTEEN

LESSON V

INPUT-CONVERSION-OUTPUT (ICO) CONCEPTS
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Overview Fifteen-V

OVERVIEW
LESSON V

Input-Conversion-Output (ICO) Concepts

In this lesson, you will learn what ICO is and how you can apply
this simple concept to aid you in effectively troubleshooting. In

addition you will:

-apply the Input-Conversion-Output concept to electronic components
and circuits.

-Interpret block diagrams.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON THE
NEXT PAGE
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Study Resources Fiftecn-V

LIST OF STUDY kESOURCES
LESSON V

Input-Conversion-Output (ICO) Concepts

To learn the material in this Lesson, you mar use:

STUDY AND PROGRESS CHECK BOOKLET

Lesson Narrative

REFERENCES

Electronics and Nucleonics Dictionary, Markus
EIMB

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE
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Narrative Fi.fteen-V

NARRATIVE
LESSON V

Input-Conversion-Output (ICO) Concepts

input-ConversiOn-Output is not a new idea for you. An automobile
has an input of fuel and air and an output ofmechanical motion. The
engine and drive train must convert the chemical input to the mech-anical
output.

A musician playing a piano can be thought of in the same way:
The musician moves his fingers skillfully over a keyboard, (Input)
The keys are connected to hammers which strike tuned strings.
The vibrating strings set air in motion to produce sound. (Output)



Narrative Fifteen-V

In many cases, a mental exercise like this is not especially useful - -

until something goes wrong in the conversion process. When this happens,
the output changes and we are likely to be unhappy with the result.

In electronic circuits, the input-conversion-output (abbreviated ICO)
concept is extremely important to the technician because it tells him when
something is wrong in the conversion process. It is also a powerful tool in
helping to locate the fault.

In this Lesson you will:

-apply the input-conversion-output concept to electronic
components and circuits

-interpret block diagrams

All electronic equipment--no matter how complex--is composed of one or
more of the 1,asic circuits you will study in the next few modules. You

will learn about the types of circuits and you will pre 'ice using test
equipment and repair techniques.

The training devices you will work with will include all the common
circuit configurations in solid state versions (we will deal with vacuum
tube versions a little lacer). The basic circuit TYPES you will become
familiar with are:

1. POWER SUPPLIES - convert AC line voltages to AC or DC OPERATING
voltages.

2. REGULATORS - stahilize the OPERATING voltages against input or
output fluctuations.

3. OSCILLATORS - generate continuous SIGNAL voltages from OPERATING
voltages.

4. AMPLIFIERS - increase SIGNAL power.

5. TRANSDUCERS - change ENERGY from one FORM to another (motors,
meters, or loudspeakers convert electrical energy to mechanical
energy; crystals do the oppos..e; lamps convert electrical
energy to light and heat).

And of course, there's a whole bunch of things (like wires, cables,
switches, plugs, etc.) needed to CONNECT the SIGNALS between CIRCUITS
and TRANSDUCERS.



Narrative Fifteen--V

Here is a simple block diagram showing applications for three of these
basic circuits:

A. POWER SUPPLY
B. AMPLIFIER
C. TRANSDUCER.

115 VAC
LINE
VOLTAGE

BLOCK DIAGRAM OF PHONOGRAPH

RECORD

CKT# 2
CRYSTAt.

REGULATOR

LOW LEVEL
SIGNAL

STABLE
OPERATING
DC VOLTAGES

CKT # 3

NIGH
LEVEL
SIGNAL CKT #4

SPEAKER

NEEDLI

TURNTABLE

{-$

Now match the following circuits with their general classifications.

CKT #1
CKT #2
CKT #3
CKT #4

A. POWER SUPPLY
B. AMPLIFIER
C. TRANSDUCER

CKT #IA

CKT# 2C

CKT #3B

CKT #4C
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Now let's apply the ICO concept to our phonograph.

115 VAC
LINE
VOLTAGE

STABLE
OPERATING
OC VOLTAGES

Fifteen-V

if you turn your record player on and find it won't make a sound, you will
try to find out what is wrong with it.

One of the first things you will notice is whether or not the record is
turning. If it is, then you have eliminated the turntable P.: the possible
.trouble. Next we measure the signal voltage at Point A, and find a low
level signal there with our meter. Now, what can we say about the crystal?
Is it good or bad?

Ths crystal is _good.

Next we measure the signal at point B. If we find no (zero) signal
here what might be wrong? List on a separate sheet the blocks that might
have failed. (lint: The ampiifier has more than one input.)

A. P9WER SUPPLY D. CRYSTAL

B. REGULATOR E. AMPLIFIER

C. TURNTABLE F. LOUD SPEAKER

66



Nz-rative Fifteen-V

A. POWER SUPDLY
e. REGULATOR
E. AMPLIFIEr

What you are doing known as TROUBLESHDOT1NG. Tracing signal voltages
and trying to isolate a failure to a specific circuit type will be one of
your major jobs.

WHAT THIS COURSE WILL DD:

Develop your skills as a technician by a series of learning exercises
which will:

DEMONSTRATE "each needed KNOWLEDGE and each practical SKILL."
Give you:

PRACTECE "Using each skill and knowledge until you are
confident."

and (finally):
EVALUATE "Your ability to use the skills and knowledge,

to prdve your qualification to progress in
the course."

IF YOU FEEL THAT YOU HAVE UNDERSTOOD THE INFORMATION IN THIS LESSON YOU
HAVE COMPLETED MODULE FIFTEEN. THERE IS NO MODULE TEST FOR FIFTEEN,
YOUR LEARNING SUPERVISOR WILL EVALUATE YOUR EXPERIMENTS AND MARK AN ADMINI-
STRATIVE FORM.
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MODULE SIXTEEN

ASSEMBLY AND REPAIR TECHNIQUES

STUDY AND PROGRESS CHECK BOOKLET
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Overview Sixteen

OVERVIEW
MODULE SIXTEEN

Introduction to Printed Circuit Card
Assembjy and Repair Techniques

This Module is designed to provide instruction and practice in solder-
ing on printed circuit cards. You will practice the techniques using the
proper tools for the job by reconstructing the power supply you "bread-
boarded" in Module Fifteen on a printed circuit card and testing the fin-
lshed product. In addition, you will use a logical troubleshooting
technique to locate faulty components which will, then be replaced. To

help you learn and practice these skills, this module has been divided
into three less'Nn.

Lesson I - Basic Soldering on Printed Circuit Cards
Lesson II - Printed Circuit Card Power Supply Assembly

and Testing
Lesson III - Troubleshooting the Power Supply Using

the Six-step Troubleshooting method



. MODULE SIXTEEN

LESSON I

BASIC SOLDERING ON PRINTED CIRCUJT.CARDS
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Overview Sixteen -1

OVERVIEW
LESSON 1

Basic Soldering on Printed Circuit Cards

The name of the game is "troubleshoot and repair." You are being
trained to isolate and repair malfunctions in the equipment your rating
is responsible for. Soldering tools use heat and liquified metal to
remove and replace faulty components. Properly controlled, heat can be
used tveake effective repairs; improperly used, heat can destroy elec-

tronic'components.

In this lesson you will learn how to solder and de-solder co&ponents
on printed circuit card connection points called "pads." You will learn

about:

- soldering tools and equipment
-soldering tec:Iniques
- de-soldering techniques

Be sure you follow directions carefully.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE.
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Study Resources Sixteen-I

LIST OF STUDY RESOURCES
LESSON I

Basic Soldering on Printed Circuit Cards

The following material is available for this lesson.

STUDY AND PROGRESS CHECK BOOKLET
Lesson Summary
Experiment, EXP. Sixteen-I "Basic soldering on printed circuit cards."

AUDIO VISUAL
Static/Motion - Basic Soldering I "Tool Identification"

Static/Motion -.Basic Soldering II "Component Replacement"

IT IS HIGHLY

RECOMMENDED THAT THE STATIC /MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

IF YOU HAVE HAD SIGNIcICANT EXPERIENCE IN PRINTED CIRCUIT CAW) ASSEMBLY

AND REPAIR, SEE YOUR LEARNING SUPERVISOR.
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Summary Sixteen-1

SUMMARY
LESSON I

Basic Soldering on Printed Circuit Cards

In this Lesson you will learn to solder on printed circuit cards
using the latest soldering/de-soldering techniques.

In order to produce effective solder connections on printed circuit
cards, proper tools and techniques must be used. The most important

steps are:

a. Cleaning leads and connectors.

b. Forming or bending leads.
c. Positioning and holding components.
d. Using the proper soldering tool.
e. Using heat sinks.
f. Application of heat and solder.
g. Trimming excess lead wires.
h. Inspection and testing.

In addition, when components are being removed, proper de- solderer toots

and techniques must be used.

VIEW A/V "BASICIOLDERING 1" AND "BASIC SOLDERING II" BEFORE COMPLETING
EXPERIMENT EXP. SIXTEEN-I.
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EXP.

EXPERIMENT.
LESSON

Basic Soldering on Printed Circuit Cards

Materials: 1. Practice card.
2. Soldering Kit.

Sixteen-I

Inventory Soldering Kit, using "Soldering Tool Inventory List" below.

SOLDERING TOOL INVENTORY LIST

1. 6" long nose pliers

2,, 4" long nose pliers

3. Diagonal cutting pliers

4. 6" wire bending pliers

5. 4" wire bending pliers

6. Clock tweezers

7. Self-closing tweezers

8. Anti-wicking tool

, 9. Soldering iron and stand

10. Solder removing tool

11. File

12. Heat Sinks

13. Solder

14. Wire stripper

15. Work position stand.

16: Toot box

17. Cleaning brush

18. Cleaning solvent

19. Liquid flux

20. Rubber Eraser
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EXP. Sixteen-I

A. De-soldering components:

PROCEDURE:
1. Layout and inventory the soldering kit.

2. If there are any missing parts, see your Learning Supervisor.

3. Plug in the soldering iron and place it in the soldering iron
stand.

4. Place the practice PC Card in the work positionar foil side up.

5. Wipe the tip of the Feated soldering iron quickly across the
dampened sponge.

6. Cock the solder removing tool.

7. Place the tip of the iron so that one surface of the tip touches
the lead of the resistor and another surface touches the pad.

SOLDERING IRON

LEAD

fl SOLDER
Figure 2

8. As the solder begins to melt, position the solder removing tool
directly over the pad and press the release button. {WARNING: Aim
the plunger away from your body when pressing the release button.)
Repeat this process until all solder is removed from The pad.
Usually two passes removes all the solder. To avoid overheating
the connection, remove the soldering iron as soon as you have
completed thG pass with the solder removing tool.

9. Repeat steps 4 through 8 for the ::.ther lead of the resistor.

10. Move the printed circuit card to the vertical position.

76 Si?
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Sixteen-1

11. Vith the long nose pliers grasp the resistor in the center.
Place the tip of the iron against one pad and gently lift'the
lead from that pad. Repeat this process for the other lead.

S. Soldering components:
PROCEDURE:

1. Straighten the leads of the new resistor by using the flat edges
of the long nose pliers to remove any kinks. Do not scrape or
nick the leads. The leads should point straight out from the
body of the resistor.

0

2., Clean the leads with a slotted rubber eraser by drawing the leads
through the slot until they are bright and shiny.

3. Use the self-closing tweezers to dip Tile leads into the ciean,ng
solvent. ReRtRmEamy remaining grease or grime.

4. Grip the resistor with the self- closing tweezers and .enter the
component between the pad eyes.

5. With the wire bending pliers, grip the lead at a point directly
over one of the pad eyes.

6. Remove the self-closing tweezers and make a 90° bend in the lead.

7. Make a 90° bend at the proper point on the other lean. Be careful
not to contaminate the leads with oil or grease from your fingers.

8. Place the leads of the resistor through the holes in the pad eye
until the resistor body comes in contact with the card. The leads
should fit smoothly without binding. Use the self-closing tweezers
to hold the component in place.

9. Turn the PC Card over so that the foil side is up.

10. .scrub the pad eye areas and the leads with the brush and cleaning
solvent. Allow sufficient time for the area to dry before sold-
ering. CAUTION: Whenever using the brush and solvent, be care-
ful not to splash solvent in your eyes.

11. Obta'n solder and straighten one end to approximately 3 inches.

12. Wipe the tip of the iron across the dampened sponge and apply the
iron to the lead and pad simultaneously as was done curing desni-
dering.
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Sixteen-I

13. Apply the solder to the connection, not the iron.

SOLDERING IRON

LEAD

SOLDER

Figure 3

14, When the solder starts to melt, feed only enough solder to com-

pletely and uniformly surround the !cad.

15. Remove the solder and allow the iron to remain until the solder

completely flows over the connection and has a smooth shiny sur-

face. Quickly withdraw the iron.

16. Repeat steps 12 through 15 for the other lead.

17. With the diagonal cutting pliers (dikes) cut the component leads

off at the point where they emerge from the solder.

18. Scrub the pad eye areas with cleaning solvent to remove all traces

of flux.

C. De-soldering and .-oldering capacitors.

PROCEDURE:

1. The basic technique outlined in sections A and B of this Job

Sheet apply for all componoias.

2. Remove and replace the capacitor.

D. Heat Sensitive compomnts:

Diodes, TransistorF, Integrated Circuit Chips.
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S ixteen- I

PROCEDURE:

I. When working with heat sensitive comoonents, care must be taken
not to damage them with excessive heat. The chance of heat damage is
reduced by placing a heat sink on the lead between the body of the
component and the tip of X-Tron during both the de-soldering and
soldering. Ensure good contact is made.

2. Remove and replace the diode.

UPON COMPLETION OF STEP 02., TAKE THE CLAPLETED CARO TO YOUR LEARNING
SUPERVISOR FOR INSPECTION AND CRITIQUE, THEN CONTINUE ON TO LESSON

79



MODULE SIXTEEN

LESSON II

PRINTED CIRCUIT CARD POWER SUPPLY ASSEMBLY AND TESTING
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Overview Sixteen-II

OVERVIEW
LESSON II

Printed Circuit Card Power Supity Assembly and Testing.

In Lesson II yc, will get a chance to put to practical use ths
soldering theory you have learned. In Module 15 you assembled a
breadboarded power supply. in this lesson you will be provided a kit
for assembling that same power supply to enable you to obtain more
practical everierce. To determine if you have constricted this power
supply correctly, you will insert it in the 6625 Radio Receiver. lf,,

after energizing the 6625, there is sound comilp from the earphones and
the power supply output voltages agree with.the technical manual,-you
can assume the power supply is functioning property.

In this lesson, you will

-use soldering tools and equipment
-solder all components using proper safety requirements
and component polarity
-test output voltages

Be sure you follow d!rections carefully.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE.
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Study Resources Sixteen-II

LIST OF STUDY RESOURCES
LESSON II

Printed Circuit Card Power Supply Assembly and Testing

The following material is available for this lesson.

STUDY AND PROGRESS CHECK BOOKLET
Lesson Summary
Experiment, EXP. Sixteen-II Printed Circuit card power supply assembly

and testing.

AUDIO/VISUAL
Static/Motion - "Printed Circuit Card Assembly and Testing"

IT IS HIGHLY

RECOMMENDED THAT THE STATIC/MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

iF YOU HAVE HAD SIGNIFICANT EXPERIENCE IN PRINTED CIRCUIT CARD 'ASSEMBLY

AND SOLDERING, SEE YOUR LEARNING SUPERVISOR.
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Summary

SUMMARY

LESSON II

Sikteen-II

Printed Circuit Card Power Supply Assembly and Testing

In this lesson yc will put into practice the soldering theory you
learned in Lesson I. This will be accomplished by building the same
power supply you previtNisly breadboarded on a functional printed circuit

board. You will then test your power supply by plugging it into the 6825
and checking at the earphones for sound and at the power supply output for
proper voltages.

In order to build a power supply that will function properly, you must
adhere to certain requirements and procedures. The most important of
these are:

.a. Use proper soldering tech (diodes are easily damaged
by heat).

b. O bserve proper polarity of.diodes and electrolytic capacitors.

c. Inspect the PC card after completion of soldering.

d, Test the power supply output for proper voltages.

VIEW THE AUDIO-VISUAL PRESENTATION
'

THEN COMPLETE EXPERIMENT EXP SIXTEEN-II

IN THIS BOOKLET.

NOTICE!! THE SOLDERING PORTION OF EXPERIMENT EXP. SIXTEEN-II IS A
PERFORMANCE TEST.

04
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EXP.

EXPERIMENT

LESSON II

S xteen - I I

Printed Circiiit Card Power Supply Assembly and Testing

Materials:
Printed Circuit Card Power Supply kit and inventory list.
6B25 Technical Manual.
Soldering station kit.

A. Assembly of the Printed Circuit Card Power Supply: (Refef to Technical
Manual, F'g. 6-2, for PC Board Layout)

NOME!: THE SOLDERING PORTION OF THIS EXPERIhENT IS A PERFORMANCE TEST.

PROCEDURE,:

1. Inventory the ilrinted circuit card power supply by comparing the
parts with the parts list provided in 6B25 Technical Manual.
Inventory tbd soldering station with the inventory list provided.,
in Experiment Sixteen-I of this booklet.

2. Report any.discApancio to your Learning Supervisor.

3. Place the printed circuit card in the work ,positioner, foi side

down.
r

4. Select the Zener diode from the printed circuit card power supply
kit' and use the procedures youhave previously learned to clean
the leads.

5. Bend the leads of the Zener diode to fit thi pad eyes, and using
. the self-closing tweezers, dip the leads into the cleaning solvent

to remove any oil picked up from your fingers during the bending
procedures.

6. With the self-closing tweezers, insert the Zener diode leads into
the/proper pads directing the diode's band towards the center of

` Ord board. Hold the esiJde in this position with the self-closing
tweezers. DO NOT SOLDER, yet!

7. Select one of the 10 kohm resistors from the kit, perform the
cleaning and lead bending procedures, then insert the resistor
leads, into the proper pads for.11-18.

8. With the resistor inplace; connect the heat' sinks to the leads of
the zener diode between the solder pad and the body of the zener
diode.

9. Rotate the work positioner.

10. Clean the pads and leads and solder both components at the same time
remove the heat sinks.
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EXP. Sixteen-II

H. Clip the leads of both components as close to the solder as
possible. This should be done as you complete the soldering of
each component.

12. Following the same procedures, mount the following resistors:
R21 (10 kohm), R20, (100 ohm) aild RI9 (220 o..m) .

13. Mount R17 and the two 100 uf capacitors, C22 and P23. Use the
same procedure you used to mount the zener diode and the 10 kohm
resistor.

' NOTE: The positive ends of the capacitors will be toward the center of
the board!

4

14. Follow the same procedure for the .ether two IA uf capacitors
(C24, C25). (Don't forget the polarities!)

15. The final step in the installation of components is the one which
regLires the most care in soldering -- the construction of the
bridge rectifier. Look carefully at the picture:

figure 1 figuri 2

Your power supply kit contains ,four diodes. They Are one of the
two types shown in figures 1 and 2. 4

When mounting the diodes shown figure 1 we make two 900 bends
in the lead at the small end and mount them as shown in figure 3.

Jr-1 r 11
fl-

0J. 410.

ti

figure 3

When mounting these to hat diodes, it is imperative that a heat
sink be used to protect the small end of each diodg. Oue to

96
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EXP. Sixteen-II

the large amount of metal on the large end of the diode, a
heat sink will not be needed provided the solder connection is
made quickly.

If your 11,it has the diodes shown in figure 2 you will notice a
ring or band around one end. This indicates the direction the
arrow points (see fig. 2). You will need heat sinks on both
ends of this type diode when mounting (see fig. 4).

tir{.11

figure 4

16. Mount the four diodes using the appropriate soldering and clipping
techniques.

17. Clean all pad eyes with the brush and cleaning fluid provided.

18. Check your card using the check list below. When you are satis-
fied with your power supply soldering job, take this booklet and
printed circuit card to your learning supervisor. He will inspect
it using the check list below and certify it.

STUDENT L/S

CHECK CHECK

=1/

1. No cold solder connections.

2. No excessive solder on the connections.

3. Properly bent and clipped leads.

4. No rosin residue.

5. No lifted pads or foils.

6. No cracked solder connections.

7. Good electrical characteristics of the components
(i.e., diodes not shorted or open, resistors of
indicated value, etc.)

SOLDERING SATISFACTORY:

L/S Signature
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EXP. Sixteen-II

B. Testing the Printed Circuit Card Power Supply.

Afteriehe Learning Supervisor has certified your board:

1. Ensure that the radio chassis is unplugged and the ON-OFF switch
is OFF.

2. Plug the printed circuit ce.;1 into the proper connector, aligning
the pins of the connector with the alignment slots ,:ut into the
card, and plug in the line cord. .D0 NOT ENERGIZE!

3. Set the multimeter to read +DC volts.

4. Clip the negative lead from the multimeter to the radio chassis.
This is the ground connection which will remain in place for
all voltage readings.

5. Energize the 6B25 Receiver and measure the following voltages:

a. TP5 to ground. This point should read approximately 9.2 VDC.

b. TP6 to groilnd. This point should read approximately 7.6 VDC.

c. TP7 to ground. This point should read approximately 7.5 VDC.

6. If the correct voltages are not present at the indicated test
points, see your Learning Supervisor.

7. If your voltages are correct, tune the 6B25 to the station of your
choice, then listen to a melodious tune for a while.

8. Desolder all power supply components except the transformer and
clean up the P.C. board for the next student.

9. Completely secure your work area and test equipment. Take your
desoldered P.C. board and this booklet to your Learning Supervisor
when completed.

Desoldering Satisfactory:
L/S Signature

GO TO LESSON SIXTEEN-III, "TROUBLESHOOTING THE POWER SUPPLY USING THE
SIX-STEP TROUBLESHOOTING METHOD".
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MODULE SIXTEEN

LESSON III

TROUBLESHOOTING THE POWER SUPPLY
USING THE SIX-STEP TROUBLESHOOTING METHOD
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Overview Sixteenill

OVERVIEW
LE ;SON ill

Troubleshooting the Power Supply Using the Six-step Troubleshooting Method

In order to effectively troubleshoot a piece of equipment a logical

sequence of steps called te "Six-step Troubleshooting Procedure" is

used. When properly followed these steps can save a lot of time and con-

fusion for the technician.

In this lesson you will learn:

-the six-step troubleshooting procedure
-how to combine steps when troubleshooting small equipments
-how to use a flow diagram to_troubleshoot
-how to use the half-splitting method to troubleshoot

4,

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE

Ito ,139
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LIST OF STUDY RESOURCES
LESSON III

Troubleshooting the Power Supply Using the Six-step Troubleshooting Method

The following material is available for this lesson. You may choose,
according to your needs and past experience, from

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narrative
Experiment EXP. Sixteen-III: Troubleshooting the power supply using

the six step troubleshooting method.

INFORMATION SHEET:
Information Sheet I.S. Sixteen-III: Troubleshooting the Power Supply

using the Six-step Troubleshooting
method.

TECHNICAL MANUAL:

6825 Radio Receiver

O

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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Narrative

NARRATIVE

LESSON ill

Sixteen-Ill

Troubleshooting the Power Supply Using the Six-Step Troubleshooting Method

You have now completed the assembly and testing of your printed circuit
power supply card. Your printed circuit card may or may not work. If it

does, you will be issued a faulty card to troubleshoot; if it doosn't, you
will find out why. First, read this lesson for helpful hints tnen follow
the instructions at the end of the lesson for practice in logical trouble-
shooting.

Lee's analyze the two terms "logical" and "troubleshooting". Webster de-
fines "logical" as: "Necessary or to be expected because of what has gone
before; that follows as reasonable." What this really means is to arrive
at a conclusion, using small steps that are closely related. Now for the
teem "troubleshooting:" This, in a nutshell, means locating a trouble or
malk7ction and correcting it by the most efficient and fastest method.

The Navy utilizes the "Six-step Troubleshooting Method," which naturally
has six clearly defined steps. The following is an outline of these steps
and a description of each.

STEP 1: Symptom Recognition

Just by the title alone you might think this one is "gedunk." Well --

most of the time it is. Usually it is very easy to determine that the gear
is not working properly, but you cannot rely on hearsay. You must determine
for yourself that a problem really exists and that not just another "operator
error" has been made. (This occurs quite often.) Then, there is the problem.
which is not quite so easy to recognize. Here is where past experience and
knowledge really lend a-helping hand. Once you are sure that a problem
exists, you are ready for the next step.

STEP 2: Symptom Elaboration

S-T-O-P ! ...Don't gq running for all the test equipment and reference
material you THINK You may need. This will come in due time. Symptom
elaboration is simply checking any meters, or front panel indications avail-
able on the equipment itself. Most equipments have some form of built-in

test features. Utilizing your background knowledge and these test features,
you may obtain a more detailed determination of the indications or symptoms -

of failure. The elaboration process means "refinement of symptoms." You are
not going to check for symptoms of malfunctions unless they relate directly
to the problem at hand. This will help you get a clearer picture of the next.

step.

STEP 3: List the Probable Faulty Functions

The term "function" is used here to denote an operation performed by a
-specific area of an equipment or system. Generally each major equipment has

one or more functions to perform. What this means is that we are now using
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logic to get us in the "ball park." The "ball park" is thespecific area(s)
that the problem may be in. In this step it is important to eliminate as
many areas (functions) as possible. You now have a list of probable faulty
functions. To determine the malfunction you have to eliminate all of the
items except the one that is faulty. Now, you're getting close to the
problem."

STEP 4: Localizing the Faulty Function

So. e areas may be tested more rapidly and easily than others. These
should be eliminated first. After selecting the,order in which you
will test, proceed to check the OUTPUT of each area or whatever test
points are available for that particular area. After the test you will
arrive at one of three conclusions:

(1) This is where the trouble is.
(2) This is where the trouble 'ain't."
(3) This and an associated function is where the trouble is.

Whatever your conclusion, you have discovered information that can be
used to help you eliminate areas or functions. These tests are continued
until the single faulty area is identified. You have narrowed the trouble
to a small fraction of the total number of circuits. Next comes the step
of troubleshooting the faulty circuit.

STEP 5: Localizing the Faulty Circuit

AP Generally you will use one of two methods. Depending on the type of
equipment, one method may be more useful than the other.

(1) BRACKETING - You will put brackets at the known good input(s)
and at the bad output(s), make a test between them, move the
brackets one at atime, and make further tests in the new bracketed
areas. 'Tlvis process is repeated until the problem is isolated.

,(2) HALF-SPLITTING - This technique operates by taking a faulty area,

splitting it in half, and checking at the half-way point to see if
the operation is correct at that point. If it is, we have eliminated
the circuitry up to this point and wenow know that the problem is '

in the circuitry following the mid-way point. Now, split the half
that is known to be bad again. This process is repeated until the
faulty circuit is isolated.

In actual practice, you will probably combine these two ?approaches

to solve your problem.

STEP 6: Failure Analysis

Once we have found the malfunction, we could just replace the bad component
and return the gear to service. But suppose it happens again? We must de:er-
mine why the malfunction occurred and set up some method to prevent its happen-
kg again. Something might be worn, old, improperly adjusted, or something

else may have caused the ;allure.
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When troubleshooting the bad power supply cards, you will be required
to use this six-stepitroubleshooting method. First we have to determine
whether or not the radio is working. Is there any sound from the headset?
Is the power cord plugged in? Is the volume control turned up sufficiently?
These are all examples of questions you should beIsking yourself. This -

is an example of Step 1,. Symptom Recognition - "Does it work?"

Since the power supply is a small unit and is normally thought
of as Fart of a system, we can incorporate or combine several of the six
steps. For example, sops 2, 3, and 4 may be combined in this instance.
"Why?" you ask. Since the receiver has" no front panel meters, dials,

It etc., not muth of Step 2, Symptom elaboration, need be utilized. Step 3,
List the probable faulty functions, is not., needed because the radio

worked when the good power supply card was installed.

The same logic applies for Step 4, Localizing the Faulty Function. You /-
know it's the power supply card, so there is no need to localize it.

./

I it
VAC

Now let's look at a functional block diagram of the Power Supply.

RECUT *TOR -to- OUTPUT

1111.11111116

Each block represents some circuitry in which the problem may lie.
Step 5, Localizing the Faulty Circuit, is where you will determine
which circuit is causing the problem.

To Localize the Faulty Circuit, the BRACKETING method or HALF-SPLITTING,
method is used. Let's use the HALF-SPLITTING method to isolate a faulty
circuit in our Power Supply. Refer to the schematic diagram on the next
page. In a.hypothetical case, let's pick TP-3 as our first test
polht since it is approximately be half-way point in the function

circuit. We find 9.1 VDC at this point and by referrilly to the
technical manual we can see that this voltage is correct. We know
now that -our problem must be in the circuitry following TP-3. Now

we half-split the determined faulty area and take a voltage read-
ing at TP-4. Once again we find 9.1 VDC, which is correct, so
the problem musr be in the circuitry following TP-4. Our next
logical test point using the half - splitting method is TP-5 and again

we find the correct reading of 9.1 VDC. At this stage we are fairly
certain that the problem must be in the output circuit. Let's confirm
our suspicion, though, and half-split the output circuit. By taking
a voltage reading at TP-7 we find zero volts instead of the 7.6. VDC
that the technical manual. calls for. Suspicion confirmed! We have
just completed step 5 and Localized the Faulty :ircuit which in this
case is the output circuit.

104 93
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it must be noted here that even though.TP-3, TP-4. and TP-5 can

be considered ong and the same test point since there are no com-
ponents between themschematic diagrams often show test points in

thii manner for the purpose of testinP4i.ring or foil strip contin-

uity. .
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POWER SUPPLY

Now, we mus4ompleteStep 6, Failure Analysis, and find the bad com-

ponents. We.kan use either resistace or voltage measurements. We

will use the resistance method becaUs is the best way to determine,

whether or not a component is good. Sometimes it is necessary to unsolder

acomponent in order to make a resistance measurement. If thcomponent
checks good, re-solder it and check another one until the faulty component

has been found. In our hypo5petical pro;)lem, we would,find R-19 to be open:-1(

After the bad component is found and replaced, we must determine why

the malfunction occurred and take action to prevent it's-happening

again. Let's say, for instance, R-I9 opened because of an. incorrect
potentiometer setting somewhere in the radio. It is not enough just

to find and replace R-19 but you must also find and correctly adjust

The potentiometer. After all this has been completed and the radio
is once again operating properly you can take pride in a job well done.

THIS COMPLETES THE NARRATIVE FOR LESSON Ili, MODULE SIXTEEN.

EXPERIMENT EXP. SIXTEEN-I!! IN THIS BOOKLET COVERS THE PEKFORMANCE

OBJECTIVES FOR THIS LESS'oN. EXPERIMENTS ARE A PART OF THE LESSON.

"PROGRESS CHECKS WHICH YOU MAY TAKE AT ANY TIME.

911
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EXPERIMENT.

LESSON 111

Troubleshooting the Power Supply Using, the
Six Step Troubleshooting Method

You are now going to troubleshoot a faulty power supply using a logical
troubleshooting method to isolate the trouble to a single component.

MATERIALS: - 6B25 Radio Receiver
- Prefaulted printed circuit power supply card
- Multimezer
- Technical Manual for 6B25 Radio Receiver

NOTES: 1. A schematic and Block Diagram of the Power Supply can be
found on the last page of Narrative Sixteen-Ill.

2. There is also a Flow (Logical Decision Making) Diagram,
Information Sheet I.S. Sixteen-111, in this Booklet to help
you in applying the half-splitting method of troubleshooting.

3. Flow diagrams are always read from the top down and from
left to rjght unless arrows show otherwi%e. This diagram
may be used to check your progress as you executethe nec-
essary tests. Each time you make a test, follow the results
on the flow diagram. A circle with a letter inside tells
you to go back to the beginning and test again. This will
enable you to find any other trouble which may be in theunit.o

PROCEDURE:

ENSURE THAT THE 6625 IS DEENERGIZED

Remove the power suppl) printed circuit card and insert a,prefaulted
power supply card.

Energize the 6B25 Radio Receiver and record the results of your tests
in the spa:es provided.

1. Measure the voltage at TP 5.

A. if)this voltage is correct go to step 2.

B. If this voltage is Wrong go to step i..

2., Measure the voltage at TP 6.

A. if this voltage is correct go to step 3.

B. If this voltage is wrong deenergize the device and troubley
shoot the 7.9 V output; go to step 7 and follow the direc-

tions given.

106 95
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3. Measure the voltage at TP 7.

4

Sixteen-III

A. If this voltage is correct the power supply is supplying
all requ.ired voltages.

4 B. If the voltage is wrong deenergize the devic9 and trouble-
shoot the 7.6 V output) go to step 7 and fallow the direc-
tions give::.

4. Measure the voltage at TP 2.

A. If this voltage is correct go to step 6.

B. If this voltage is wrong go to step 5.

5. Measure the voltage at TP 1.

A. If this voltage is correct, deenergize the device and trouble-
shoot the rectifier circuit; go to step 7 ard follow the direc-,
tions given.

B. If this voltage is wrong deenergize the dc,ice and trouble-
shoot the input of the power supply; go to step 7 and follow
the directions given.

6. Measure the voltage at TP 3.

A. If this voltage is correct look for an open circuit between
TP 3 and TP 5 (they should be the same point electrically);
go to step 7 and follow the directions given.

- B. if this voltage is wrong deenergize the device and trouble-
shoot the regulator and filter; go to step 7 and follow the
directions given.

7. What is the faulty block?
Go to step 8.

BE SURE THE DEVICE IS UNPLUGGED!!

8. After you have id,.,)tified the faulty block, inspect the compo-
nents for burr' resistors, leaking capacitors, frayed'wiring
open conmctions, etc.

If you fail to visually locate the faulty component you
must check the resistance of the components and compare their
values with the correct values which can be found in the tech-
nical manual.

Notice that if you measure TP5 to ground'and find zero ohms
(5 short to ground) the casualty could still be C 23, CR 7,
R 18.or the 9.2V output. in order to itplate the malfunction
to a specific component each component must be removed from the

circuit and tested.... BUT

96
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EXP. ' Sixteen-III

YOU WILLWILL NOT REMOVE ANY COMPONENTS FROM THESE PRINTED CIR-
CUIT CARDS. IF YOU CANNOT ISOLATE THE CASUALTY TO A SPECIFIC
COMPONENT, STATE WHICH ONES COULD BE FAULTY!!

The faulty components) is/are

WHEN YOU HAVE FOUND THE FAULTY COMPONENT TAKE THIS EXPERIMENT AND
THE PREFAU4!ED CARD TO YOUR LEARNING SUPERVISOR.

YOU OW CCM °LETED THIS MODULE. THE PERFORMANCE TEST WILL
REllUb ' : SAME SKILLS AS THIS EXPERIMENT. IF YOU FEEL THAT TFE
RESULT. THIS :XPER1MENT INDICATE THAT YOU ARE READY TO TAKE THE
END OF MuDULE PERFORMANCE TEST, SEE YOUR LEARNING SUPERVISOR. IF

YOU FEEL YOU NEED FURTHER STUDY BEFORE TAKING 1HE PERFORMANCE TEST,
YOU MAY REVIEW ANY ?ART OF THIS MODULE.

0
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INFORMATION SHEET

LESSON III

Flow Diagram For Troubleshooting The Power Supply
For The Six Step Troubleshooting Method
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Overview Seventeen

OVERVIEW
MODULE SEVENTEEN

Introduction to the 6B25 Training Device

This module is designed to acquaint you with the basic radio receiver
and the test equipment required to maintain this receiver. In addition

you will learn to "signal trace" and "troubleshoot" an AF amplifier
using the ICO concept. This sounds like quite a lot, but 1 assure you,
once you have mastered the troubleshooting techniques and the use of
test equipment, the door to electronic equipment repair is wide open
and can never be closed again. To help you learn and practice these
skills, this module has been divided into five lessons:

Introduction 6B25 Radio

Lesson I Using the Signal Generator

Lesson II Obtaining a Line Trace

Lesion III Signal Interpretation

Lesson IV AF Amplifier ICO Signal Tracing

Lesson V Troubleshooting an AF Amplifier

1 I...2
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MODULE SEVENTEEN

INTRODUCTION 6825 RADIO

Scventeen

Have you ever wondered just how a radio receiver works? We all know
that a radio station transmits (broadcasts) their programs and the radio
receiver picks-up the broadcast. The receiver's antenna takes this
signal and sends it to the electronic part of the radio. The electronic
part of the radio "does somethirf that puts sound out of the speaker or
headset.

a



Introdqction Seventeen

Tile purpose of these modules is to provide you with an opportunity

to apply some of your previous training in electronics to actual "real
life" electronic circuits. You will be introduced to new technical terms
and concepts, general radio operation, schematics, a typical Navy Techni-
cal Manual for a specific radio receiver, and the tools and test equip-
ment necessary to isolate and identify primary circuit malfunctions or
failures. Upon finishing the "How to do" and the "What to do" portion
of these modules, satisfactory completion of all module objectives will
be indicated by your passing a radio receiver system 6825 troubleshooting
performance test. Although you are not expected to become an instant
master radio repairman--these modules will be a giant step forward in
repairing any type of electronic equipment.

The various electronic circuits and their functions cannot be clearly
understood without the use of test equipment. As a technician your pri-
mary job in the fleet will be the repair and maintenance of electronic
equipment. To p'rform your job well, you must learn how to troubleshoot
your equipment. Test equipmentL100 key., It is easy to determine
that a radio does not work when you cannot hear any sound, but in orier
to fix it, you must isolate the part that failed.

A thorough knowledge of test equipment's capabilities and techniques
for proper use are the technician's most important tools in troubleshooting
electronic equipment.

A type of test equipment commonlymonly found n the fleet is an oscillo-
scope. Using a technique called signal, tracing, you will use the
oscillocope to troubleshoot the radio receiver. The oscilloscope
(sometimes called an "0" scope) has a screen similiar to a TV. It is

used to display the waveforms that are found in the different circuits
of the radio receiver. This is a great troubleshooting device because
if we know what waveform we should have, then we can compare it to the
waveform we actually have.. 44 it is the same, the radio must be working
up to that point. On the other hand, if It is not the same, as shown
below, something must be bad before that point.

A. What we expected to find
MINIM

PPP

moot.'

ETON.
np,r+ 1)1i I trill 0

uill$4jUllAkirlOVO'mink§
Milli MEI

B. What we actually found '

4
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The multiweter cannot tell us that a difference exists between these
waveforms. It we had used it to try to find the trouble, it is likei,
that we would have missed this malfunction.

Another common type of test equipment is the signal generator. With
a signal generator a technician can obtain a known frequency at a known
modulation and amplitude. By applying this known standard to a circuit
component and then observing the output with an oscilloscope, the tech-
nician can determine if the circuit is functioning correctly. The
technique of using the signal generator and the oscilloscope will be
developed later.

The electronics of the radio can be broken into sever ol blocks or
stages. Each block or stage performs one major function. A radio system
for sending and receiving signals has been previously broken down to a
transmitter and receiver arid their functions have been identified. Looking
at just the receiver portion of the radio, we can break it up further into
five stages.

The first stage is called the radio frequency amplifier Stage (RF
stage). Radio stations (transmitters) broadcast their programs at
some designated high frequency called a radio frequency (RF). The

antenna picks up this RF signal and sends.it to the RF stage of the
receiver which has the primary function of amplifying (making larger)
the RF signal.

The output of the RF stage of the receiver is of greater amplitude
than the input and is sent to the second stage of the receiver, the
converter stage. The converter stage, as the name implies, changes
(or converts) the amplified RF signal into a lower frequency signal
called the intermediate frequency signal OF signal). The reduction
from the high RF sign.11 to the lower IF signal is done because lower
frequency signals are easier to amplify.

COAVEOUN
MG(------

11,7.)
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The IF signal from the converter stage of the receiver is then sent

to the next stage for amplification. The third stage is calied the IF

amplifier stage. It's function is to enlarge the IF signal receivegl from

the converter.

1110#1411/F

RI

L
. MCI

0

CONYIlifft
SIACI

The amplified IF signal is then sent to the fourth stage, called the
detector stage, which converts the IF signal to an audio frequency signal,
(AF signal).

Ii104000 sisitt 47111-iil1-----.J Si"'

The audio frequency stage (AF stage) amplifies the output of the

detector stage to drive the speaker or headset.

y

You have now been exposed to the five functional stages of the 6625

Training Device. In subsequent instruction you will be given each block

or stage to examine in more detail. In the next lesson you will receive
basic test equipment usage (signal generator and oscilloscope) end a more

detailed breakdown of the AF stage.
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LESSON I

USING A SIGNAL GENRATOR
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Overview Seventeen -1

OVERVIEW
LESSON I

Using Signal Generator for Signal In'ectien

In this lesson you will learn to set up an AN/URM-25 Signal Generator
to inject an audio signal into a circuit. It is imperative that you

understand the use of this equipment fully as the signal generator is
one of your MGSt important tools in 'troubleshooting.

There are several choices of media you may use to effective learn

this subject. If you need any of these sources, do not hesitate to
utilize them to the fullest extent.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE.
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LIST' OF STUDY RESOURCES
LESSON I

Using a Signal Generator for Signal Injection

The following materials are available for this lesson. You may
choose, according to your reeds and past experience, from:

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narrative.

Lesson Summary

AUDIO/VISUAL:
Static/Motion - "Using the AN/URM-25 Signal Generator"

'REFERENCE MATERIAL:
NAVSHIPS 92134(A) Instruction Book for R.F. Signal Generator Set

AN/URM-25

IT IS HIGHLY

RECOMMENDED THAT THE STATIC /MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON. a

YOU MAY VOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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NARRATIVE
LESSON I

Using a Signal Generator for Signal Injection

The AN /URM -25 Signal Generator is a deviCe used to generate audio fre-
quency and radio frequency signals. This device is a very common piece
of test equipment in the fleet. Its primary use is to inject signals
into actual elect.onic circuits for use in troubleshooting. As you may
have learned in the past, troubleshooting is far easier when you have a
known signal inpqt with which to compare the output signal. A

I

In.this lesson you will learn how to set up the AN/URM-25 Signal
Generator to inflect a signal with a known voltage amplitude at a
known, frequency.. The way you will accomplish this is to actually perform
some task while going thtoughthe narrative. Each time the narrative
describes a step, you willdo the same sfbp on the equipment.

GO TO A LAB CARREL TO DO THIS NARRATIVE.

The first thtri5 to do is to remove the front cover of the signal generator
by releasing the four latches.. Then lay the cover to the side. Look at
the power switch - Is it off? If not, turn it to the OFF position. Now,

plug the power cord into a 115V 60 Hz receptacle.

Using the illustration below locate these three controls; Microvolts
Control, Carrier Control (it will be labeled SET CARRIER TO 10 , and
AUDIO OUT. --

0
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11110111111t4110
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Now find these controls on the signal generator. Turn them all Ply
counterclockwise, then turn the power switch to the ON position:

Look ,itthe front panel of the AN/URM-25 Signal Generator and you will
-see that the controls are grouped into roughly two sections. Theraiseth
section on the left side 'f the panel has controls and dials used for
setting the FREQUENCY of the output signal. Any frequency between
10 kHz 64 50 MHz can be selected by setting the Frequen,a Band Switch
(the knob in the middle of the raised section) to the proper band and
tfien adjusting the Main Frequency Tuning Knob (the one near the bottom
of the raised section so that he exact frequency number appears on
either the kilocycle or megacycle dial.

To generate,a 13 kHz signal, turn the Frequency Band Switch so that the
arrow on the knob points to the 10-30 kHz band position. Next, adjust
the More Frequency Tuning Knob until the number 13 appears under the
hairline on the upper dial, Make these adjustments on the signal
generator now.

Note: The alder 'term kilocycle (KC) has been replaced by kilohertz (kHz).

Since we have set the frequency, now alI.we have to do is adjust the
output amplitude. There are two jacks from which we select our output.
The one you choose will depend upon how much output you want. The

RF OUTPUT X 200 K is located almost directly in the center of the
generator. This jack will provide an output of 0-2 V. The other jack
is the RF X-MULT. This jack provides an output of .1 microvolts to 100,000
microvolts and it is located at the bottom right hand corner. Locate both
of these jackson the signal generator. To the immediate left of the
RF OUTPUT X-MULT is the RF MULTIPLIER switch. Notice it has six (6)

positions: X. Xl, X10, X100, X1K, and X10K. This switch will be
used in conjunction with the RF OUTPUT X-MULT jack. The positions and
their functions will be explaT71e3-TUTTY later on in this narrative.
Now set the RF Multiplier Switch to X1K.

Next we will look at the Meter, located in the upper right corner. You

will notice that the Meter has two scales - the upper scale is used to
adjust for signal amplitude and the lower scale is used to adjust for
percent of the modulation.

Immediately to .the left of the Meter is the Carrier-Range switch. This

switch will be set to one of four positions depending upon the output
frequency and the output jack. The four positions are:

X2001( Jack 10KC - 300KC
` 300KC - 50MC

X-MUL1-Jack 10KC 300KC

300KC - 5OMC

Now set the Carrier Range switth on X-MULT 10KC - 300KC to provide

'13 kHz at the X-MULT jack.

108
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Narrative Seventeen

The next control is the Meter Selector switch. This is a five position
switch in the lower right corner. Locate this switch en your signal
generator. The Meter Selector switch must be set in one of the five

positions: - Tor frequency calibration in the higher frequencies;
CW - for a Continuous Wave signal which is not modulated; Ext - for exter-
nal modulation of some frequency other than 400 Hz or 1000 Hz; 400 Hz - for
internal modulation; and 1000 Hz - for internal modulation. We will
use this switch in the CW Continuous Wave) position. Place the Meter
Selector switch in the CW position.

The Audio Out control establishes the percent of modulation when the
Meter Selector switch is in the Ext, 400, and 1000 Hz positions. We
will leave this control turned fully counterclockwise.

The Carrier control sets the level of carrier in the output. It will

always be set to indicate 10 on the Meter when the Microvolts control is

fully clockwise.

The Microvolts control establishes the amount of output amp!itude. To

set the output, first turn the Microvolts control fully clockwise, set
the Carrier control to 10 on the meter's microvolts scale (upper scale)
and go back to the Microvolts control to adjust for the desired output.

. Set the output for 1 microvolt. .

Note: fhe Carrier control setting should be checked eacll time the fre-
quency is changed.

.

Remember the R.r. Multiptiey switch? We se: it on X1K. What this
switch doe's is multipTy the value on the meter by what is shown by the
position of the RF Multiplier switch: (Don't forgct your powers of ten).
Let's see now, 177,17171T/TITiicrovoit bn the meter and the switch

reads X1K that's (1 X 10-6) X (1 X le) = 1 X 10-3 or 1 millivolt.

At this point we should have 13 kHz at 1 millivolt from the R.F. Out-
p_Lit X-Mutt jack. Now for a quick review of the controls:
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1.

2.

3.

4.

5.

6.

,

7.

8.

r

Frequency Band Switch

Main Tuning Dial

R.F. Multiplier

Carrier Range Switch

Meter Selector Switch

Audio Out

Carrier Control (Microvolts fully
cloclo4ise)

Microvolts control

.

s

Seventeen-1.

..

10-30KC

13 kHz

XIK

10KC-300KC-X-MULT
.

4

CW

Fully Counterclockwise

Set to 10

Set to read

s

,

...

.

If you have made the settings correctly, output at the RF X-MULT
jack will be 13 kHz.@ 1 millivolt.

THIS COMPLETES THE NARRATIVE FOR LESSON" 1, MODULE SEVENTEEN.

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE DOING LESSON II,
THIS LESSON IS COVERED BY:

SUMMARY AUDIOVISUALS

. .
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Summary

SUMMARY

LESSON I

Seventeen-1

Using a Signal Generator for Signal Injection

The AN/URM-25 Signal Generator is a piece of test equipment intended
primarily for testing electronic equipment. Test signals, either modulated
or unmodulated, can be generated over la continuous range of frequicies
from 10 kHz to 50,000 kHz.

The 10 kHz to 50 MHz frequency, range is covered by the following eight (8)
bands:

1. 10 kHz - 30 kHz

2. 30 kHz - 95 kHz

3. 95 kHz"- 300 kHz

4., 300 kHz 950 kHz

5. .95 MHz 3.0,MHz

6% 3.0 MHz - 9.5 MHz

.'7. 9.5 MHz - 30 MHz

8. 30 MHz - 50 MHz

Within each band the desired frequency is tuned using the Main Frequency
Tuning Knob.

The voltage output at the RF OUTPUT X-MULT jack is continuously variable
from .1 microvolt to 100,000 711177,-golts providing the probe is
properly terminated. Approximately 2 volts open circuit is available at
the RE OUTPUT X-200K jack. At both of these jacks the voltage may be
varied by meanT57The Microvolts control.

At the RE OUTPUT X-MULT jack the voltage is also variable by means of the
six-step RF Multiplier switch.

1. X.1

2. X 1

3. X 10

4. X 100

5. X 1K

6. 10K



Summary Seventeen-I
0

When initially setting up the AN/URM-25 signal generator or when chang-
ing the output frequency, you must always:

1. rotate the Microvolts control fully clockwise

2. using the Carrier control, set the carrier to 10 on the
Meter microvolts scale

3, using the Aicrovolts control adjust for the desired voltage
output on the Meter

4. Place the Carrier Range switch in the correct position
depending upon the output jack and frequency utilized.

THIS COMPLETES THE SUMMARY FOR LESSON 1, MODULE SEVENTEEN,

IF YOU FEEL THATYOU NEED FURTHER STUDY BEFORE GOING TO
LESSON II, THIS LESSON IS COVERED BY:

NARRATIVE AUDIOVISUALS
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MODULE SEVENTEEN

LESSON II

OBTAINING A LINE TRACE
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Overview Seventeen-II

OVERVIEW
LESSON II

Obtainin9a Line Trace

In the previous lesson you learned how to produce a desired fre-
quency and inject it into a circuit. Now you are going to learn how to
look at that frequency at the input and output of some circuit. Just
what is an Oscilloscope and what does it do?

If we know what frequency and amplitude we are putting into a cir-

cuit, and we know what frequency and amplitude we are supposed to be
getting out of a circuit, we can use an oscilloscope to see whether or
not the circuit is functioning properly.

In this lesson, there also is an excellent audio-visual presentation
of the operation of the oscilloscope. This will be of great help to you
in understanding the function of each control.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE.



Study Resources Seventeen-li

LIST OF STUDY RESOURCES
LESSON II

Obtaining a Line Trace

The following material is available for this lesson. You may choose,
accordin; to your needs and past experiences, from:

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narrative
Lesson Summary
Progress Check P.C. Seventeen 11-I - Obtaining a Line Trace

AUDIO-VISUAL:

Static/Motion - "Obtaining a Line Trace" (Seventeen II-1)

REFERENCE MATERIAL:

NAVSHIPS 95706, Technical Manual for Osci. ,scope AN/USM-140B and
AN/USM-141A

6B25 Technical Manual

IT IS HIGHLY

RECOMMENDED THAT THE STATIC /NOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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Narrative Seventeen-II

NARRATIVE 2"'

LESSON II

Obtaining A Line Trace

In this Lesson, you will operate oscilloscope controls and begin
to learn their names and their functions. As you follow this narra-
tive, you should operate each control after its operation is described.
Near the 'pd. of the lesson you will observe the effect the controls
have on 6e oscilloscope presentation.

An os illoscope is a very complex, precision instrument with some of
the characteristics of a television set. Most of the controls and
adjustments on a television set are pre-set and then protected from
the "knob twisters" so that only the technician can adjust them. The
controls and adjustments on an oscilloscope must be accessible; there-
fore, the operator must be much more than a "knob twister."

When routinely setting up an oscilloscope for use, the first series
of steps is to obtain a line trace--always using the proper procedures.
Even experts use a series of steps to do this instead of a time-consuming
trial and error approach.

Before energizing the oscilloscope, turn the Intensity control fully
counterclockwise. This will avoid excessive intensity of the electron
beam which may damage the cathode ray tube (CRT).

With the Power switch in the "OFF" position, connect and lock the power
cord into its socket on the rear of the oscilloscope case and plug the
other end into a grounded 115v AC outlet. 0

Now turn the Power switch to the "ON" position. The indicator light
should come on, and you should hear the cooling motor running.

Place the black Vertical controls for channels A and B so that the
indicator dots are up. This action will stt these controls near their
mid-range position. Next "click" the red channel A and B Polarity
switches to the "Po4it've Up" position.

Now set the black channel A and B Sensitivity controls to the "one volt
per centimeter" (1 v/cm) positions. Next set the red channel A and
channel B Vernier controls to.the "calibrate" position.

CAUTION: Do not force these Controls! First turn each control counter-
clockwise (CCW) a little bit, then slowly clockwise until iv.

"clicks" into the "calibrate" position.

Now set both the Channel A and the Channel B Input switches to the
"AC" position.



Narrative Seventeen-II'

Next go to the middle portion of the oscilloscope, find the black
Horizontal Display switch and place it in the "Xl" position. Set the
red Vernier control on the same switch to the "calibrate" position,
being careful not to force it.

N,

Got it? Okay, now find the black Sweep Time switch and place it in

the "1 millisecond/cm" position. Set the red Vernier control on the
same switch to the "calibrate" position.

Near the bottom left section of the oscilloscope there are two -.
toggle switches -- Intensity Modulation and Sweep Occurance. Place
these in the "normal" position.

Look to the bottom right now. See the Trigger Level control? Turn
the black control to the "mid-range" or "0" position. Next turn the
red Trigger Slope switch to the "positive" position.

Directly to the right is the black Trigger Source control. Place
it in the "internal" (INT) position. The red Sweep Mdde Control is

then turned counterclockwise until it "clicks" into the "Trigger
Preset" position.

Directly above the Trigger Source control is the Horizontal Position
control. This control will rotate three (3) full turns. Turn the
control fully counterclockwise (CCU) and then rotate it clockwise (CW)
one and one-half (1 1/2) turns--the white dot should be up.

Now find the Scale Light control. This control will be set accord-
ing to room illumination. Go ahead and adjust the control so you can
observe the effect on the graticule or grid of the oscilloscope CRT.
Set the control so that the grids are barely visible.

To the right of the scale light control is the Vertical Presentation
selector. Set the Vertical Presentation selector to "Channel A."

Look to the upper left of the oscilloscope and find the Calibrator
switch. Place this switch in the "OFF" position.

With your left hand, depress the Beam Finder button, located directly
below the Scale Light Knob, and with your right hand increase the
Intensity control until a spot appears. Now, still depressing the
Beam Finder, rotate the red Sweep Mode control located in the lower
right corner, clockwise until the spot broadens into a line. Keep the

Beam Finder depressed and center the trace in the middle of CRT using
the Vertical and Horizontal controls. Since you're using Channel "A",
use the'Vertical Position control for Channel "A". The Horizontal
Position control is used for both A and B channels. Release the Beam
Finder button. Now adjust the Intensity control to obtain a sweep.

1 3
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Narrati4e Seventeen-11

Now that you have a trace you will want to make it as clear and sharp as
possible. To do this. adjust the Astigmatism and Focus controls. Don't
turn either control fully clockwise or counterclockwise and try to
compensate with the other one. It just won't do it.

In order to use the oscilloscope, some means of connecting it to the
equipment being tested must be used. For this purpose there are a
multitude of different connectors with different tips. Since a 10X probe
is often used, you will have to learn how to calibrate one. In the next
lesson, yop will also learn how to use it effectively in voltage measurements.

Probe ,values are read on the sleeve of the probe. 10X is the multiplication
factor of this probe. What this actually means is that the probe attenuates
(divides) the voltage by a ratio of 10:1. When using a 10X probe the voltage
measured with the oscilloscope must be multiplied by 10 to compensate for
the probe's attenuation.

The probe's capacitance is adjustable so that it can be matched co the
oscilloscope with which it is being used. Probe calibration should be
checked daily and adjusted as necessary.

The probe is calibrated by unscrewing the locking 'sleeve (see illustration)
about one quarter (1/4) turn and turning the probe body and tip assembly
as necessary while holding the probe base.

To calibrate the probe, obtain a line trace on the oscilloscope, then connect
the BNC end of the probe to the Channel A Vertical input jack as the below
illustration depicts.
If you have a shielded tip probe, expose the tip by puffing back the spring
loaded shield and hooking the prgbe tip over the ead of it. Now remove the

protective cover from the calibrator VOLTS output jack Hold the probe in
your left hand and touch the tip to the center conductor of the jack.
DO NOT insert the tip into the jack. Inserting the tip will cause conductor

to expand and break.

132
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Turn the Calibrator switch to 20 while holding the probe in the jack.
Now set the Sweep Time, control to .5 millisec/cm. Center the trace
vertically so that the negative peaks are on a grid line. The trace
will have negative and positive peaks exactly 2 centimeters apart and,
if the probe is calibrated, the peaks will be absolutely flat. Note
that the signals in the following illustrations are shown off-center;
this is done to make the drawings easier to see.
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Narrative Seventeen-II

If the probe is over-corrected the sweep will have peaks on the
leading edge (see illustration).

=E'EN ME
111111111111111ffilli
1111111111111111111111111111EMMEN

If your probe is under-corrected the leading edges will be rounded
(see illustration).

'To calibrate the probe, hold the adjusting collar with the right
hand, loosen the locking sleeve about one quarter (1/4) turn with the
left hand. While watching the trace on the CRT, turn the adjusting
collar until the peaks are absolutely flat. Now, slowly turn the
locking sleeve until it is "finger tight." Look at the waveform to
ensure the trace on the CRT hasn't changed while locking the probe.

THIS COMPLETES THE NARRATIVE FOR LESSON II MODULE SEVENTEEN.
PROGRESS CHECK P.C. SEVENTEEN II IN THIS BOOKLET COVERS THE PER-
FORMANCE OBJECTIVES FOR THIS LESSON. 1F YOU WISH TO TAKE
THE CHECK NOW, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL
THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON
IS COVERED BY:

SUMMARY AUDIOVISUALS
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Summary

SUMMARY
LESSON II

Seyenteen-II

Obtainin2 a Line Trace

In order for you to become an effective troubleshooter, you must be
familiar with the operationi of an oscilloscope; therefore, you must
also have a working knowledge of the controls and "their functions. In

many cases troubleshooting is delayed due to a person's inability to use
test equipment effectively. Sometimes a "technician" can't even get a
line trace, so he will not use .an oscilloscope, one of the most helpful

r--
pieces of test equipment.

If you have used an oscilloscope you will probably be familiar with such
controls as Sensitivity, Horizontal and Vertical Position, Sweep Time,
Tri er, HorTiFiriarTrIPlay, Focus, Astigmatism, Intensity, and Channel
Se ector.

Listed below is the suggested sequence of control manipulation for
obtaining a line trace:

1. Intensity - CCW

2. Power OFF

3. Line cord er ATTACH BOTH ENDS

4. Pono4r - ON

5. Channel selector - CHANNEL A

6. Trigger Source - INT

7. Sweep Mode - FREE RUN

8. Horizontal Display - X1 (Internal Sweep Magnifier)

9. Sweep Time - 1 milliseconds/cm

10. Sweep Time Vernier - CW to CAL

11. Sweep Occurance - NORMAL
Intensity Modulation - NORMAL

12. Beamfinder - PUSH
Horizontal Position - Adjust as necessary
Vertical Position - Adjust as necessary
Intensity CW as necessar

13. Intensity - Adjust for clear trace
Focus - Adjust for clear trace
Astigmatism - Adjust for clear trace
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Summary/.

14. Sensitivity - 1 volt /cm

15. Sensitivity Vernier - OW to CAL
-7F

16. Polarity - + UP

17. Input Coupling - AC.

18. Scale light - Adjust as necessary

Seventeen-II

Once you have obtained a line trace, you should weck.your probe to,
ensure that it is calibrated. Use the calibrator output section
of the oscilloscope. If there is not a perfectly flat squpre wave,
calibrate the probe by loosening the locking sleeve apd turning the
adjusting collar to obtain a flat square wave.

THIS COMPLETES THE SUMMARY FOR LESSON 11, MODULE SEVENTEEN.
PROGRESS CHECK P.C. SEVFNTEEN 11 IN THIS BOOKLET 'COVERS .THE

PERFDRMANCE CBJECTIVES FOR THIS LESSON. IT YOU WISH TO.

TAKE THE PROGRESS CHECK NOW, SEE YOUR LEARNING SUPERVISOR.
IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO,
THIS LESSON IS COVERED BY

NARRATIVE AUD10V1SUALS
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PROGRESS CHECK
LESSON II

Obtaining A Line Trace

Seventeen-II

This Progress Check is designed to determine whether or not you can
obtain a line trace within ten minutes.

Turn all the knobs on the face of the oscilloscope' counterclockwise
(cow), then begin timing yourself.

Indicate, in the spaces provided, the settings you made for the indi-
cated control.

Time Started: Time Finished:

1, Sensitivity Control

2. Horizontal Display

3. Sweep Time Control

4. Sweep Occurance

o.
5. Trigger Source

If

WHEN YOU HAVE OBTAINED A LINE TnACE.ON YOUR OSCILLOSCOPE CHECK
YOUR RESPONSES WITH THE ANSWERS-PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH Tes ANSWERS, PROCEED
TO MODULE SEVENTEEN LESSON

IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOI.
et.
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Overview Seventeen-Ill

OVERVIEW
LESSON III

Signal Interpretation

In the previous lesson you learned how to obtain a line trace with the
AN/USM-140 oscilloscope.

In this-lesson you will learn how to interpret wave forms.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE.

'25
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LIST OF STUDY RESOURCES
LESSON ill

Signal interpretation

The following material is available for this lesson. You may choose.,

according to your needs and past experience, from

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narrative
Lesson Summary
Progress Check P.C. Seventeen-Ill "Signal Interpretation"
Practice Sheet Seventeen-Ill "Signal Interpretation"

AUDIO-VISUAL:
Static/Motion - Seventeen-III "Voltage Measurement"

REFERENCE MATERIAL:
NAVSHIPS 95706, Technical Manual for Oscilloscope AN/USM-140B and
AN/USM-141A
6B25 Technical Manual

IT IS HIGHLY

RECOMMENDED THAT THE STATIC/MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.

126 141



Narratilie Seventeen-III

NARRATIVE
LESSON III

Signal Interpretation

Now that you have learned how to obtain a line trace on the AN/USM-140
oscilloscope and have observed a square wave, it is time to learn how
to interpret waveforms. In order to troubleshoot effectively, you must
be able to deterwisie the voltage amplitude of a waveform present at a
given point so that you can compare it to what you should have.

You will be using the AN/USM-140 oscilloscope during this lesson,
so follow the correct procedures to energize the oscilloscope and let
it warm up.

The shape of a waveform tells you something about what Is going on
in the circuit. With this oscilloscope you can make accurate peak-to-
peak voltage measurements. From your previous training, you should
remember some characteristics of waveforms. For example, we know that
example B has the greatest amplitude.

A
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A wave has both a peak amplitude
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Narrative Seventeen-111

The peak amplitude is me.A....wed from the base line to the top of the posi-
' tive,peak or from the baseline to the bottom of the negative peak.

The peak-to-peak amplitude is measured just as its name implies;
from the top of the positive peak to the bottom of the negative peak.

What is the peak-to-peak amplitude (in centimeters) of the waveform illus-
trated below?

1. cm

C
E
N

I

M 0
E
T
E
R
S

t,.

4 cm

When you are indicating peak-to-peak voltages, always include the
letters "p-p" after your answer. This will clarify and identify what
type of voltage measurements you have made.

Now you are going to use the oscilloscope. Follow the standard
procedures for, obtaining a line trace. Connect and calibrate the
10:1 (11O) probe. (If you have difficulty in doing either of these,
review Lesson 11. If you are still having trouble, see your Learning
Supervisor.)

Hold the 10:1 (X10) probe to the calibrator circuit Volts Output jack
and turn the Calibrator control to the 20 position.

With the Channel A Sensitivity control in the 1 volt per centimeter
position, you should have a square wave that measures 2 centimeters
peak-to-peak. If not, check your control settings and then ask your
Learning Supervisor for help if needed.

Now you must learn how to calculate the amount of input voltage shown
on the scope face. This is done by multiplying the peak-to-peak measure-

centimeters .by the sensitivity setting and the probe attenuation

value.

128 14:s
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Example: Height (p-p) x Sensitivity x Probe attenuation = Voltage
2 cm x 1 volt/cm x 10 = 20 v p-p

This waveform is from an internal source with a known voltage, so you
can check your calculation by reading the setting on the Calibrator
control, By setting the Calibrator control to 20, you selected a 20
volt peak-to-peak output.

Now we will use the AN/URM-29 Signal Generator as a signal source so you
can practice making voltage measurements with the oscilloscope:

The control set-up and connections are as follows:

a. the Power switch - set it to OFF

b. the Meter Selector switch - set it to 1000 Hz

c. the % Modulation control - set it fully counterclockwise

d. plug in the line cord and energize the signal generator

e. using a double male BNC coaxial cable, patch from the Signal
Generator Audio Out jack to the oscilloscope Channel A Input
jack

f. set the oscilloscope Channel A Input switch to AC

g. set the Channel A Sensitivity control to 1 volt/cm

h. set Horizontal Display to X1

1. set Sweep Time to 1 millisecond /cm

j. if the line trace Is not centered, vertically center it with
the Vertical Position control

k. on the signal generator, turn the % Modulation control clockwise
very slowly while observing the Meter. Set the output as
indicated on the Meter to exactly 10% modulation.

You should now have a 1000 Hz sine wave on the oscilloscope CRT,
(If you do not have this waveform on your oscilloscope CRT or if you
do not have a line trace, follow the standard procedures for getting a
line trace, and repeat ste,s a through k.

14,1
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You are now ready to calculate the peak-to-peak voltage of the inpUt
signal. Use the Vertical Position control to set the bottom of the
negative peak exactly on a major line and the Horizontal Position con-
trol to position the top of a positive peak over the fine divisions
in the center.

Position your eyes level with the center of the CRT to avoid parallax
and then determine the number of centimeters from the bottom of the
negative peak to the top of the positive peal..

2. What is the peak to peak amplitude?
cm volts p-p

1.1 - 1.7 cm, 1.1 - 1.7 volts p-p

You are now ready to change the input voltage and practice reading
and calculating voltages.

a. set the % Modu'lation control to 20

b. set the Channel A Sensitivitt control to-10

You should now have a waveform of very small amplitude on the oscillo-
scope.

3. What is the peak-to-peak voltage of the waveform?

3- volts p-p

You have just read a voltage with a small amplitude to give you practice.
When possible, you should use the hrgest amplitude that stays on the
'graticule (CRT face) so that your reading will be more accurate. To
illustrate this, change the Channel _A Sensitivity control to obtain the
most accurate reading.

4. What is the peak-to-peak voltage of the waveform?

2-3 voTi s p-p

5. To what position is the Channel A Sensitivity control set?

1 volts/a7--
v

.
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This completes the lesson on measuring F.7.ak-to-peak voltages with

an oscilloscope.

Following standard procedures secure the oscilloscope and signal

generator.

THIS. COMPLETES THE NARRATIVE FOR LESSON ill MODULE SEVENTEEN.
PROGRESS CHECK P.C. SEVENTEEN III IN THIS BOOKLEI COVERS THE PER-
FORMANCE OBJECTIVES FOR THIS LESSON. IF YOU WISH TO CHECK YOUR
KNOWLEDG' OF THIS MATERIAL, YOU MAY TAKE THE PROGRESS CHECK NOW.
IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS
LESSON IS COVERED BY

SUMMARY AUDIOVISUALS
PRACTICE SHEET

1
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SUMMARY
LESSOM III

Signal Interpretation

In troubleshooting electronic_equipment it is necessary to obtain
voltage measurements and compare various waveforms using an oscillo-
scope. As a result it is important that you acquire sufficient skill
in effectively utilizing this testing device.

An oscilloscope can'display only peak-to-peak volages. In this

lesson we will learn to interpret and calculate peak-to-peak voltage
measurements.

positivePeak-to-pelk is defined as the distance from the top of the positive
going portion of the waveform to the bottom of the negative going por-
tion of the waveform. In other words, it is the overall amplitude of
a waveform.

On the AM/USM-140 Oscilloscope the greticule (grid on the CRT face)
is divided into centimeters. If there is a waveform whose peak-to-peak
amplitude measures two of these spaces, we can say the amplitude ,is
2 cm. Mow we must convert centimeters to volts. The sensitivity
control has ten positions, each indicating a certain number of volts per
centineter. Another factor we must take into consideration is the
attenuation factor of the probe--sore probes ray have an attenuation factor
of 10:1 (X10); that is, the voltage is attenuated, or divided, by 10.
others may be a 1:1 (X1); they provide no attenuation. There are three
factors to consider when calculating voltage: (1) the peak-to-peak
amplitude in centimeters, (2) the sensitivity setting, ancl.(3) the
anount of probe attenuation. Assume we are viewing a waveform which
has caused us to set up the oscillosdope in the following manner: it

cn peak-to-peak, sensitivity set on 2 v/cn and a probe attentuati'on of
10:1. To obtain the peak-to-peak voltage we must multiply these fac-
tors as shown: 4 cm x 2 v /cm x 10 = 80 v peak-to-peak.

'THIS COMPLETES THE SUMMARY FOR LESSON III MODULE SEVENTEEN.
.PROGRESS CHECK SEVENTEEN III IN THIS BOOKLET COVERS THE

PERFORMANCE OBJECTIVES FOR THIS LESSON. IF YOU FEEL THAT
YOU'NEE0 FURTHER STUDY BEFORE YOU 00 SO, THIS LESSON IS
COVERED BY:

NARRATIVE
PRACTICE SHEET

AUDIOVISUALS
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. PRACTICE SHEET
LESSON III

Peak-to-Peak Voltage Calculations

Calculate the peak-to-peak voltages indicated by the drawings.

1.

11 IIIIMENINIE
11111111161111116111111111
111111011111/1111011111.1
farti MIMI OE

SENSITIVITY = .1 volts/cm
PROBE = 10:1

ANSWER

2. SENSITIVITY1= 1 volt/cm
PROBE = 1:1

MEE
UNIIIIIITM11111111M

MIEN
ANSWER

3. SENSITIVITY = 5 volts/cm
PROBE = 10:1

NMI 1111111111111
WilillfiliM111111211117
111111516111116611111

MIN
ANSWER
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11111111EMsimincriarinstmansumon
ma omm

SENSITIVITY = 2 volts/cm
PROBE = 1:1

ANWER

SENSITIVITY = .02 volts/cm
PROBE = 10:1

ANSWER

v

CHECK YOUR RESPONSES WITH THE ANSWER PROVIDED IN THE BACK fw THIS
BOOKLET.

134
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PROGRESS CHECK
LESSON III
Part 2

Signal Interpretation

-In this test.you will calcuate the peak-to-peak voltage of
various waveforms. You will be required to set up and use the
ozciAloscope to make your voltage calculations. Your answers must be
accurate to ± 5%.

' Connect the test probe to the designated test jack and calculate
the peak-to-peak voltge.

.... Jack #1 =

Jack #2 =

Jack.#3- =

4
01

Jack #4 =

Jack #5 =

The use of correct procedures for securing the oscilloscope is
also a part of this test.

CHECK YOUR RESPONSES WITH THE tANSWERS PROVIDED IN THE BACK OF
THIS BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS,
PROCEED TO'LESSON IV.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS
AND PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING
SUPERVISOR.

--z,

0
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AV RESPOHSE SHEET
LESSON 111

tri"V°1"eleasi-

1. What is the peak to peak amplitude in centimeters?

cm.

2. What is the peak to peak amplitude in centimeters?

cm.

3. What is the peak to peak voltage of the waveform?

Vpp.

4. What is the peak to peak voltage of the waveform?

Vpp.

5. 'What is the peak to peak voltage of the waveform?

Vpp.

6. To what position is the channel A sensitivity4control set?

..,
Volts/Centimeter

The answers to this response sheet are provided in the back of this book.

.
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OVERVIEW
LESSON IV

Audio Frequency Amplifier ICO Signal Tracinj

The primary purpose of this lesson is to:

1. Familiarize you with the functional operation (what it does)
of the Audio Amplifier Section of the 61115 Training Device.

2. Teach the proper use of test equipment for signal tracing
the audio amplifier section of the 6B25 Training Device.

3. Teach the proper techniques for component and/or test point
location using a Navy-type technical manual.

To accomplish these objective's, you wil! be introduced to some "Paper
Tools." These tools include a navy-type techO cal manual for the 6B25
training Device, several new electronic terms, and block and schematic
diagrams.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON IV

Frequency

The following matcrial is available for this lesson. You may choose,

according to your needs and past experiences, from:

STUDY AND.PROGRESS CHEM BOOKLET:
Lesson Narrative
Lesson Summary t

Experiment EXP. Seventeen-IV A.Jdio Frequency Amplifier ICO Signal Tracing

AUDIO/VISUAL:

Static/Motion - "Audio Frequency Amplifier ICO Signal Tracing"

RLFERENCE MATERIAL:

6625 Training Device Technical Manual

IT IS HIGHLY

RECOMMENDED THAT THE STATIC/MOTION PROGRAM

BE VIEWED IN ORDER TO COMPLETE THIS LESSON.

YOU MAY MOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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NARRATIVE

LESSON IV

Audio Frequency Amplifier ICO Signal Tracing

What is an audio frequency amplifier? first, let's define the term audio
frequency. Audio frequencies are those frequencies which can be detected
(heard) by the human ear: It has been determined by scientists that the
human ear is capable of detecting a range of frequencies from 10 Hz to
20,000 Hz. Therefore, mechanical wavefronts (sound) and electrical
inpulses which are of a frequency between 10 Hz and 20,000 Hz are called
audio frequencies.

now that you realize that an audio frequency is any frequency between
10 Hz and 20,000 Hz, you must define the term amplifier. In electronics,
an amplifier is a device used to increase the strength of a signal. Electron
tubes, transistors, and magnetic units are some of the components used as
anplifying devices. Basically, an amplifier transfers additional power to
a signal from an external source. This increase in signal power is usually
called gain. The power gain may be in voltage or current amplitude, and in
many applications both nay be increased. In any case, the signal applied
to an amplifier will be increased in power. It should be noted that
transformers are not amplifying devices. They are capable of increas-
ing voltage amplitude with a consequent loss of current amplitude, and vice
versa, but disregarding circuit losses, the power out of a transformer re-
nains the same as the power applied. now that you understand the terms
audio frequency and amplifier it.becomes only a matter of combining these
two terms to define an audio frequency amplifier. An audio frequency
amplifier is a device which increases the strength or power of signals
which are in the auuio frequency range of 10 Hz to 20,000 Hz.

Telephones, public address systems, record players, and tape recorders
are some of the equipments which use audio frequency amplifiers. The
6025 trainingdevice.also uses audio frequency amplifiers in its AF
(audio frequency) amplifier section. The 6025 system is subdivided into
the following additional sect ions: the. power supply section, the radio

frequency (RF) amplifier/converter section, the intermediate frequency
(IF) amplifier section.

4F AMPLIFIER

CONVERTER

IF AMPLIFIER

DETECTOR

156

POWER

SUPPLY

140

AUDIO

AMPLIFIER I
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The AF amplifier section receives a very low amplitude audio

signal from the IF amplifier /detector section and increases
the signal strength ,(power) to a level sufficient to drive the

head set.

FROM

IF DETECTOR

SECTION

AUDIO AMPLIFIER

SECTION

""-

,

AUDIO SECTION
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The AF amplifier section is divided into two parts called stages;
the driver stage and the push-pull stage.

FROM
IF DETECTOR

SECTION

PRI VER

STAGE
PUSH/PULL

STAGE

AUDIO AMPUFLIER SECTION

AUDIO SECTION

i 5
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Note that the two stages are divided at transformer T3. The primary
of T3 is the output of the driver stage and the secondary of T3 is the
input to the push -pull stage. The function of the driver stage is to
increase the power of the small audio signal from the IF amplifier/
detector section to a level that will drive the push-pull stage. The
function of the push-pull stage is Co take the amplified signal from
the driver stage and increase its power to a level that will produce
sound in a headset. Two stages are used to increase the input signals
power sufficiently.

....4.

The signal enters the AF amplifier section printed circuit card at
pin D of the connector. From there it is coupled through capacitor
,C19 to transistor Q4. Q4 amplifies the signal and passes it to the primary
of transformer 13. The primary of T3, which is a voltage step-down
transformer, couples the signal to its secondary which splits the
signal and passes it Jrito transistors Q5 and Q6. Although the siiinal
is taking two different paths, the signal and its conversion are '

essentially the same. Q5 and Q6 amplify the signal and pass it to
the primary of transformer 14 where the two paths again unite. The

primary of T4, which is a voltage step-down transformer, couples the
signal to its secondary and then on to the headset jack. The signal

by this tine has the voltage and current amplitude necessary to drive
the headset.

THIS COMPLETES THE NARRATIVE FOR LESSON IV MODULE SEVENTEEN.
EXPERIMENT EXP. SEVENTEEN IV IN THIS BOOKLET CORERS THE PERFORMANCE
OBJECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON
PROGRLSS CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU WISH TO
CHECK YOUR KHOWLEDGE OF THIS MATERIAL YOU HAY TAKE THE EXPERINENT NOV
IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO. THIS LESSON

IS COVERED BY

SUMMARY AUDIO-VISUAL
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SUMMARY

LESSON IV

Audio Frequency Amplifier ICO Sinna! Tracina

The 6B25 audio frequency amplifier is a relatiiely simple device. It

roceives an audio signal and amplifies it to a point where it will drive a
speaker or a headset producing sound.

When reading the remainder of this Summary, f.fliow along on the 6B25
schematic (located on Figure 6-7 ir, the 6B25 Ratio Receiver Technical
Manual).

The signal comes into the audio amplifier at TPI8. It is coupled

through C-19 to the Base of Q4. Q4 amplifies the signal which continues
on through step-down transformer T3. (The amplified signal can be seen
at TP19.) The signal is coupled through 73 to the bases of both Q5 and
Q6. (Q5 6 Q6 make up a push-pull amplifier.) The signal at TP2O and
TP21 will be of the same waveform and amplitude because of the balanced
components forming the push-pull. The amplified signals at TP22 6 TP23
also will be of the same waveform and amplitude. The end product (actual
audio) can he seen at TP24 after it is coupled through T4. T4 is also a
step-down transformer.

NOTE: If you feel this brief summary is sufficient for you to
troubleshoot the audio section, proceed to Lesson IV.

THIS COMPLETES THE SUMMARY FOR LESSON 1V MODULE SEMITEEN.
EXPERINEUT EXP. SEVENTEEN IV IN THIS BOOKLET COVERS THr.
PERFORMANCE OBJECTIVES FOR THIS LESSON. IF YOU WISH TO
CHECK YOUR ABILITY TO SIGNAL TRACE, YOU MAY DO THE EXPERI-
MENT NOW. IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE
YOU DO SO, THIS LESSON IS COVERED BY:

NARRATIVE AUDIO-VISUAL
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EXPERIMENT
LESSON IV

Audio Frequency Amplifier ICI) Signal Trac12

Materials:

61125 Technical Manual
6825 Training Device System
XI Probes (2 each)
Signal Generator

Oscilloscope

In order to observe the operation of the AF amplifier section, the
functioning of each stage and of the primary components within these
stages, you will use ICO (input-conversion-output) signal tracing. ICO

signal tracing requires the use of a signal generator whiCh produces a
known reference input signal and an oscilloscope which is used to
observe the input and output signals. You will be able to ascertain
the conversion function of the section, stage, or 'component by comparing
the output waveform to the input waveform.

Procedure:

1. Using the standard procedures learned in previous lessons, set up the
signal generator and the oscilloscope as follows:

SIGNAL GENERATOR - 13 kHz
CW
10 millivolts

OSCILLOSCOPE -0.02 volts/centimeter sensitivity
0.1 millisecond/centimeter sweep time
Internal trigger.

Connect a XI probe to the:RF output X MUET jack on the signal
generator. Connect a X1 .probe to the channel A input jack on the

oscilloscope. Touch thetwo probe tips together to see if. you
have a signal out of the signal generator. If the waveform display
is not synchronized, adjust The oscilloscope Sweep Mode, Trigger
Slope, and Sweep Time Vernier controls to stabilize the display.
Disconnect the probe tips.

2. You are now going to determine the function of the audio frequency
amplifier section using the ICO method.

a. On your radio, identify and locate the signal input to the
audio frequency (AF) amplifier section using the technical
manual schematics and pictorials.
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b. Connect the signal generator XI probe to the input of the
AF hmplifier section. Plug in the 6825 radio receiver and
turn its power switch ON.

Place the Test/Normal switch on the RF card to "Test".

c. Connect the oscilloscope Xi probe to the input of the
AF amplifier section. Because the position of the 6825 volume
control has an effect on the amount of signal, turn the volume
control fully clockwise, then carefully rotate the micro volt
control on the signal generator until the signal displayed
cn the oscilloscope just fills two small vertical divisions
on the oscilloscope Cat" as illustrated below.

Ell EINEM
IIMIMPARIPA

imimmunnimown minim
This adjusrinent will set up a standard input amplitude that
will not'ovardrive the AF amplifier section.

Note: The signal generator settings, volume control position,
and point of signal injection will remain the same
throughout the remainder of this Job sheet.

d. On the,grid below draw the waveform displayed on your
oscilloscope.and calculate its peak-to-peak amplitude

11.111111111111

111111M11111111111111111

111101111111=11
TP 18 signal amplitude V p -p

e. Identifyland locate the AF amplifier section output with the
aid of the technical manual schematics and pictorials.

f. Remove the oscilloscope probe from the AF amplifier section
input and connect it to the AF amplifier section output. it

may be necessary to adjust the oscilloscope sensitivity
control in order to get all of the signal displayed within the
grid on the scope face.

1 G4r.:
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g. On the grim below, draw the waveform displayed on your oscillo-
scope and calculate its peak-to-peak amplitude.

IIIIMMI111111111111111
1111111111111111111111111111111

TP 24 signal amplitude v p-p

h. 'Compare the waveform shape of the output signal. to that of the
input .signal. The shape should be the same. NoW compare the
amplitude of the two signals. It should be readily apparent that
the output signal has been greaely increased in amplitude as com-
pared to the input,signal.

3. You are now going to determine the function of each of the two stages
within the AF amplifier section.

a. The signal generator should still be connected to the input of
the driver stage (TP18). In step 2 you have drawn and calculated
the peak-to-peak amplitude of this input signal. Using your tech-
nical manual, find the output of the driver stage and connect your
oscilloscope probe to it. On the grid beeyw draw the waveform dis-
played on your oscilloscope and calculate its peak-to-peak amplitude.III =EMI

1111011111111111111111111111

IIIMINI111111111
TP19 signal amplitude v p -p

b. Compare the shapes and amplitudes of the driver stage input (TP18)
and output (TP19). The shape should be the same, but the amplitude
of the signal should have increased through the driver stage.
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c. Using the technical manual find the inputs to the push-pull stage.
Notice that there are two inputs and two signal flow paths which
coobine in the output. Both paths are identical, so it will make
no difference which path you choose to trace. Connect the oscill-
oscope probe to one of the inputs. On the grid below, draw the
waveform displayed on your oscilloscope and calculate its peak-
to-peak amplitude.

1111.11I1
1111111111

TP20 or TP21 signal amplitude v p-p

d. The output of the push-pull stage is the same as the output of
the AF amplifier section whicl. you measured and recorded in step
2. Compare the shape and ampiitudeof this output signal to the
stage input. The same waveform shape with a increase in signal
amplitude should be noted.

Using the 1CO signal tracing method, you have seen the operation cf
the AF amplifier section and the operation of each of the two Stages
within the section. Your last obser ions will show you the function
of each individual component in the signal flow path of the AF amplifier

h. Using the ICO signal tracing.meihod, follow the signal flow path through
the AF amplifier. Fill, in the blanks and grids below as you proceed.

Component C19 C19 OUTPUT WAVEFORM

1111111M111111111111
11111111m1111111111111
1111011111111E111111111

C19 output signal amplitude vp,p.

Output signal shape changed? YES/NO (it YES, describe the change)

=11.1M,

Output signal amplitude changed? YES/U0 (if YES, describe the change)
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Component Q4

Output signal shape cionged? YES/NO (if YES, describe the change)

Output signal amplitude changed? YFS/NO (if YES, describe the change)

Component 13

Output signal shape changed? YES/NO (if YES, describe the change)

Output signal amplitude changed? YES/HO (if YES, describe the change)

Component Q5 or Q6

111111111111111111
111111111111M111111111111111

111111111101111-11111111MEM MIMI
TP22 or TP23 signal amplitude v p-p

Output signal shape changed? YES/NO (if YES, describe the change)

Output signal amplitude changed? YES/NO (if YES, describe the change)

4

Component T4

Output signal shape changed? YES/NO (1f.YES, describe the change)

P
/
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Output signal amplitude changed? YES/NO (if YES, describe the change)

CHECK YOLK, RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO
LESSON V.

IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS
AHD PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING

SUPERVISOR.

THIS COMPLETES THE EXPERIMENT FOR LESSON IV, MODULE SEVENTEEN.

v

1 (3 f)
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AV RESPONSE SHEET
LESSON IV

Signal Tracing The Audio Frequency Amplifier

1. Draw the waveform displayed on the oscilloscope and calculate its
amplitude:

Mil MEM NE
111111111111111111111111111

111111111111111111111
II

2. Draw the waveform at TP 24 and calculate its amplitude.

,.

Volts p-o

151

)



R.S. (A.V.)

3. Draw the waveform at TP19 and calculate the amplitude.

S.

Seventeen-1V

4. Draw the waveform at TP20 or TP21 and calculate the amplitude.

r 1 r I

1-1-1H-11

"I

volts p-p

5. Draw the waveform at TP22 or TP23 and calculate the amplitude.

'MENNEN.
111111111111111/1111111111111

11
volts p-p

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET.
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OVERVIEW
LESSON V

Troubleshooting an AF Amplifies

Now that you have learned how an Audio Frequency Amplifier basic-
ally works, it is time to learn something about what to do if it doesn't

work. Stated briefly, you are about to troubleshoot the Audio Frequency
Amplifier.

The prithary purpose of this lesson is to:

(1) Provide a review of the basic troubleshooting techniques.

t

(2) Provide actual in-cirebit use of test equipment.

(3) Locate and correct malfunctions in the Audio Frequency Ampli-
fier of the 6825 Training Device.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCE.., ON
THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON V

Troubleshooting an AF Amplifier

The following is a list of study resources for this lesson. You

may refer to all or any of them according to your acquired knowledge

anfor past experience:

STUDY AND PROGRESS CHECK BOOKLET:
Lesson Narr.ative
Experiment EXP. Seventeen-V Troubleshooting an AF Amplifier

REFERENCE MATERIAL:
6B25 Radio Receiver technical Manual

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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NARRATIVE
LESSON V

Troubleshooting an AF Amplifier

In this and the folloping modules you will be troubleshooting circuits
containing transistors. Using an oscilloscope and a signal generator
you can check the input and output of each stage of the 6B25 receiver
until you find the defective stage. When you reach this point you will
then have to measure voltages and resistances to find the faulty compo-
nent in that stage. Generally, it is a good idea to first measure

voltages, then 'turn off the power; remove the circuit card, then check
resistaoces..

You learned about basic components (resistors, capacitors, coils, and
transformers). Windings usually read very low resistances (nearly

short circuits). Trying to read the value of a resistor that is in
parallel with a winding is nearly impossible, for the low coil resis-
tance will bypass the DC from the ohmmeter, and the meter will indicate
a low value.'

For much the same reason, checking resistance values of components
connected to transistors requires special care. Two connections on a
transistor act just like diodes--that is, they have high resistance to
current flow in one direction and low resistance to current in the
other direction. To keep these low resistances from leading you astray,
always check a suspicious resistance reading by reversing the meter
probes. If, for example, you think you have found a shorted resistor

connected to a transistor, reverse the meter proles and try again. If

the reading is then normal, a transistor probably caused the first
reading to be wrong.

To check the transistor itself with an ohmmeter yo'i must also check
readings for both directions of current flow. Looking at a transistor

from the top like this

3 should be high with the meter probes connected one way and low when

they are reversed. ,

3
the readings between leads 1 and

1
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NOTE: Use the Rx100 scale for making these readings. You should get
the sane kind of readings between points 2 and 3. host transistors
will read a fairly high resistance both ways between leads 1 and 2.

On the following pages you will find a logical flow diagram for trouble-
s..00ting the Audio Amplifier section of your radio. You will be required

to use a signal generator, an oscilloscope, troubleshooting techniques,
a T2chnical Manual, and the knowledge you have gained concerning the audio
section of your receiver. Then you will actually locate a faulty component

within the audio amplifier. You, will be given two problems to work on.
While working with each boa.rd and the flow diagram you may refer back to

any and all 'earning material for comparison or evaluation.

INSTRUCTIONS FOR FLOW DIAGRAM USE:

I. Locate the start symbol in the upper left hand corner of the next

Page. C
2. Follow the line from the start symbol to the first instruction
block. '1

3. A block shaped like this requires that you make a YES or

NO decision. If the signal is good, your decisions is yeas. If

the signal is bad or not present the decision is no. Follow the line

that is labeled the same as thtt decision you have made.

4. A block shaped like this< >indicates the conclusion you

should have drawn from the observations you have made.

5. A circle with a letter inside requires you to go back to where that
letter first appears and start again. This 's to ascertain that
there are no additional malfunctions. 'o +low from the start symbol
to the stop symbol with all decision ()locks answered yes, indicates
the section is working properly. Examine the troubleshooting flow
diagram on the next page.
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THIS COMPLETES THE NARRATIVE FOR LESSON V, MODULE SEVENTEEN
EXPERIIIENT EXP. SEVENTEEN-V IN THIS BOOKLET COVERS THE PERFORMANCE

OBJECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE
LESSON PROGRESS, CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF

YOU WISH TO CHECK YOUR KNOWLEDGE OF THIS MATERIAL, YOU MAY
DO THE EXPERIMENT NOW.
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EXPERIMENT
LESSON V

Seventeen-V

Troubleshooting an AF Amplifier.

Up to this point you have learned:

(1) the correct'procedures for soldering.
(2) the correct procedures for setting up and adjusting the signal

generator.

(3) the correct procc4w-es for setting up and adjusting the oscill-
oscope.

(4) the basis of logical troubleshooting.

DRPW A 6B25 TRAINING DEVICE AND GO TO A LAB CARREL.

The purpose of this job sheet is to use all the information and skills
you have learn-64 to actually troubleshoot and repair an electronic cir-
cuit assembly.

The 6B25 is a delicate piece of equipment and is subject to damage un-
less the following rules are followed:

(1) NEVER remove or insert any of the printed circuit cards unless
you are told to do so.

(2) Always make sure your radio is turned off when removing or In-
serting printed circuit cards.

(3) When inserting a printed circuit card, always insure it has
been inserted into the proper receptacle and the pins of the
printed circuit card are properly aligned with the plug.

INSTRUCTIONS: To complete this experiment, you must find the mal-
function-rnn your 6625. You will need all of the information you
have studied so far in this course. Starting with Step One, work
methodically through the experiment, carefully completing each step
before you go to the next. In several of the steps you will have to
draw conclusions or make decisions. When this happens, follow the
instructions that correspond to the conclusions you drew. GO to STEP
ONE.

1. Turn on the 6B25 and manipulate the station selector and volume
control. Is the radio working properly? If not go to Learning
Supervisor and tell him your radio is not working. If it is working

properly go to Step Two.

a
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2. Turn on your signal generator and oscilloscope observing all safety
precautions. Set them up to the following specifications:

SIGNAL GENERATOR
Frequency Band Switch set to 10-30 kHz
Frequency Vernier Dial set to 13 kHz
Meter Selector set to CW
% Modulation Control set fully counter-clockwise
Carrier Range Switch set to 10-300 kHz X-MULT
RF Multiplier switch set to XIOK
Microwits Control set to 1 on the top scale of the Meter

OSCILLOSCOPE
Sensitivity set to .02 v/cm
Sweep Time set to .1 milliseconds/cm
Horizontal Oisplay set to X1
Trigger Source set to INT

After your signal generator and oscilloscope have been set up, turn
off your radio and remove the AF amplifier printed c'rcuit card. Take
the printed circuit card to your Learning Supervisor and exch ge it for
a pre-faulted printed circuit card. Connect an X1 probe to the RF OUTPUT
X-MULT jack on the signal generator and another X1 probe to the CHANNEL
A INPUT jack of the osci11.9)cope. Touch the signal generator and oscil-
loscope probes together to ensure that you have the correct signal out of
your signal generator. If the waveform is not synchronized adjust the oscil-
loscope Sweep Mode, Trigger Slope, and Sweep Time Vernier controls to
stabilize the display. If your test equipment is not working properly
see your Learning Supervisor. If your test equipment is working properly,
disconnect the probe tips. Go to Step Three.

3. Insert the AF amplifier section pre-faulted printed circuit card you
ref..eived from the Learning Supervisor into the radio and turn it on.
Manipulate the station selector and volume control. Is the radio working
properly? If so, go to your Learning Supervisor and tell him. If not;

go to Step Four.

4. Turn off the radio and remove the RF Amplifier printed circuit card.
This is done to prevent signals from going to the AF section a.ld inter-
fering with the known signals you are going to inject with your signal
generate. After the RF section printed circuit card has been removed,
turn on your radio. Go to Step Five.
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5. Refer to he schematic diagram (Figure 6-7) in your technical manual
and locate test point TPI8 (the input to the AF section printed circuit

, card). Connect the signal generator probe to this point. Turn the volume
control on the radio fully clockwise. Go to Step Six.

6. Refer to the schematic diagram (Figure 6-7) and locate test point
TP24. Now locate it <n your radio. Connect the oscilloscope probe to
TP24. Is the correct signal present at test point TP24? If the correct
signal is present at test point TP24, re-check your work. If you have
followed instructions properly and still have the correct signal present
at test point TP24, go tc your Learning Supervisor, If the correct signal
is not present go to Step Seven.

7. Change the oscilloscope sensitivity to .5 volts/cm. Refer to Figure 6-7
and locate test point TPI9. if the correct signal is present at test point
TP19 go to Step Eight. if the correct signal is not present at test point
TP19 go to Step Ten.

8. C.iange the oscilloscope sensitivity to 2 volts/cm. You have established
that the signal at test point. TP19 is correct. You have, therefore,
isolated the faulty stage. There is no correct signal at test point TP24
and there is a correct signal at test point TP19. The faulty component
must be between these two point, (the push-rull stage). Locate test point
TP22 or TP23 in the radio and connect the oscilloscope probe to either one.
Is the correct signal present at this test point? A correct signal at this
point means that transformer T4 Is the Faulty component. If T4 is the

faulty component go to Step Eleven. If the signal at the test Point you
have selected is not the correct signal, co to Step Nine.

0
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9. Change the oscilloscope sensitivity to .2 volts/cm. Locate test
point TP20 or TP21 in your radio. Connect the oscilloscope probe to either
one. Is the correct signal present at this point? if the signal is cor-
rect transistor Q5 or Q6 is the faulty component. If the signal is

not correct and the signal at test point TPI9 is correct, tranformer T3 is
the faulty component. Go to Step Fleven.

10. Change the oscilloscope sensitivity to .02 volts/cm. There is no
correct signal at test point (P19; therefore, the problem is in the
driver stage of the Amplifier. Locate the lead that connects the positive
end of C19 to R13. Connect the oscilloscope probe to this lead. Is the
correct signal present at this point? If you have the correct signal at
this point, transistor 0 is the faulty component. If the correct signal
is not present at this test point C19 is the faulty component. Go to Step
Eleven.

11. You have now located the faulty component. Turn off the radio. You

must now determine if the failed component has opened or shorted. Remove
the pre-faulted board to isolate any external parallel DC current paths
which might give you an erroneous reading. Using your multimeter, determine
if the bad component is open or shorted. Mark your response below.

Which component is bad?

What is wrong with the component?

OPEN SHORT

TAKE THE PRE-FAULTED PRINTED CIRCUIT CARD AND THIS EXPERIMENT TO YOUR
LEARHING SUPERVISOR. HE WILL COECK YDUR ANSWERS AND ISSUE YOU A PRAC-
TICE SOLDERING BOARD AND COMPONENT.
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12. The last step in the troubleshooting procedure is replacifig the faulty
component. Take the practice soldering board and component issued to you
by your Learning Supervisor to the soldering station. On the practice
soldering board select a component similar to the failed component.
According to the procedures you learned previously, remove the component
you selected and replace it with the component issued to you by the
Learning Supervisor. Check your soldering with the check list below.

STUDENT L/S
CHECK CHECK

Soldering Satisfactory:

1. No cold solder connections.

2. No excessive solder on connections.

3. Properly bent and clipped leads.

4. No rosin residue.

5. No lifted pads or foils.

6. Ho cracked solder connections.

7. Good electrical characteristics of component
(i.e., diodes not shorted or open, resistors
of indicated value, etc.)

L/S Signature)

TAKE YOUR "REPAIRED" PC CARD TO THE LEARNING SUPERVISOR FOR HIS INSPEC-
TION.

YOU HAVE NOW COMPLETED THIS MODULE. THE PERFORMANCE TEST WILL REQUIRE
THE SAME SKILLS AS THIS EXPERIMENT. IF YOU FEEL THAT THE RESULTS OF
THIS EXPERIMENT INDICATE THAT YOU ARE READY TO TAKE THE END OF MOOLE
PERFORMANCE TEST, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL YOU NEED
FURTHER STUDY BEFORE TAKING THE PERFORMANCE TEST, YOU MAY REVIEW ANY
PART OF THIS MODULE.
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Overvidw Eighteen

CJERVIEW
MODULE EIGHTEEN

Basic Troubleshooting: Radio Frequency and
intermediate Frequency AmpLifier

This module is designed to introduce you to the functions of basic
intermediate frequency and radio frequency amplifiers and their
application within a superheterodyne receiver. You will also be
required to troubleshoot these sections in the 6B25 Training Device.
To.troubleshoot and understand the functions of these sections,
you must. apply the electronic theory you learned in the first
seventeen modules. You will also use soldering techniques and the skills
acquired in the use of test equipment such as the oscilloscope, signal
generator, and multioeter. This module has been divided into two lessons:

Lesson I Radio Frequency and Intermediate Frequency
Amplifier ICO Signal Tracing

Lesson II Troubleshooting an IF Amplifier and an F17 Amplifier

s.4
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MODULE EIGHTEEN

LESSON I

RADIO FREQUENCY AND INTERMEDIATE FREQUENCY
AMPLIFIER ICO SIGNAL TRACING
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Overview

OVERVIEW
LESSON I

Radio Frequency and Intermediate Frequency
- Amplifier ICO Signal Tracing

Eighteen - I

Now that you have learned how to use the signal generator and the
oscilloscope as effective tools in troubleshooting, you will use
these tools once again to help you become a more effective tech-

nician.

In this lesson you will learn to utilize the I.C.O. (input-conversion-
output) concept to isolate the malfunction of circuitry in both the
R.F. and I.F. sections of the 6E125. You will be required to oberve
a waveform at a given test point (input), compare this to another

st poinp4output), arid determine whether or not the output *ignal
is c ect.

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STU..! RESOURCES
ON THE NEXT PAGE.



Study Resources Eighteen - I

LIST OF STUDY RESOURCES
LESSON I

_hadio Frelvency and Intermediate Frequency
Amplifier 1C0 Signal Tracing

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the following:

STUDY AND PROGRESS CHECK BOOKLET:

Lesson Narrative
Lesson Summary
Experiment EXP. Eighteen-1 Radio Frequency and Intermediate Frequency

Amplifier ICU Signal Tracing .

REFERENCE MATERIAL:
6B25 Training Device Technical Manual

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES tISTED ABOVE. YOU MAY

TAKE THE PROGRESS CHECK AT ANY TIME.

169
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Narrative Eighteen - I

NARRATIVE

LESSON I

Radio Frequency and Intermediate Frequency
ATplifier iC0 Signal Tracing

41011,(44044*

All radio and television stations transmit (broadcast) their programs
in the form of electromagnetic waves, called RF (Radio Frequency) waves.
This RF enargy moves from the transmitting antenna through the air to
the antenna of a receiver; in this case, the 6B25. These electromagnetic
waves Induce a small alternating current into the antenna circuit. This

lesson will give you an idea of what hppeni to the received signal on its
way through the receiver to t1. audio section.

A major function of tl« " 14iptifier/Converter Section is to amplify
the received signa: ar n.ert it to an IF (Intermediate Frequency)
signal. This conversi. 'ngs the frequency down to a lower frequency
that is easier to amplif; the needed signal voltage.

The RF Amplifier stage produces the first amplificatioJ of the received
signal. The RF stage increases the voltage or power of the received
signal. This is necessary to make the signal large enough to be useful
and to c,mpensate for any losses that might take place in the next stage.

mow let's take a more detailed look at the RF amplifier stage. During
this explanati n we will only be concerned with those components in the
main signal flow path.

170
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Narrative Eighteen - I

---iow-TO CONVERTER

RF AMP

The smell induced RF signal on the antenna is developed across inductor LI
and fed to capacitor C3. It is then coupled across capacitor C3 without any
change,to the base of the RF amplifier transistor. The transistor greatly
increases this small signal's amplitude to a size that is easier to work
with electronically. the amplified RF signal is fed out of the transistor,
and passed through an inductor (transformer) becoming the input to the
converter stage.

The signal, after leaving the RF Amplifier stage, goes directly to the
Converter Stage. This stage is so named because it changes or converts
the incoming frequency to the frequency that is going to be used by
the next stage - the IF Amplifier stage. The c nverter stage has two major
functio6s. First, it takes the Radio Frequepc from the RF Amplifier and

combines this with a frequency of its own to roduce four frequencies. The
sum of the two frequencies, the difference between the two frequencies, and
the original two frequencies. Only the difference frequency (455 kHz) leaves
the converter stage; the remaining three frequencies are eliminated. Second,
the conv?rter stage further amplifies this IF frequency.

Again let's take a detailed look at the main signal how path.

RF AMP CONVERTER

HTO IF AMP

The RF signal on the secondary of the inductor (transformer) is fed to the
converter transistor. This transistor combines (mixes) c'e input RF signal
with another internally generated frewency and produces tour amplified

output frequencies. These four signals are fed from the transistor through
a resistor, with a small decrease in amplitude. The four signals pass on to
the primary of transformer Tl. This transformer is designed to pass only
the IF frequency signal (455 kHz difference frequency), thus eliminating
the other three frequencies. The IF signal is coupled from the primary to
the secondary of TI and on to the IF amplifier stage.
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Narrative Eighteen - I

The intermediate frequency 455 kHz goes into the IF amplifier; the
function of this amplifier is to produce nigh gain and increase selec-
tivity. Let's eliminate all possible confusion and define the terms
gain and selectivity.

1. Gain is an increase in signal power.

2. Selectivity is the abillty of a receiver to separate one
desired signal from all other frequencies.

The amplified signal from the IF amplifier stage continues to the
detector. The detector's function is to remove the carrier wave
(the high frequency used for transmission) so that the remaining in-
telligence (the audio signal) can be amplified.

The audio signal derived by the action of the detector diode rasses
into the audio amplifier section where it will be amplified again. The

amplified audio signal i3 applied across the speaker or headset to
be heard as sound.

1

(
RF AMP CONVERTER T1 IF AMP

R11

TO VOLUME CONTROL

The detailed main signal flow path for this section starts at the secondary
of TI and is passed on to the IF amplifier transistor. The 455 kHz IF
signal is greatly amplified by this transistor. This amOlified output
is passed on to the primary of another transformer. The IF signal is

coupled from primary to secondary and or to the diode detector. The diode
detector removes the IF frequency and pisses only the audio intelligence
through resistor Ril to the volume puter.tiometer of the audio amplifier
section.

In summary, we have taken a very small RF s meal and increased its
amplit4de in the RF amplifier stage and then reduced the frequency to an
IF frequency of 455 k'z and again amplified it in the converter stage.

1444141110 4044110F;Wil;IINAMIkir
SUM IT101111WT stsct fr111
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Narrative Eighteen - I

The signal is again amplified in the IF amplifier stage, then the auoio
intelligence is removed by the detector stage and passA on to the audio
amplifier section that you have just studied.

i...,--

THIS COMPLETES THE NARRATIVE FOR LESSON I, MODULE EIGHTEEN,

-0.

EXPERIMENT EXP. EIGHTEEN I IN THIS BOOKLET COVERS THE PERFORMANCE OB-

JECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON PROGRESS
CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU WISH TO TEST YOUR ABILITY
TO MEET THESE OBJECTIVES, YOU MAY DO THE EXPERIMENT NOW. IF YOU FEEL

THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON IS COVERED BY:

SUMMARY

172a
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Summary Eignteen-I

SUMMARY
LESSON I

Radio Frequency and .ntermediate Frequency
Amplifier ICO Signal Tracing

In this lesson you will learn how to utilize the ICO concept to trace
the signal through the RF/Converter section and the IF/Detector section.
To do this, a given signal v.111 be injected into the antenna section,
and an oscilloscope will be used to "look" at the signal at test points
along the signal flow path.

The function of the RF/Converter is to amplify the received signal and
convert it to an IF(intermediate f equency). You will be able to
actually see the amplification and the conversion using the oscillo-
scope.

The function of the IF/Detector Section is to provide high gain and
selectivity in addition to extracting the intelligence (audio) from
the modulated carrier (transmitted high frequency) wave. This ampli-
fication and detection can be clearly seen with the oscilloscope.

THIS COMPLETES THE SUMMARY FOR LESSON I, MODULE EIGHTEEN.

EXPERIMENT EXP. EIGHTEEN 1 IN THIS BOOKLET COVERS THE PERFORMANCE OBJEC-
TIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON PROGRESS
CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU WISH TO CHECK YOUR ABILI
TY TO MEET THESE-RBJECTPAS NOW, YOU MAY DO THE EXPERIMENTS':-. IF YOU FEEL
THAT YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON IS COVERED BY:

NARRAT I vE
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EXP.

EXPERIMENT
LESSON I

Eighteen-1

Radio Frequency and Intermediate Frequency
Amplifier ICO Signal Tracing

In this Experiment, you will use the ICO concept to study and compare
inputs with outputs at different points in both the RF Amplifier/Converter
and IF Amplifier/Detector Sections of the 6825 radio receiver.

it

1. Using the schematic diagram (Figure 6-7) in ur technical manual and
the block diagram below. list the primilaszepon is (in sequence) of the
main signal path.

Ti
Ril

TO
AUDIO
AMP.

Energize the Signal Generator and Oscilloscope so that they will be',
warmed up and stable by the time you are ready to use them.

AT VARIOUS INTERVALS IN THIS EXPERIMENT. 0U WILL BE REQUIRED TO DRAW THE
WAVEFORMS YOU HAVE OBSERVED AT A TEST POINT AND YOU MAY BE REQUIRED TO
IIITERPRET VbLTAGE MEASUREMENtS. PLACE THESE RESPONSES IN THE SPACES
PROVIDED IN THIS BOOK.

Set up the test equipment with the controls in the indicated positions:

SIGNAL GENERATOR

Frequency - 1.0 MHz
Output - 4000 u volts
Modulation - 30% at 1000 Hz

(NOTE: Follow standard procedures to set carrier to 10, then re-adjust'the
Microvolts Control to 4. Adjust for desired modulation by placing the Meter
Selector switch into the 1000N, position and adjusting the Audio Out control
clockwise (CW) until the meter reads 30% on the bottom scar----

RF Multiplier - XlK
Probe - 1:1 BNC to BNC Cable

174
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Eighteen-I

OSCILLOSCOPE

(Note: Obtain a line t.ce before setting the controls).

1

SETTINGS:

Seisitivity - ,02 v/cm

'ep Time - 2 millisec/cm

rigger Source - INT

Probe - IX 4

As in all previous lessdns you have studied, a signal has to be inserted
to enable you to see what a circuit is doing, This time the signal will
be injected into a SNC connector located next to the antenna.

$
VNNUNV

:A4 ,.

113A133311

Check out the test equipment by connecting eie oscilloscope input to
the signal generator output (RF OUT) to insure that each is operating
properly. After checking tne test equipment, disconnect the oscillo-
scope from the signal generator. Connect the EINC to BNC cable from
the aignal generatcr RF Output X-Mutt to the radio antenna input. Con-
nect the (1X) probe to the Channel A input ';erminal on the oscilloscope.

Then the test equipment is set up you may continue.

w".

Make sure that the 6B25 is de-energized.

IRO
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EXP. Eighteen-I

Connect the oscilloscope probe (1X) to TP 8 and adjust the tuning
control on the 6B25 to obtain maximum amplitude. (Set sensitivity

of the oscilloscope to .02 v/cm.)

This step insures that the receiver is tuned to the frequency being
injected by the signal generator.

The waveform should approximate the signal shown below.

MIN
111111111111111

III

Check the local oscillator disable switch (S2), located on the
RF amplifier/converter PC card, and ensure that it is in the

TEST position. (In the TEST position, this switch will disable
the local oscillator so that you will be able to see more clearly
t4 signals in the front end of the receiver (capacitor C3, tran-
sistor Ql, and transformer 1.2).)

Energize the 6B25 receiver.

The waveforms you find may not look exactly like those in the book.
Tie main objective is to calculate the differences in voltage at
various test points and to understand these differences.

For clarity of the signal presentation on the oscillascope face, it may
be necessary to fine tune the radio. Move the station selector slightly
to the right or left to get the clearest possible signal on the oscillo-
scope.

2. Draw the observed waveform and indicate the signal amplitude.

=1.1V

1 H uU 111 1111

The amount of voltage will vary slightly depending on your receiver.
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EXP. Eighteen-I

3. Now, disconnect the os:illoscope probe and connect it to TP9.
Draw the waveform and indicate the signal amplitude. Compare the
waveform at TP8 to TP9.

Note: At different steps you may have to decrease or increase the
oscilloscope sensitivity setting to measure the voltage.

..16.011MMII.1

The amount of voltage may vary somewhat.
As you have noticed, the transistor's function is to amplify.

4. Now place your oscilloscope probe on test point 10. Draw the
observed waveform and indicate the voltage. Compare the waveform
at TP9 to the waveform at TP10.

/EV

The amount of voltage may vary somewhat.

As you have noticet the voltage has decreased from one side of the
transformer to the other. This is a voltage step-down transformer.
Since transistors are current devices, a voltage step-down transfor-
mer, or in other words a current step-up transformer as indicated by
the formula

Es

Ep Is

is used for inter-stage coupling. 194
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EXP. Eighteen-1

5. Connect the oscilloscope probe to TP11.. Place the local oscillator
disable switch (S2) in the NORMAL position'.....Draw the waveform and

indicate the voltage amplitude. Compare the waveforms at TP10 and
TP11. The waveform you will see is a combination of four separate
frequencies.

a. The original frequency coming from the RF stage.
b. The frequency generated in the tank circuit (L3, Cll, and C12).
c. The sum frequency which is produced by the addition of the

original frequency, and the frequency generated in the tank
circuit.

d. The difference frequency which is pro6Ted by the subtraction
of the original frequency from the frequency generated in the

tank.

t

The amount of voltage will vary.

..miall.=

6. Now move the oscilloscope probe to TP12. Draw the waveform and
calculate the voltage amplitude. Compare the waveforms at TP11 and
TP12.

141-11-111 1111 1114 - 11-1 1 1'1

rI

1

The amount of voltage will vary.
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EXP. Eighteen-1

7. Note the decreased amplitude. This is due to Riots action as a current

limiter. From the converter, the signal goes to the tank circuit T1.
Now place the probe on TP13. Draw the observed waveform and calculate
the voltage. Compare the waveform at TPI2 to the TP13 waveform. Notice

the absence of multiple signals. They have been removed by T1, which

is acting to block all frequencies except 455 kHz. This frequency will
be the only one to pass through T1 and into the IF stage. 455 kHz is

the intermediate frequency.

The amount of voltage will vary.

8. Now move the probe to TP 14. Draw the observed waveform and cal-
culate the voltage amplitude. Compare the waveforms at TPI3 and TPI4.

The amount of voltage will vary.

1%
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EXP. Eightee6-I

9. Now connect the oscilloscope probe to TP16. Draw the observed
waveform and calculate the voltage amplitude.II Ma

1111111111111111111=
11111111111111111111011

TIMIIIMEN11111
The amount of voltage will vary.

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS
BOOKLET. IF YOUR RESPONSES DIFFER FROM THDSE GIVEN, RECHECK YOUR
SETTINGS AND PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR
LEARNING SUPERVISOR.

WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON
EIGHTEEN If.

.
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MODULE EIGHTEEN

'LESSON II

TROUBLESHOOTING AN IF AND RF AMPLIFIER
USING ICO CONCEPTS

4
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ip Overview

.OVERVIEW

LESSON II

Eighteen -Ii

Trogbleshooting an IF and RF Amplifier
Using ICO Concepts

In this lesson you will study and learn about the following:

--ICO concepts onQa system level..

- Half- splittini methods.
-Using a signal generator for signal injection.
-Using in-oscilloscope for signal tracing.,

BEFORE YOU START THIS'LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

0),,
61_0/

182



Study Resources Eighteen-II

LIST OF STUDY RESOURCES
LESSON II

Troubleshooting an IF and RF Amplifier
Using ICtConcepts

To learn the material in this lesson, you have the optibn of choosing,
according to your experience and preferences, any or all of the
following:

STUDY AND PROGRESS CHECK BOOKLET:

Lesson Narrative
lesson Sury
Experiment EXP. Eighteen-II "Troubleshooting an IF and RF Amplifiers

using ICO concepts"

REFERENCE MATERIAL:

6825 Technical Kowa'

-4?

YOU MAY NOV STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.

183
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Narrative Eighteen-11

NARRATIVE .

LESSON,II

Troubleshooting an If and RF Amplifier
Using ICO Concepts

In this lesson, you will find material designed to take you through
a logical Sequence of actions to locate a faulty compontnt in the (

RF/Converter 01;p-the IF/Detectos,sections of the 6B25. These in-
structions are similar to the Module Seventeen instructions, but they
are not as detailed. This is to enable you to become more proficient
in using the knowledge and techniques presenteTin previous lessons.
While troubleshooting, you must never assume anything! Base your
answers only on )he observations you actually make.

Now, energize the 6825 and ensure the receiver is working properly.
If the receiver is not working properly, inform your Learning Super-
visor. Next, de-energize the radio and remove the RF/Converter section
and IF/Detector section printed circuit cards and take them to your
Learning Supervisor. At this time you will receive one RF/Converter
printed circuit and one IF/Detector printed circuit card one of which
is prefaulted. Following standard procedures, insert the cards into
the receiver.

4

Now we come to the actual troubeshooting. Since we have the possi-
bility of the trouble being in either of two cards, the best method
for logical troubleshooting is "half-splitting." To do this, we first
have to ascertain there actually is a trouble by checking the output
of the IF/Detector section. If there is no signal or an abnormal
signal at this point, we can logically deduce that tl-e trouble lies
somewhere between the point at which we injected a test signal and the
point at which we are Jbserving the signal. (Look at the block diagram
below.)

FR1;111--- AUDIO
TO

AMP.

The next logical step is to split the circuitry in half - how about at
TP12? Is the signal there normal or abnormal? If the signal is normal
we have logically eliminated the RF Amplifier/Converter section. If .

the signal is abnormal, we have logically eliminated the IF Amplifier/
Detector.

oi),1
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Narrative

Assume that the signal at TPI2
splitting method, look at the
Amplifier/Converter section in
r

L

L2

is abnormal.

block diagram
to parts.

Eighteen-11

To continue with the half-
below and divide the R.F

RF/CONVERTER SECTION

Let's try TP-10.
Q1, 12, and C3.
Are you catching
thetical problem

IF/DETECTOR SECTION

TO
'AUDIO

AMP..

J

If the signal is normal, we Can logically eliminate
If the siynal is abnormal, we can eliminate Q2 and R6.
on to half-splitting? Let's troubleshoot a hypo-
to give you a better understanding of halfslifitting,

First we check the output (TP17) to 'ensure there is a problem. Using
the oscilloscope we find there is no output. Next, go to TP-12 to
eliminate one half of the circuitry. Here there is a tomal, dis-
cernable signal, so we can eliminate all of.the .RF Amrlifier/Converter.
We now go to TP-15 and we find an abnormal signal (no signal), so ,we

kncw the trouble lies somewhere 'between TP12 and TP15.: One logical
move is to test at TP14, so let's try that ---Hey, we've got a normal
signal! Look at your schematic (figure 6-7 in the Technical Manual).
Now we have isolated the trouble to a block; the only thing between
TP14 and TP15 is the transformer T-2. This isolates the trouble down
to a component, and the next thing to do is to determine what is wrong
with it. Is it open, shorted, or is the grow 5J removed?

A multimeter is used to make the final diagnosis. Using the multimeter
we find transformer T-2 primary to be open. See, that wasn't so hard,

because we used a logical troubleshooting method.

NOW YOU WILL BE REQUIRED TO LOGICALLY TROUBLESHOOT A PRE-FAULTED
CARD. FOLLOW THE INSTRUCTIONS IN EXPERIMENT EXP. EIGHTEEN-II IN THIS
BOOKLET.

YOU HAVE NOW COMPLETED THIS MODULE. IF YOU FEEL THAT YOUR PROGRESS
CHECK RESULTS INDICATE THAT YOU ARE READY TO TAKE THE END OF MODULE
TESTS, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL YOU NEED FURTHER
STUDY BEFORE TAKING THE END OF MODULE 'TESTS, YOU MAY REVIEW ANY PART
OF THIS MODULE.
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Summary

SUMMARY
LESSON II

Troubleshooting an IF and RF Amplifier
Using ICO Concepts

Eighteen-I!

In this lesson, half-splitting is shown to be an important mainstay
in the art of troubleshooti j. Using the ICO concept, a test at the.
inpOtnd a test at the output of the system will show whether or not
a particular system is functioning properly. In case of a malfunction
the ney step wow(' be to divide the 4ystem Into sections; in this
case, ./Converter and the IF/Detector sections. Once you make
a test ; output of one of these sections and find that the
conversi n-ocess is not functioning properly, you can logically
eliminate unehalf of the circuitry. When the faulty section is
isolated, we can half-split again, and again, until.we isolate
the faulty stage: We can then (you guessed it) half split again. This
will isolate the malfunction down to a circuit within the stage. Half-

splitting again, we find the faulty component. The next step is to
. use a multimeter to determine what is wrong with the component - is

it open, shorted, or is a ground removed?

In Job Sheet Eighteen-Il you will be required to troubleshoot a pre-
fauited set of IF/Detector and RF/Converter printed circuit cards. There
will be only one trouble per set of cards. Effective use of the ICO
concept and the half-splitting method will greatly enhance your abil-
ities to troubleshoot.

IF YOU FEEL YOU ChN SUCCESSFULLY TROUBLESHOOT, YOU MAY PROCEED DIRECTLY
TO EXPERIMENT EXP. EIGHTEEN-II IN THIS BOOKLET. IF YOU DESIRE ADDITIONAL
INFORMATION Oil TECHNIQUES AND/OR A MORE DETAILED EXPLANATION, GO TO
NARRATIVE EIGHTEEN-II.

2r3_1
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EXP. ... Eighteen-I:
. .

4

EXPERIMERT7 .

LESSON II

'Troubleshooting an IF and RF Amplifier
Using ICO Concepts

To the concept of logical troubleshooting; we will follow a flow
diagram. You.must realize that .flowsdiagrams,are only an aid to trouble-
shooting. The flow diagram can be extremely iielpfy.1 in localizing the
faulty component,, but do not become dependent'on it. Each time you make
a test, follow the result on the flow diagram (Figure 5-3) and the.6825
-schematic, (Figure.6-7)-7both in the 6B25 Technical Manual.

EQUIPMENT .REQUIRED:

1. Oscilloscope

2. Signal Generator

3.: Multimeter

4. 6825 Trainingqlevice and Technical Manual

Prefaulted Card Set (obtain from your Learning Supervisor)

PRUEOURE:

1. Usingall safety precautions applicable:

a. Set up and energize the Signal Generator for an output of 4
millivolts at 1.0 tift, modulated with 1000 Hz'at 30%.

b. Set up and energize the Oscillocope to obtain a line trace.

2. a. Connect one endof a BNC-BNC connector cable to the XIK RF
X-MULT output jack of the Signal Generator and the other. ends
to the channel A input of the Oscilloscope. Draw the observed
waveform, and recerd the voltage.

b. Connect the Signal Generator to the 6B25 input as you did in
Module Eighteen, Lesson 1. (Connect the R.r. XMULT ol the
_Signal Generator to the 6825 input. Also connect a IX 'probe

to Channel A input on the oscilloscope.) Tune the radio to
the frequency provided by the Signal Generator.

L
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EXP. Eighteen-II

3. Measure and record the voltage at TP 12. Is this a normal
reading? Volts

If YES, go to step 4.
If NO, go to step 5.

4. Measure and record the voltage at TP17. Is this a normal
reading? Volts

If YES, see your Laboratory Supervisor
If NO, go to'step 9

5. Measure and record the voltage at TP1O. Remember to place S2
in the TEST position. Is this 1 normal reading? Volts

If YES, go to step 6-
If NO, go to .step 711...11.1=

,6. Measure and record the voltage at TP11. Is this a normal

reading? ' Volts

11...11.1= If YES, name the suspected component
If NO, name the suspected component

WHEN YOU HAIL IDENTIFIED A PROBABLE FAULTY COMPONENT GO TO STEP 13

7. Measure and record the voltage at TP9. Is this a normal
reading? Volts

If YES, name the suspected component
-If NO, go to step '8_

WHEN YOU HAVE IDENTIFIED A PROBABLE FAULTY.WMPONENT GO TO STEP 13

8. MEASURE and record the voltage at TP8. Is this a normal .

reading? Volts

M11,11.1. I,f YES, name the suspected component
If NO, name the suspected component-

WHEN YOU HAVE IDENTIFIED A PROBABLE FAULTY COMPONENT GO TO STCP 13

9.. Measure and record the voltage at TP15. Is this a normal

reading? Volts

1

If YES, go to step 10
If NO, 0 to step 11C

-___---
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EXP. Eighteen-11

10. Measure and record the voltage at TPI6. Is this a normal

reading? Volts

If YES, name the suspected component
If NO, name the suspected component

WHEN YOU HAVE IDENTIFIED A PROBABLE FAULTY COMPONENT GO TO STEP 13.
,..

11. Measure and record the voltage at TP14. Is this a normal

reading? Volts

If YES, name the suspected component .

If NO, go to step 12

12. Measure and record the voltage at TP13. Is this a normal

reading? Volts

111....al. If YES, name the suspected component .

If NO, name the suspected component

13. Now that you have isolated the malfunction down to the com-
ponent level, use the multimeter to ascertain what type of
problem has occurred (shorted, open, ground removed).

The malfunction is (trouble).

WHEN YOU HAVE FOUND THE MALFUNCTION, SECURE ALL TEST EQUIPMENT AND TAKE
THIS EXPERIMENT TO YOUR LEARNING SUPERVISOR FOR EVALUATION.

YOU HAVE NOW COMPLETED THIS MODULE. IF YOU FEEL THAT YOUR PROGRESS
CHECK RESULTS INDICATE THAT YOU ARE READY TO TAKE THE END OF MODULE
TESTS, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL YOU NEED FURTHER
STUDY BEFORE TAKING THE END OF MODULE TESTS, YOU MAY REVIEW ANY
PART OF THIS MODULE.

i
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Overview Nineteen

OVERVIEW
MODULE NINETEEN

.

Basic Troubleshooting: Systems Concept

In this module you will be introduced to the concept of electronic systems
and the method of troubleshooting these systems. To demonstrate the
knowledge and skills you learned in past modules and the new knowledge
you will gain in this module, you will be required to troubleshoot
the entire 6B25 Radio Receiver System using a six-step troubleshooting
method. This module also contains an explanation of the Navy's system
of documentation (paperwork). You will practice filling out the various
forms that are required when you repair a casualty. For you to learn more
easily and practice system troubleshooting, this module has been divided
into the following lessons.

Lesson I

Lesson 11

Lesson III

Introduction to the Electronic System Concept and Trouble-
shooting Techniquet.

.
Navy Documentation

Troubleshooting a Radio Receiver System.

.
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OVERVIEW
Assok

ts. Introduction to the Electronic
System Concept and Troubleshooting

Techniques

In this lesson, you will learn about systemsand haw these systems
will affect you as a technician. In addition, you will learn a sys-
tematic, logical troubleshooting approach in its entirety. You will
learn what each step signifies and how eac1 step relates to forming
an effective method of locating a malfunction within a system.

BEFORE YOU START THIS LESSON, PREVIEW 'f HE LIST OF.STUDY RESOURCES.



Study Resources
Nineteen-I

LIST OF STUDY RESOURCES
LESSON

Introduction to the Eectronic
Systim Concept and TroubleshootinQ

Techniques

To learn the material in this lesson, you have the option of

choosing, according to your experience and preferences, any or al1

of the following':

STUDY AND PROGRESS CHECK BOOKLET:

Lesson Narrative
Lesson Summary

REFERENCE MATERIAL:

EIMB

YOU MAY NOW STUDY ANY OR ALL OF THE RiAURCES LISTED ABOVE.
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NARRATIVE

LESSON I

Introduction to the Electronic
Systems Concept and Troublephooting

Techniquaso....,

Suppose it's liberty call and you have a hot date. You rush out
to your car, turn the key, and nothing happens! There you a,e, trying
to find out what's wrong - hopefully in time for your date, Do you
check the tires, or the water level in the radiator? OT coursc not!
You only check the things that are associated with the trouble - but -
some of us may not know what these things are. We have to have'some
knowledge of the car's system and how all of the components fit to-
gether to accomplish the car's function.

RADIO SET CONTROL

35 FOOT
WHIP ANTENNA

ACCESSORY UNIT
USED FOR SURFACE
SKIP AND SHORE
INSTALLATIONS

ANTENNA
ANTENNA COUPLER
OAKEN CONTROL

TRANSMITTER
swinKEIOARI)

TELETYPEWRITER
CONTROL PANEL

TELETYPE-
WRITER POWER
SUPPLY

TELEGRAPH
KEY CONTROL

POWER
SUPPLY

TELETYPE -
WRITER
PANEL SwOCK MOUNT

TELETYPEWRITER

Figure I
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ANTENNA

P/ ('
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Uarrative Nineteen-I

if you know the system, you can systematically isolate the problem
in a tin imam amount of time. This same concept applies to being
a technician. If you have a working knowledge of the system's
concept, your troubleshooting ability will be greatly improved.
Just what is a system in electronics? Well, transceiver systems
(see figure 1), or radar systems (see figure 2) or sonar systems
(see figure 3), are three quite common systems,aboard ship. Depend-
ing upon your rate, you will be required to learn and know your systems'
well enough to isolate a malfunction to the faults( stage. Often this
can be accomplished 'by using the front panel indications and/or 0
multimeter. The six-step troubleshooting methcid will be very beneficial
in isolating a malfunction using system ICO concepts. Let's tike a
closer look at an electronic system, the transmitter-receiver system.
Two ships are steaming in close proximity and their captains wantto
communicate with one another (see figure 4). One captain uses a micro-
phone connected to his transmitter and talks; the otaer captain receives
on his receiver and talks back using his transmitter. This cycle con-
tinues until the communication is terminated.

TRANSMITTER

1 c.

0 RECEIVERCOUPLER

VOX

HI }

Figure

What would happen if suddenly the skipper couldn't understand
the signal from the other ship? Well, For one thing, yqu would hear
the squawk box chirp "Duty ET lay to the bridge". If you just happen
to be the duty ET, you had better know the system - especially if the
problem lies at your end". The captain has just been interrupted
in communicating with another ship, and you can bet this conversation
is vitally important. So now i. is up to youto systematically
isolate the malfunction and repair the equipment as quickly as poss-

N
ible.

Now is the time to put logical troubleshooting into play.
0.

Troubleshooting is an acquired skill that requires the following:
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1. Sufficient background knowledge to learn how a
specific piece of equipment works.

2. Skill in reading and interpreting the information
contained in the equipment technical manual.

3. Skill in using test equipment and the ability to
correctly interpret the test results.

4. Ability to follow a logical sequence when trouble-
shooting.

Developing the ability to follow a logical sequence when
troubleshooting will be our main concern in this lesson. Logical

troubleshooting is a tool used by accomplished technicians to locate
a malfunctioning circitit/component in the quickest and most efficient
way. It Is made up of distinct steps and each step is designed to
eliminate a number of possible trouble areas until the fiulty
component is found. If a haphazard approach is used it may be difficult
or virtually impossible to isolate a defective part, wire, connection
or component from hundreds or even thousands of possibilities.

The easiest method of learning and applying a logical sequence to
locate malfunctions consists of these six steps:

I. Symptom Recognition
2. Symptom Eiaboration
3. List of Probable Faulty Functions
4. Localize Faulty Functions
5. Localize Faulty Circuit
6. failure Analysis

STEP ONE: SYMPTOM RECOGNITION

The first step in troubleshooting any problem is to determine if a
problem really exists. If someone tells you a system is malfunctioning,
you must determine to your own satisfaction that a problem really exists
and that it is not just an operator error.

Some problems are not easily recognized because they are not clearly
understood to be a malfunction. For example:

It has been 10,000 miles since your car was tuned-up. You may
realize that its pep or performance is not exactly right, but
the loss of power has been so gradual that you have become accus-
tomed to poor performance. A mechanic, however, immediately recog-
nizes this-performance as poor and suggests a repair.

Electronic systems operate in the same manner. Their performance
will get worse as components age. Low or marginal operation is not al-
ways reported to the technician so you must check for possible trouble
symptoms during your routine maintenance.
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The above problem is not obvious, yet such small troubles may lead to

serious troubles if not detected early. You may compare the performance
of a suspected system with other knoWn reliable identical systems or
determine whether or not the system's performance has changed since it
was last used. You must question and observe, measure and compare.

The second type of problem is obvious, the system does not do the job
or function it is supposed to do:

You get in your car and it will not start no matter what
you do.

-or -

You turn on your stereo and nothing happens.

You're sure something is 'definitely,not working. This completes
the first step - Symptom Recognition. Now you realize that more than
one thing could cause your car not to start or your stereo to do
nothing. This leads us to step two.

STEP TWO: SYMPTOM ELABORATION

Symptom Elaboration is simply the procedure used for checking
sources provided by the system or your background knowledge of the
system that may explain the failure.

With your car you may consider the following without leaving
the drivers seat.

1. Do the gauges, lights, etc. come on?
2. If so, what do they read?
3. Did the car sputter and fail to start or did it

do absolutely nothing?

-or-

With your stereo you could check the following without ever.
moving.

1. Does it light upi
2. Can you hear anything from either channel?
3. If yogi have any dials, what do they read?
4. If it is a combination stereo radio-phonograph,

does one wo:( and not the other?

The elaboration process needs refinement of symptoms. You are
not going to check for symptoms of malfunction unless they relate to
the problem. Now is the time to narrow down the number of symptoms to
help get a clearer picture of what you will have to do in your next
step.
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_I
At this point, some new technicians have a tendency to break out

all their tools and test equipment. This is a big mistake. Mental

work at this stage can save you a lot of time in find!ng the problem.
If your train of thought is muddled by pulling out all your repair aids,
then you may fail to recognize symptom, and will get off track when
looking for the problem. You have not yet determined what tools are
needed to repair the problem. Suppose, in the car example, you brought
out all your tools, jacks, etc., when the problem is that your battery
was stolen. Or in the case of the stereo, the plug was pulled out.
These things happen' Navy electronic systems are complicated and many
technicians mistakenly believe that all problems must be complicated.

STEP THREE: LISTING THE PROBABLE FAULTY FUNCTIONS

The term, "function", is used here to denote an operation performed by
a specific area (or unit) of a system. Generally, each major sub-
divirion has one or more functions to nerform. If you have a functional
block diagram, this is the time to break it out as an aid in localizing
the faulty function.

The car may have a functional diagram with the following:

1. Engine
2. Transmission
3. Brakes
4. Electrical

5. Cooling

The Stereo may have a functional diagram with Cle following:

1. Antenna
2. RF section

3. Mixer or converter
4. IF section
5. AF section
6. Speakers
7. Power supply
8. Turntable
9. Tape deck

Now that we have basic functional diagrams of our examples, we must
determine which function could conceivably cause our specific problem.
Could the transmission or brakes cause the car not to start? Nopel

We have been able to immediately reduce the size of our search.
If you have a flat tire, you don't wash the car. It is important that
we immediately eliminate as many areas as possible. If nothing works

with the stereo, we may eliminate the antenna and the turntable right

awa y.

We now have a list of possible faulty functions and must go to step
four and try to localize the particular faulty function.

2
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STEP FOUR: LOCALIZING THE FAULTY FUNCTION

In this step, one of the possible or probable trouble functions must
be selected for testing. Some areas might involve more t.:,- and

speed in testing than others and they should be eliminated first.

in the case of the car:

1. Electrical system
a. Do you have a battery?
b. Are any wires broken or loose?

c. Do the lights work?
d. Does the starter turn?

2. Fuel system
a. Is there gas in the tank?
b. Are any gas lines broken?
c. Do you get gas to the carburetor?

These things are easy to check and require little time or efort, yet
if ignored, you may waste a lot of time by bypassing the obvious.

In the case of the stereo:

1. Power Supply
a. Is the plug in?
b. If tubes, are they lit?
c. Are the dial lights on?

2. Speakers

a. Are the speakers connected?
b. Are there any broken speaker wires?

As functions are eliminated, your test equipment requirements become
more complicated but your method will not change. Continue from the
most simple to the most complex.

If you do your mental work properly, manual work can be reduced to a
minimum. This systematic attack on the problem will lead you to step
five---Localizing the Faulty Circuit.

STEP FIVE: LOCALIZING THE FAULTY CIRCUIT

Throughout the previous steps, you have been working to get to this
step. You have already eliminated a number of probable faulty functions
and are ready to realiy investigate a particular circuit or area.
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Technicians generally have two methods to locate the faulty circuit
or area. Depending on the type of system, one method will work
better than'another.

1. BRACKETING-The technician places brackets at the inputs
he knows to be good and the outputs he knows to be bad.
In the car, we may have gas in the tank but none in the
carburetor. As we continue to test we move the correct
inputs closer and closer to the incorrect output. We
find that if gas gets through the fuel pump, then the
fuel pump is pumping gas, etc.

2. HALF-SPLITTING-This technique is used by taking a faulty
section and splitting it' in half and then checking at
that mid-point to see if operation is correct. If it is,
we have eliminated the front half of the circuitry; if
it isn't we have eliminated the other half. Then we
split it in half again and again until the faulty circuit
is identified. For example, consider our stereo; if we
have isolated the faulty function to the audio stage, we
split the total number of circuits in half and check if
the signal it is good or bad at that point, and so on.
If we have a hose that is ten miles long and we 0ow we
are putting water in one end and getting no water out
of the other, we check the middle (5 miles) to see
if there is water present, etc.

When we have found the faulty circuit or arca and know what is bad,
we have to determine why it went bad. This is step six - Failure Analysis.

STEP SIX: FAILURE ANALYSIS

The technician, by following the procedure in the five logical steps,
has located the trouble to a single faulty circuit or area. He could
replace the faulty component and eliminate the trouble-but what if the
same thing happened again? We must now determine wiay. it happened in
the first place and set up some method to prevent its happening in the
future.

Suppose we found that the hose leading from the fuel pui.p was clogged
causing the car.not to start. By cleaning the hose we eliminate the
problem, but the cau,3 of the problem might not be cured. We might
put a gas filter in the line to protect us in the future. Suppose you
found the carburetor was broken and replaced it. It might be that It
was worn, orginc.11y defective, improperly adjusted or a number of
other things. If justification for component failure is not under-
stood, you may be asking for future troubles with the same thing.

22:1
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Hopefully this lesson will help make your job easier. Remember, if

you cultivate a logical sequence when troubleshooting systems, the time
saved in repair will allow you more time for liberty!

-1

THIS COMPLETES THE NARRATIVE FOR LESSON I, MODULE NINETEEN.

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU GO ON, THIS LESSON

IS COVERED BY:

SUMMARY
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SUMMARY

LESSON I

Introduction- -the Electronic System Concept
and System Troubleshooting Techniques

In the fleet you will find many types of systems. There are trans-
ceiver systems, sonar systems, radar systems, fire control systems,
controller systems, navigational systems ---- actually the entire ship
is one large system, made up of many smaller systems. Each system has
a specific job to perform in order to make the ship run smoothly. If

one of these systems fails, it wiil be the job of some technician to
find the problem and fix : . If you have been assigned to repair the
faulty system, you will be that technician.

By using a good logical troubleshooting method a casualty in the
most complicated system can oe narrowed down quickly, and finding it
will turn out to be no more complicated than Hiding a casualty in the
6B25 receiver.

The iric step l'oIcal troubleshooting method is a good, clearly
defined, steFtstep procedure that will enable you to logically and
systematically locate the faulty component.

These six steps are:

I. Symptom Recognition

In order to repair a system you must first determine whether it
is functioning correctly or incorrectly. To completely satisfy this
step, you must be thoroughly familiar with the operational character-
istics of the system in question. This means you can provide valid
answers to the questions - What is this system supposed to do?" and
"How well is this job being done?" Symptom recogrition, then, is
detecting abnormal performance.

2. Symptom Elaboration

As a second step, the obvious or not so obvious symptom should
be further defined. Almost all electronic systems have front panel
operating controls, indicating instruments, or other built-in aids
for evaluating performance. These should be utilized at this point
to see whether they will affect the symptom under observation or
provide additional data to define the symptom. This step is the "I
need more information" step in our systematic approach.

3. Listing of Probable Faulty Functions

The third step is an "estimation" step which makes maximum use of
information from two sources: (1) the information gathered about
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the trouble symptom from the first two steps, and (2) your knowledge
of the functional units of the equipment. The probable faulty function
is really an "educated guesstimate" of the area in which the trouble
might be located to cause the indicated symptoms. The term function
is used here to denote an electronic operation performed by a specific
area of an equipment. These functions, combined, make up an equipment
system and cause the system to perform as it was designed. Whether or
not you will proceed from step two to step three (listing of probable
faulty function) or on to step five (localizing trouble to the circuit)
will depend on the number of functions in the equipment and/or the com-
plexity of a single function.

4. Localizing the Faulty Function

The fourth step involves choosing one of the probable faulty functions
for further examination. The function chosen to be checked first should
be based upon your knowledge of the sys-tem, ease of making the desired
test, and possible elimination of one or more "educated guesses" by
performing the test.

Most electronic systems can be sub-divided into units or
areas which have a definite purpose or function. You might luck
out and isolate the faulty function with your first test. If not,

the information gained from the test can be applied toward deciding
on the next function to check or it may even lead to the detection of
other faults..

5. Localizing the Trouble to the Circuit

Just as it was necessary to localize the trouble to a specific
function of the overall system in the preceding step, it will now

be necessary to isolate or localize the trouble to a specific circuit
or circuit group within the function.

The half-splitting method is most commonly used in this step.
Here the signal is injected at the input, checked at the output, the
stages are then divided and sub-divided until the malfunction is
located.

By signal tra'''p, using 1.C.O. concepts, you can systematically
isolate the faulty circuit.

6. Failure Analysis

The sixth and final step in systematic troubleshooting is twofold.
It includes (I) isolation of the bad or improperly adjusted circuit
or component, and (2) verification of the troubleshooting findings.
Isolation of the defective circuit component again requires application
of educated guesses and use of the I.C.O. concepts.

Prior to replacement of the suspected component, you should stop
and analyze the entire sequence of indications and measurements to verify
that the defective components could produce the symptoms and variations
you observed throughout the procedure. This final mental verification
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will enable you to determine whether some other component or malfunction
could have caused the faulty component to fail, or whether the faulty
component is the sole cause of the system's trouble.

Once you have mastered this six-step troubleshooting method; you
will be able to find the majority of problems that occur In any Navy
system in minimum time.

THIS COMPLETES THE SUMMARY FOR LESSON I, MODULE NINETEEN.

IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU GO ON, THIS LESSON
IS COVERED BY:

NARRATIVE
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OVERVIEW
LESSON II

Navy Documentation

In this lesson you will learn how to fill out the forms that will order
repair parts and report the repair to the proper people.

NOTICE

THIS LESSOR IS TO BE DEVELOPED. G) DIRECTLY TO LESSON NINETEEN -III
AND DISREGARD ALL DIRECTIONS CONCERNING SUPPLY AND MDC FORMS. IF

YOU HAVE ANY QUESTIONS SEE YOUR LEARNING SUPERVISOR.
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OVERVIEW
LESSON 111

Troubleshooting A Radio Receiver System

In this lesson you will learn how to utilize the Six-step Trouble-
shooting Procedure and the ICO concept in troubleshooting SYSTEMS.

In its own small way, the 6B25 is a :..ystem. You can use a
syttematic approach to isolate a malfunction, thereby usefully apply-

ing your knowledge.

You will receive three prefaulted printed circuit boards and will

isolate each malfunction and determine its trouble (open, short, etc.).

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES.

'211 231
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Study Resources

LIST OF STUDY RESOURCES
LESSON III

Nineteen-Ill,

Troubleshooting a Radio Receiver

TO lead the caterial in this lessa you have the option of
choosing,, according to your experience and preferences, any or all of

the foljowAhg.

STUDY ANtr.PROGRESS CHECK BOOKLET:

t Lesson Narrative
Lesson Summary
Experiment EXP. Nineteen-111 Troubleshooting a Radio Receiver system

1

REFERENCE ilATERIAL:o

Eitel

0

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
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NAHRATIVE
LESAN ill

Troubleshooting a Radio Receiver System

So here you are, leaning Imo( in your chair, listening to your very
own 6B25, probably feeling a Hale proudof the job you have done up
to this point. All of a sudden, disaster strikes! Your radio
receiver goes dead! What happened? What do you do? Do you panic?
Start banging on the receiver? Look around for help? No, not you,
you manage a weak mile, sit back, and think.

Now comes t time to put together all of
4P4/s

.the information that
you have learn d about troubleshooting, systems, and the 6B25 Radio
Receiver in order to recognize and repair malfunctioning electronic/
e!ectrical systems. In other words, LETS FIX THIS RADIO!

Since you are thinking systesi, mentally picture input - Conversion-
Output. Now, exactly what happeaed?

6625
RECEIVER
SYSTEM

You no longer hear that melodious tune. Quick, clap your hands,
well, you know you didn't suddenly go deaf! Hmmn - you have established
step one, Symptom Recognition, no output.

So, now what dp you do? Go running for the tes'.. equipment?
Maybe an untrained person would, but not,y6u, you elaborate on the
trouble by thipking about 4. Look at the owating controls and
front panel indications. Is the on-off switch in the off position?
Is the tuning dial on the wrong frequency? Is the volume turned
all the way down? is the plug out of the socket? These aie all
conditions that could cause the no-sound condition. So now you are
doing step two - Symptom Elaboration.

Yoy have to decide which functions could'cause the trouble; in
short, step three r the L1sting of Probable Faulty Functions. The

thee major functions of the 6B25 are accomplished I:qa--rieol lowing;
th4 power supply which supplies power, the audio amplifier which
amplifies audio signals, and the RF section which Converts RF to AF.
Y6u will be able to eliminate one of these three functions by using
the operating controls. For example, if there is no sound or static
coming from the speaker, and the volume control has no effect, then
you could logiGaIly conclude that the trouble could be in eitner the
Power Supply or the Audio Amplifier. if you can hear static or hum,
and the frequency tuning control has no effect, you can logically
eliminate the audio amplification function. The only probable function
we can't readily eliminate through use of the operating controls is
that accomplished by the pbwer supply. OnLe you have listed two
probable faulty functions.of,the three pystem functions, you have com-
pleted Step three-Listing of probable faulty components.
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The next step, Local Wr.:2 the Faulty Function is, in effect,
nor-towing the trouble 67471 to a single function. Now the goestior
is - How? This is the tine to utilize the test equipment to its
fullest advantage. If you have two possible abnormal functions,
the power supply and one other, it is logical to check the power
supply first, because in order to checKthe power supply, all you
need is a multimeter. Assuming the over supply checks out good,
you have localized the faulty funs ion. Now /ou must go to step
five - Localizing the Trouble to the Circuit.

This is where you really get a7to the gear." You may utilize
block diagrar Technical Manuals, resistance - voltage - current
measurements, half-splitting, and signal tracing.

All you have to do to repair the faulty circuit is to find the
bad component and replace it. Wrong! Step Six - Failure analysis -
does require that you test certain branches of the circuit to
isolate the d'Fect down to a component. However, locating the
faulty component does not complete Step six. You will also be
concerned with determining the cause of the failure. It is quite
possible that thi; trouble has caused another failure or vice-versa.

- You must retest the system, dynamically, to ascertain that all troubles
have been found. Last, but never least, complete the asso... 'd naper

work.
This final step - Failure Anal sis-has brought you to tne end of

the six-step teoubleshOOTWirmetho . You have "narrowed down" the
trouble area ith each successive step until the malfunctioning com-
ponent has been isolated. You save resiewed your procedure to en-.
sure that multiple malfunctions do not exist and to verify the cause
of the malfunction. You have also made the necessary records of
your actions. Athough not directly connected with troubleshooting
procedures previously outlined, vou should reorder any parts used in
the repair of the faulty equipment. Proper supply support will enable
you to return the equipment to the "line" (operating status) once the
trouble has been located.

7hIS COMPLETES THL NARRATIVE FOR LESSON III, MODULE NINETEEN.
IEXPERIMENT EXP. NINETEEN-III IN THIS BOOKLET COVERS THE PERFORMANCE

OBJECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON
PROGRESS CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU WISH TO
CHECK YOUR ABILITY TO MEET THESE OBJECTIVES, YOU MAY DO THE EXPERI-
MENTS NOW. IF YOU FEEL THAT YOU NEED FURTHER STUDY BEFORE YOU
DO SO, THIS LESSON IS COVERED BY:

SUMMARY

7)
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Summary Nineteen-Ill

SUMMARY

LESSON III

Troubleshooting_ a Radio Receiver System

In this lesson you wi:1 apply the logical Six-itep Troubleshooting
Procedure to repair a malfunctioning 6825 Receiver System. You will
receive a receiver system with a prefaulted printed circuit card, and,
within a reasonable time frame, you will be required to locate the mal-
functioning component and repair or replace it.

If you utilize the 1.C.O. concept and the six step troubleshooting
procedure together, your efficiency will be greatly increased.

If the receiver system produces no audio from the speaker, you
could logically eliminate some of the functions. By the same token,
if you have some sound but cannot receive any stations, you could
logically eliminate some other functions.

By using the operating controls, you could also eliminate some of
the functions. In fact, the only function you can't eliminate is the
power supply. Once you have found t%e faulty function, the net step
is to localize the faulty circuit. Here the effective use of test
equipment will aid you immensely.

Once the malfunction is isolated and repaired, the next stew is
Failure Analysis. This includes a dynamic retest of the receiver (to
ascertain that there are no other malfunctions) and completion of the
associated paperwork. Once this is done, you can feel proud of the
fact that you have accomplished the job for which you have been trained
as a technician in the United States Navy.

THIS COMPLETES THE SUMMARY FOR LESSON III, MODULE NrNETEEN.,,

EXPERIMENT EXP. NINETEEN-III IN THIS BOOKLET COVERS THE PERFORMANCE
OBJECTIVES FOR THIS LESSON. EXPERIMENTS ARE A PART OF THE LESSON
PROGRESS CHECKS WHICH YOU MAY TAKE AT ANY TIME. IF YOU FEEL THAT

YOU NEED FURTHER STUDY BEFORE YOU DO SO, THIS LESSON IS COVERED BY:

NARRATIVE
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NINETEEN-III

EXPERIMENT
LESSON III

Troubleshooting a Radio Receiver System

This Experiment is the Progress Check for Module Nineteen.

Go to your learning supervisor and tel
for Experiment Nineteen-Ill.

Go to a lab carrel and check to see if
materials:

1. 6B25 radio receiver with one casua
2. Practice soldering board.
3. Practice soldering component.

4. 6B25 technical manual.
5. Blank MDC forms.

1 him you need the materials

you have the following

ity installed.

If you are missing any of the above items, go get them now.

INSTRUCTIONS:

NOTE: If lesson II, Navy Documentation is NOT included in this module,
disregard steps 2 and 6.

I. Check out and troubleshoot the 6825 radio receiver.
2. Fill out the supply form required to order the part.
3. Go to the soldering area and replace one of the components on the

practicing soldering board.
4. Take the 6825, the supply form, and the 'practice soldering board to the

learning supervisor. if you are correct he will replace the faulty
board with one that works.

5. Check the radio. If it doesn't work you have not found the problem
and must go back and continue troubleshooting.

6. When your radio works, fill obit the MDC form and return it to your
learning supervisor for evaluation.

YOU HAVE NOW COMPLETED THIS MODULE. THE PERFORMANCE TEST WILL REQUIRE
THE SAME SKILLS AS THIS EXPERIMENT. 1r YOU FEEL THAT THE RESULTS OF
THIS EXPERIMENT INDICATE THAT YOU ARE READY TO TAKE THE END OF MODULE
PERFORMANCE TEST, SEE YOUR LEARNING SUPERVISOR. IF YOU FEEL YOU NEED

FURTHER STUDY BEFORE TAKING THE END Of MODULE TEST, YOU MAY REVIEW ANY
,PART OF THIS MODULE.

.%
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ANSWER SHEETS

FOR

MODULES

FIFTEEN THRU NINETEEN
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A.S. (EXP.) AS Fifteen-I-1

ANSWER SHEET
FOR

EXPERIMENT

LESSON 1

PART 1

Simpson-260 Multimeter Review

1.

2,

3.

4.

5.

6.

7.

8,

9.

a

b

b

c

c

a

c

a

b

23.

24.

b, e,

D

f, g, h, 1

1. Function Switch
2. Positive Test Jack
3. Range Switch
4. Common 'Test Jack
5. DC Voltage Scale
6. AC Voltage Scale
7. 2.5V AC Scale

r

G

E

A

B

C

10, d

11, b

12, c

13. c

,14. a

5. b
16. d

17. a
18, b

19. a

20. a
21, b

22. a

25. 1.

2.

3.

4.

5.

7.05V AC
35.2V AC
1.79V AC
176.5V AC

705V AC

23
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A.S. (EXP.) AS Fifteen-1-2

ANSWER SHEET
FOR

EXPERIMENT

LESSON 1
PART 2

Using the AN /PSM -l. Multimeter to Measure E, 1, and R

12. ER-101-16-18 VDC, ER-102-11-13 VDC, ER-103-5-5.6 VDC

13. E9 = 16 - 18 VDC

14. Requiv
=29k -33kii

15. R = 6k - 9k

16. 11.1.= 1.6 - 1.8 ma

17. = 2 - 3 ma

18. Ein 7.5 VAC

19. YES

20. E
c

= 6.5 - 7.5 VAC

21. 1

line
6.2 - 6.5 ma

I

c
= 3.5 - .55 ma

I = 6 - 7 ma

IR = 24 - 28 ma

22. DECREASE

23. lline = 1.0 - 1.4 ma

2.



1.

A.S. (EXP.) Fifteen-11

ANSWER SHEET
FOR

EXPERIMENT
LESSON II

Introduction to a Navy Technical Manual

1. Section 111, Operation

2. Figure 6-7

,

3. Section l, General Description

4. Part No. 2N2714

5. Section VI, Maintenance (Figure 6 - 6)

..

220
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4.

A,s. (EXP.)

ANSWER SHEET
FOR

EXPERIMENT
LESSON III

Parts and Symbol Identification
using fhe Technical Manual

\
.

.

Fifteen-III
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O

A.S. (P.C.) Seventeen-II

ANSWER SHEET
TO

PROGRESS CHECK
LESSON II

Obtaining a Line Trace

1. Sensitivity Control 1 Volt/cm

2. Horizontal Display X 1

3. Sweep Time Control 1 msec

4. Sweep Occurance Normal

5. Trigger Source INT

24;
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A.S. (Practice Sheet) Seventeen-III

1. 4 volts p-p

2. 1.2 volts p-p

3. 100 volts p-p

4. 3.2 volts p-p

S. v.56 volts p-p

I,

k

ANSWER SHEET
FOR

PRACTICE SHEET
LESSON III

Peak-to-Peak Voltage Calculations

24.1

223
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A.S. (P.C.) Seventeen -III

ANSWER SHEET
TO

PROGRESS CHECK
LESSON III

Signal Interpretation

Jack 1 1 18-20 V p-p

Jack If 2 19-23 V p-p

Jack 1 3 0.4-0.5 V p-p

Jack 1 4 5.6-6.6 V p-p

Jack 1 5 0.13 0.16 VELE

DUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY NOT DE EXACT; HOWEVER,
THEY WHOULD BE WITHIN + 10%.

2.1,)
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A.S. (A.V.) Seventeen-III

ANSWER SHEET
TO

A-V RESPONSE SHEET
LESSON III

Measuring Voltage: with an Oscilloscope

1. 8 cm

2. 1.5-2.0 cm

3. 1.5-2.0 volts p-p

4. 4 volts P-P

5. 5.0-6.5 vilti p-p

6. 2 volts/centimeters

4.

DUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY NOT BE EXACT.

225
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A.S. (EXP.) D

ANSWER SHEET
FOR

EXPERIMENT
LESSON IV

Signal Tracing the Audio Frequency Amplifier

2. d TP 18 = 0.008 v p-p
g TP 24 = 0.5-1.5 v P-1:0

3. a TP 19 = 2-3 v p-p
c TP 20 or TP 21 = v p-P

4. C19
0.008 v p-p
Shape change? NO

Amplitude change? NO

1/4 Shape change? NO

Amplitude change's NO

T3 Shape change? NO

Amplitude change? YES increase.

.4+

41.

Q5 or Q6
TP 22 or TP 23 = 5-8 v p-p
Shape change? NO
Amplitude chan4j YES increase.

T4 Shape change? NO
Amplitude chang7f YES decrease.

Seventeen-IV

DUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY VARY, HOWEVER, THE VOL'110E

RELATIONsHIPS'SHOKD BE THE SAME. A
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A.S. A.V.) Seventeen-IV

ANSWER SHEET
FOR

AUDIO VISUAL RESPONSE SHEET
LESSON IV

Signal Tracing the Audio Frequency Amplifier

1. CRT GRID .0G8 Volts

2. CRT GRID 1.8 Volts

3. CRT GRID 2.5 Volts

IIIIN11II1II1111111111111111111

111111111111111111111111111111

11111111111111111.
4. CRT GRID .5 Volts

=MENEM MN
111111111111111111111111
1111111111111111111111111

227 24 6



A.S. (A.V.)

5. CRT GRID

PINFINNIFINENFI
111111111111110111111111111111

1111111111111111E

Seventeen -IV

8 Volts

OUE TO EQUIPMENT DIFFERENCES YOUR ANSWERS MAY NOT BE EXACT, HOWEVER,
THE VOLTAGE RELATIONSHIPS,SHOULD BE THE SAME.

2.1.(y
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A.S. (EXP.)

9. .IV p-p

Eighteen-I

DUE TO EQUIPMENT DIFFERENCLs YOUR ANSWERS MAY NOT BE EXACT; HOWEVER,
THEY SHOULD BE WITHI'1 ± 10 %.

0 .

Ig

i .
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