




















































































































































































































































































































































































































































































































































































































































































































































































ELECTRONICS TECHNICIAN 3 

transistors (and heat dissipaters), printed cir­
cuits (and printed wire, etc. ) ,  removing and 
replacing components and/ or parts, and special 
and emergency techniques, are applicable 
to all modular constructed MODULAR 
ASSEMBLIES. 

A few examples of techniques and tools needed 
for the repair and maintenance of modular 
assemblies are shown in figures 1 3 - 1 9, 1 3-20, 
1 3-21 and 1 3-22. Figure 19 shows some of the 
recommended tools and aids for maintenance; 
figure 20 shows proper methods of applying 
and removing solder; figure 21 is an improvised 
tip for modular repair; and figure 22 gives 
a few additional soldering iron adapations. 

An easy way to reduce the number of hands 
required for working on printed circuit boards is 
to construct a chassis holding j ig. The one shown 
in figure 1 3-23 is versatile enough to accom­
modate most types of modular assemblies. Along 
with supporting the board during repair, this 
j ig will prevent slipping or flexing which could 
result in damage to the board. 

The j ig in figure 1 3-23 is constructed of 
l -inch by 4-inch milled lumber of which only 
2 feet 3 inches are required if · cut to the 
dimensions given. Three round-head slotted 
machine screws (10-32, 1 3/4 inches long), 
three flat washers (0. 1 99 ID, 3/8 inch OD--. 064 
inch TK), and three common hexagon nuts 
(No. 1 0-32) are required. The fixed head and 
feet are dowel fitted and glued as shown in the 
illustration. The illustrated j ig will hold a 
modular assembly up to approximately 1 0  inches 
wide. The jig should be secured to the work 
area by utilizing the existing threaded holes 
on the top of the work bench. 

Most of the other tools required for working 
with modular assemblies are readily available. 
Items such as diagonal cutters, long-nose pliers, 
curved needle-nosed pliers, flush-cutting pliers, 
and tube socket adapters should already be in 
the shop. 

Care in handling and proper packaging, to 
provide adequate protection against damage in 
transit or storage, is a must for an electronic 
assembly or associated repair part. In many 
cases, misplacement, improper identification or 
nomenclature, and damage to equipment repair 
parts in transit and storage are a direct 
result of thoughtless, careless action in the 
handling or packaging of the replacement or 
repairable part by the shipping activity. 
REMEMBER: Assembly parts are fragile; care ­
less handling and packaging may damage a 
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70. 121  
Figure 1 3 - 1 9. -Recommended tools and aids. 
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THE CORRECT METHOD 

A 

B 
CORE SOLDER 

STIIAND PLACED AT 

POINT OF CONTACT 

PRINTED CIRCUIT 

CONDUCTOR � 
PLASTIC BASE 

COMPONENT 

SOLDER 

COMPONENT 

PENCIL IRON TIP 

FWSH WITH CONDUClOR 

AND COMPONENT LEAD 

COMPONENT LEAD 
COMPONENT 

c 

PRINTED CIRCUIT 

CONDUCTOR 

COMPONENT 

MINIMUM AMOUNT 

dF SOLDER 

COMPONENT LEAD 

A. The correct and incorrect methods of 
soldering application. 

B. Correct method for removing solder from 
component without damaging the printed 
wiring circuits. 

C. Correct method for applying solder to a 
replaced component. 

70. 123 
Figure 1 3 -20. -Soldering techniques. 
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GROUND 
LEAD 

70. 123  
Figure 1 3-21 .  -Improvised soldering tip for 

modular repair. 

replacement or repairable elctroliic assembly 
or associated part beyond use. 

Care in handling and protection from damage 
are just as important for a defective module 
that can be repaired as for a new module.  
A new module receives special handling and 
protection against all normally encountered 
situations that could either damage or destroy. 

Modular assemblies are shipped in ac­
cordance with the applicable packaging specifica­
tions. When the issuing activity receives the 
assembly, the outer casing (crate or carton 
with the paper packing) is removed and the 
assembly is stored in a watertight package 
until drawn by the using activity. Thus the 
using activity receives with a new module the 
necessary packaging material to properly protect 
a defective module.  

The correct methods and the proper material 
to use for protective packaging of defective 
modular assemblies are shown in figures 
1 3 -24,25, and 26. The material shown is avail­
able to all activities and should be used as 

• 
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GROUND LEAD 
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LIFTED Fm>M CIRCUIT 

POCKETKNIFE 

G IMPROVISED METHOD 

Figure 13-22. -Special soldering iron adaptations. 
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SLOT
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t" RD. DOWELS 

I "  LON G  

ADJUSTABLE 
HEAD 

LOOSEN SCREW 
AND ADJUST FOR 
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COUNTER BORE 

MODULAR UNIT CHASSIS 
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COUNTER BORE 
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Figure 13-23. -Chassis holding jig. 
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PROTECT CONNECTORS 

PROTRUDING PINS 

OR PARTS 

BOLT DOWN CHASSIS 
TYPE AtiOOULE WITH 

PROTRUSIONS 

WRAP CELLULOSE 

PADDING AROUND UNIT 

COMPLETELY 

FOLD LIDS OF &OX 

TO INTERLOCK EACH 

OTHER OR TAPE 

PAD THE SIDES WITH 

CELLULOSE PADDIIC SO 
'fHAT MODULE IS 

TIGHT IH BOX 

70. 1 26 
Figure 1 3-24. -Packaging a bolt-down chassis. 

CORRUGATED CARDBOARD 
TOP AI4D BOTTOM 

PLUG IN BOARD 
TYPE MODULE 

CORRUGATED CARDBOA R D  
T O P  A l4 0  BOTTOM 

PADDIKG ARDUKD CARD· 
BOARD AIID MODULE IF 

PACKED IN BOX 

FOLD LIDS OF BOX TO 
INTERLOCK,OR TAPE 

IF MODULE IS SIIALL E R  THAN 

£t-_,.'-i--�- 6•• TO 8" DO HOT USE 80 X. WRAP 

CORRUGATED CARDBOARD WITH 
TAP E BOTH WAYS AROUI40 

CELLULOSE PADDING 
AROUND MODULE 

IF MODULE IS OVER 
6 .. OR 8" OR ORIGIHALL Y 

RECEIVED IN BOX 

70. 1 27 
Figure 1 3-25. -Protective packaging of a 

plug-in board. 

prescribed for storing or transferring defective 
modules until they are received by a shipping 
facility, which will properly package them for 
the trip to the factory or restoration facility. 

The using activity will have done its part 
in preventing transport damage to the modular 
assembly if the pins, shafts, dials, protruding 
parts, and so forth, are adequately fitted with 
packing spacers and if the module is properly 
wrapped with protective cellulose (Kimpak or 
similar material}. 
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70. 128  
Figure 1 3-26. -Packaging method for a 

plug-in module. 

Desiccant crystals are normally packaged 
with assembled equipment crated for shipping. 
These are retained in a bag and placed within 
the crated or packaged equipment in such a 
manner as to prevent them from coming loose. 
Do not use these desiccant crystals when 
packaging DEFECTIVE modules. The modules 
must be packaged too tightly for the use of 
crystals in bag form, and loose crystals may 
cause unnecessary damage-plus a cleaning 
problem. 

If a modular assembly becomes exposed to 
loose desiccant crystals, clean the assembly 
immediately. 

Much unnecessary damage has occurred to 
modular assemblies because of rough handling. 
Particular care must be given to the method 
of removing or inserting a module into the 
equipment. If the module is a plug-in board 
assembly, be sure the guide pins are properly 
aligned before pressing the assembly in place. 
If the board should tilt while it is being inserted, 
do not continue to press it into position; 
straighten it, and then apply even pressure to 
a void tilting. Forcing any tilted or cocked 
modular assembly into position may result in 
bent or broken pins. 

When removing a modular assembly, be sure 
to pull it straight out from the equipment. Do 
not cock, twist, pry, or carelessly jerk a module 
or modular assembly to remove it from its 
mounting or connector. Sometimes it may be 
necessary to loosen each screw little by little 
consecutively to prevent damaging by cocking. 
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Because of the miniaturization of parts for 
modular construction, leads, connectors, pins, 
and so forth, have been stiffened to ruggedize 
them. As a result, these fragile parts are brittle 
and will break easily if bent too often or pulled 
on too hard. When handling a module that has 
been removed from its chassis, be careful not 
to press against the leads and pins; if a lead or 
pin is accidentally bent, do not try to straighten 
it unless it is absolutely necessary. 

When repairing a modular assembly, be very 
careful that the tool employed does not in­
advertently press against leads, pins, or other 
parts that are easily bent, for such pressure 
can destroy a good part, and cause needless 
repair. 

One of the time-consuming elements of 
troubleshooting is the identification of specific 
components. In conventionally wired equipment, 
components are not always easy to locate; even 
the circuitry in the chassis can become confusing 
since related components are often positioned in 
decenti ali zed areas of the chassis. 

In equipment which includes printed circuit 
boards, identification of circuitry and com­
ponents may be relatively simple; this type of 
circuit construction allows uniform placement 
of components and complete sectionalization of 
related circuitry. Just a quick, once -aver glance 
of such circuitry is often all that a technician 
requires to formulate the overall layout of the 
chassis in his mind and quickly focus his attention 
on the area of particular concern. 

Many of the commercial manufacturers have 
developed methods of quick identification. One 
of the most common ways is to impose a grid 
over a drawing of the board, and then furnish 
a table which lists the part location. Another 
technique is to number points of interest on 
the schematic, then provide a pictorial guide 
to locate the points on the board. 

Circuit tracing of the printed wiring board 
may be simpler than that of conventional wiring 
due to increased uniformity. If the wiring board 
is translucent, a 60-watt light bulb placed 
underneath the side being traced will facilitate 
circuit tracing. Test points can be located in 
this manner without viewing both sides of the 
board. 

Resistance or continuity measurements of 
coils, resistors, and some capacitors can be 
made from the component side of the board. 
In some cases, a magnifying glass will help 
in locating very small breaks in the wiring. 
Voltage measurements can be made on either 

side of the board. However, a needle point 
probe like the one in figure 13- 7 is needed 
to penetrate the protective coating on the 
wiring. Hairline cracks can be located by making 
continuity checks as shown in Figure 13-9. 

A number of general precautions are nec­
ecessary when working with modular assemblies. 

Observe power supply polarities when meas­
uring the resistance of the circuits of modular 
assemblies containing transistors, or other 
semiconductors. Such parts are polarity-and 
voltage -conscious. Reversing the plate-voltage 
polarity of a triode electron tube will keep 
the stage from operating; but generally will 
not injure the tube; however, reversing the 
voltage applied to a transistor, or other semi­
conductor, will ruin it, INSTANTLY AND 
PERMANENTLY. 

Since transistors and similar components 
require different power supply connections, the 
personnel who work with these parts must always 
be alert in connecting test equipment. Make sure 
that the coxx ect polax ity and x ange axe observed. 
Recheck your work before turning on the power­
the WRONG POLARITY will DESTROY the part. 

GUARD AGAINST HIGH TRANSIENT CUR­
RENT OR VOLTAGES when testing or servicing. 
A damaging transient pulse may be caused in 
a number of ways. The list that follows re­
presents some of the most frequent accidental 
acts that should be and can be prevented. 

1. Applying of a-c power operated test 
equipment or soldering iron without first making 
certain that power line leakage current is not 
excessive. Use of an isolattion transformer is a 
good precaution to employ with all test equipment 
and soldering irons operated on a-c  power, 
unless it has been determined that the equipment 
contains a transformer in its power supply or 
shows no current leakage. With all test equipment 
(whether transformer-operated or not), it is good 
practice to connect a common ground lead first 
from the ground of the circuit to be tested, 
and then to the test equipment ground. 

2. Application of too high a pulse from 
test equipment. The safest procedure is to start 
with a low output signal setting, and then proceed 
to apply the required signal levels. Be sure that 
the signal applied is below the rating given for 
the circuit under test. Relatively high current 
transients can occur when test equipment is 
connected to a circuit where low-impedance 
paths exist. 

3. Moving loose connections, disconnecting 
parts, inserting or removing transistors or 
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similar components, and changing modular units, 
while the equipment power is on or while the 
circuit is under test. Moving a loose connection, 
or any of the actions mentioned, will cause an 
inductive kickback (due to stray inductance, if 
nothing else). This can be prevented by being 
sure that all parts in the circuit are secure 
before starting the test or turning on the 
equipment power. Be sure to remove all possible 
capacitance charges from parts and test equip­
ment before applying them to a modular assem­
bly. When changing modular assemblies, be 
sure the equipment power is off. 

Transistorized Training Aids 

The re are two general requirements for a 
skilled electronics technician. First, he must 
have a good knowledge of the theory, construction, 
and design features of the electronic equipment; 
and second, he must have sufficient mechanical 
skill and knowledge to successfully install, 
repair, and maintain the equipment. No matte r 
how methodically and quickly the teclmician can 
locate a defect in the equipment, the final 
results will be unsatisfactory unless he has 
the necessary skill to repair the equipment in 
a workmanlike manner. Under proper super ­
vision, the necessary skill can be obtained by 
the personnel who complete the following recom­
mended Transistor Training Aid Program. 

Transistor Training Aid 
Program 

The training aid program calls for the 
construction of five transistor circuits mounted 
on printed wiring circuit board plug -in units 
similar to those used in electronic assemblies. 

The training aid series in the EIB consists 
of five separate articles; (1) Phase I, keying 
oscillator (EIB 585); (2) Phase II, amplifier 
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(EIB 586); (3) Phase m, AM radio receiver 
(Em 587); (4) Phase IV, transceiver (Em 592); 
and (5) Phase V, FM receiver (not yet in print). 
After satisfactory completion of all five phases 
of the training aid program, the person com­
pleting it should have acquired the experience 
needed to qualify him to make emergency 
repairs on equipment of modular or unitized 
construction. 

The training aids to be built during this 
program will be duplicates of modular or 
unitized units in parts, material, and compact­
ness, and their construction will involve most 
of the problems encountered in the repair of this 
type of equipment. 

Additional procedures and techniques are 
also included in this training aid program, to 
give participating personnel further insight into 
the principles employed in the design and 
fabrication of a printed circuit. 

An additional source of information that 
will acquaint repair facility personnel and ship's 
electronics technicians with some of the more 
important techniques required for the repair 
and restoration of electronic assemblies is 
currently appearing in the Em entitled ' 'Repair 
and Maintenance Teclmiques for Electronic 
Assemblies. " This series consists of eight 
articles, the first appearing in the 3 January 
1 961 (551A) issue. Article numbe rs two through 
eight are contained in the following Ems- 552, 
553, 566, 567, 568, 569, and 570. It is recom­
mended that these articles be read by all who 
are participating in the training aid program, 
and before attempting to repair electronic 
assemblies. These articles also serve as an 
educational guide for a better understanding of 
the techniques and procedures required in the 
design, mounting, and soldering of minature and 
subminiature components onto plug-in board 
assemblies similar to those used in the training 
aid program. 



A PPEN DIX I 

TRAINING FILM LIST 

Training films that are directly related to the information presented 
in this training course are listed below. Under each chapter number 
and title the training films are identified by Navy number and title and 
are briefly described. Other training films that may be of interest are 
listed in the United States Navy Film Catalog. NavPers 10000 (revised). 

MC 459'7 

MN 6754 

MN 8990 

sc 8358 

Chapter 2 

ELECTRONICS SAFETY PRECAUTIONS 

For Safety's Sake. (13 min-B&W Sound Unclassified 
1945. ) Explains necessary precautions in handling 
power tools with emphasis on drills, grinders, and 
electric saws. Stresses importance of wearing goggles, 
keeping equipment in good condition, and grounding 
equipment Uses actual accidents to demonstrate results 
of carelessness. 

Safe Precautions For Electronics Personnel-Introduction. 
1 5  min. -B&W-Sound-Unclassified-1951. ) Shows 

electrical and mechanical hazards which electronics 
technicians encounter in normal work and stresses 
precautions which should be used to prevent accidents. 
Film content includes procedures for working on 
energized and deenergized circuits, handling of cathode­
ray tubes, preventive measures aboard ship, and the 
hazards of carelessness and practical jokes. Sresses 
necessity for cultivation of safe working habits. 

115  Volts-Deadly Shipmate. (19 min. -Color-Sound­
Unclassified-1960. ) This film te Us the story of Joe who 
is representative of all sailors and is based upon the 
reenactment of actual cases. It emphasizes the disas­
trous effects of low-voltage electrical shock when the 
basic rules of electrical safety are violated or ignored. 

This Will Kill You. (20 min. -Color-Sound-Unclassified. ) 
Shows many of the casualties and fatalities;  explains 
current, heat burns, first aid, difference between effects 
of a-c and d-e damage, and has a summary based upon 
a variety of case histories. All of the major "do's" and 
"don'ts" of electrical accidents are forcefully 
presented. 

381 



SA 7810 

ELECTRONICS TECHNICIAN 3 

Hazards of High Powered Radio Transmitters. (51 Frames­
B&W -Silent-Unclassified-1951 . )  Emphasizes the 
ever-present danger of shock and burns from high­
powered radio equipment. 

Chapter 5 

ELECTRONIC INSTALLATION 

MN-7848-E Search and Height Finding Radar-the AN/SPS-8 Introduc­
tion. (19 min. -B&W -Sound-Unclassified-1954.) General 
overall description of the AN/SPS-8 radar. 

MN -8099-A Radio Tele e S stems Afloat-General P rinci les of 
Operation. (1 5 min. -B&W -Sound-Unclassified-1956. Ex­
plains the reasons for radio teletype systems afloat, 
and describes briefly two different systems of trans­
mitting and receiving. 

MN-2565-A Transmission Lines-Maintenance of the Coaxial Line. (28 
min. -B&W -Sound-Unclassified-1944.) Description of 
the construction and principles of replacing and repair­
ing coaxial transmission lines. 

MN 6525-C Ground Aids to Air Navigation (Ship to shore). (1 9 min. ­
B&W-Sound-Unclassified 1955. ) Shows the theory and 
operation of TACAN. 

Chapter 6 

APPLICATION OF TEST EQUIPMENT 

MA-7812A Circuit Testing with Meters and Multimeters-Theory. (35 
min. -B&W -Sound-Unclassified-1951 . )  US Army 
TFll-1666. Describes the basic principles of meters 
and multimeters and illustrates their use in the opera­
tion and maintenance of communications equipment. 
Largely, through the medium of animation photography, 
the steps in building a meter are delineated. Included 
are voltmeter, vacuum tube voltmeter, ohmmeter, tube­
tester, and wattmeter. The general purpose multimeter 
is described as a combination of several meters. In 
radio, telephone , and teletypewriter troubleshooting, 
the meter is the most important and useful tool 
available. 

MA-7812B Circuit Testing with Meters and Multimeters-Practical 
Applications. (33 min. -B&W -Sound-Unclassified-
1951 . )  US Army TFl l -1667. Meters and multimeters 
are indispensable in the operation, maintenance and 
repair of electronic equipment. The equipment described 
includes: Volt-Ohm-Milliammeters, the Wheatstone 
Bridge, decibel meter and the tube tester. A step by 
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step procedure for using these meters is shown, followed 
by a description of how they are used in testing trans­
formers, capacitors, resistors, telephone loop circuits, 
etc. It is emphasized that the technicians should read 
the operating manuals for this equipment, and keep them 
handy for the reference purposes. Rigorous safety prac­
tices should be followed at all times. The film ends by 
stressing care of meters to preserve their accuracy. 

MN -8687B Reading Multimeter Scales. (6 min. -B&W -Sound-Unclas­
sified-1956. ) US Army TFll-2392. Multimeter scales 
must be read correctly for effective use of the instru­
ment in radio repair. All multimeters have similar 
scales. Using a typical multimeter, this film demon­
strates how to read the scales to measure direct cur­
rent, DC voltage, AC voltage, and resistance. 

MA-8688 Use of Signal Generator AN/URM-25D. (7 min. -B&W-
Sound-Unclassified-1 957. ) US Army TFll -2441 . The 
signal generator is an instrument designed to generate 
AC signals suitable for test purposes. It is used for 
trouble shooting or aligning signal communication equip­
ment. This film explains and demonstrates the sorrect 
use of Signal Generator AN/URM-25D. 

MN -1 540Q Radio Technician Training-Signal Generator Operation. 
(9 min. -B&W -Sound-Unclassified-1945. ) Use of sig­
nal generator in receiver alignment is subject of the 
picture. Use of modulation switch, adjustments needed 
to secure various frequencies (for example 456kc and 
87MC) and use of alternator switch is shown. Voltmeter 
gives visual check of adjustments while earphones 
provide audio alignment check. 

MN-1 540P Radio Technician Training-Tube Tester Operation. (9 
min. -B&W -Sound-Unclassified-1944. ) Shows testers 
designed to check (1 ) cathode emission, and (2) dynamic 
mutual conductance of tube. Emphasize use of instruc­
tion book supplied with tester and of the tube manual. 
Testers are practically fool proof. Simply turn index 
scale to number of tube being tested and follow lines to 
operate appropriate control of push button. 

MN-1 540R Radio Technician Traini -Audio Oscillator eration. 
9 min. -B&W -Sound-Unclassified-1945.) Explains 

operation of audio oscillator and demonstrates use. 
Performance of audio oscillator is shown by checking 
an amplifier with the audio oscillator and "A" scope 
illustrates and explains all knob turning. 

SN-658 Making Frequency Measurements with the CFI. (39 
frames-B&W -Silent-Unclassified-1 942. ) Describes 
steps in measuring radio wave frequency with the 
LM-CFl. 
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Chapter 7 

USE OF EQUIPMENT 

MN 21 04B The Cathode Ray Oscilloscope. (23 min. -B&W -Sound­
Unclassified-1 944.) Explains wide application of the 
cathode ray in making instantaneous graphs of the wave 
form of an electric current. Shows use of vertical am­
plifiers, horizontal amplifier, sweep generator which 
furnishes the time base cathode ray tube, and power sup­
ply. Illustrates the use of the course and fine sweep 
circuit to synchronize signals so that wave form is 
stationary. 

MN-21 04A The Cathode Ra Tube -How it Works. (1 5 min. -B&W ­
Sound- Unclassified-1 943. Demonstrates construction 
and function of each part of the cathode ray tube and how 
it produces visual images on a screen. Explains elec­
trostatic deflection, electro-magnetic deflection, and 
how varied currents affect position of the spot of light 
on the scope. 

SN-657 Calibratin the e LM C stal Fre uenc Indicator. 
( 42 frame s -B&W -Silent-Unclassified- 1 942. Demon­
strates calibration of type LM Crystal Frequency Indi­
cator. 

MN- 1 5408 Radio Technician Training-Volt-OhmmeterOperation. (1 5 
min. -B&W -Sound-Unclassified- 1 944. ) Demonstrates 
use of various types of volt-ohmmeters, (including the 
electronic meter) and gives cautions to be followed, such 
as using the large scale first, (R x 1 000; R x 1 0; R 
ranges available) and connecting the voltmeter in 
parallel (Scales; 600, 300, 30, 3 volts). 

Chapter 8 

SWITCHES, SWITCHBOARDS, AND SWITCHING SYSTEMS 

MN-6836 Shipboard Radio Communications-Remote Control trans ­
fer Switchboards. (1 1  min. B&W -sound-unclassified-
1 955. ) Describes communication switch type remote 
control transfer switchboards. 

Chapter 9 

COMMON OPERATING ADJUSTMENTS -RADIO TRANSMITTING 
AND RE CEIVING 

MN -8086A Radio Transmitting Sets AN/URT 2,3,4-Introduction. ( 1 5  
min. -B&W -Sound-Unclassified- 1 955.) Shows the 
units that comprise the three transmitters, the ca­
pabilities of each and how they are operated in a nor­
mal automatic condition including the setting up of ten 
channel frequencies. Procedures for semi-automatic 
and manual tuning are also shown. 
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MN-8086B Radio Transmitting Sets AN/URT 2, 3, 4-The RF Oscil­
lator. (17 min. -B&W -Sound-Unclassified-1955. ) 
Shows how the AN/URT series of transmitters generate 
and modulate carrier frequencies. Describes how the 
various circuits multiply, add, and subtract fre­
quencies to produce the final carrier frequency, and 
how the frequency is amplified in the RF Amplifier 
and modulated in the Low Level Radio Modulator for 
voice or key modulation. 

MN-8086C Radio Transmitting Sets AN/URT 2, 3, 4-The RF Am-
plifier and Modulator. (7 min. -B&W -Sound-Unclas­
sified-1 955.) Shows how the frequency is amplified in 
the RF Amplifier and modulated in the Low Level 
Radio Modulator for both voice and various types of 
keying modulation. 

MN-80860 Radio Transmitting Sets, AN/URT 2, 3, 4-Automatic 
Frequency Selection. (14 min. -B&W -Sound-Unclas­
sified-1 955. ) Shows how the telephone-type dial con­
trols the automatic frequency-selection circuit for 
switching the R-F Oscillator to the pre-set frequency. 

MN-8086E Radio Transmitting Sets, AN/URT 2, 3, 4-Automatic 
Bandswitching. (7 min. -B&W -Sound-Unclassified-
1 955. )  Shows how the Radio Frequency Amplifier 
divides the frequency range into six different bands 
and how the bandswitch motor automatically selects the 
band that includes the carrier frequency. 

MN-8086F Radio Transmitting Sets, AN/URT 2, 3, 4-Automatic Am­
plifier Tuning. (1 8  min. -B & W-Sound-Unclassified-
1 955.) Shows how the automatic amplifier tuning circuits 
tune the Intermediate Power Amplifier and the Power 
Amplifier. 

MN -8086G Radio Transmitting Sets, AN/URT 2, 3, 4 -Automatic 
Antenna Tuning. (18 min. -B & W -Sound-Unclassified-
1 955. ) Shows how the RF tuner and capacitor assembly 
automatically tunes the antenna to the frequency that 
has been selected for transmitting. This is the last of 
four automatic tuning operations that take place when 
a new transmitting frequency has been selected. 

Chapter 1 0  

COMMON OPERATING ADJUSTMENTS-TELETYPE 
AND FACSIMILE 

MN-8099A Radio Telet pe S stems Afloat-General Princi les of 
Operation. 1 5  min. -B&W -Sound-Unclassified-1 956. ) 
Explains the reason for radio teletype systems afloat 
and describes briefly two different systems of trans­
mitting and receiving. 
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MN-8099B Radio Teletype Systems Afloat-Tone Modulated System. 
(11 min. -B&W -Sound-Unclassified-1956. ) Describes 
operation of the tone-modulated system for short range 
radio teletype transmitting and receiving system. 

MN -8099C Radio Teletype Systems Afloat-Carrier Frequency Shift 
Transmitting System. (6 min. -B&W-Sound-Unclas­
sified-1 956 . )  Describes the long-range Frequency Shift 
Transmitting System used in shipboard radio teletype 
systems. 

MN -8099D Radio Teletype Systems Afloat-Carrier Frequency Shift­
Receiving System. (10 min. -B&W -Sound-Unclas­
sified-1 956. ) Explains simply the reason and operation 
of radio frequency shift system for radio teletype 
systems afloat. 

Chapter 1 1  

COMMON OPERATING ADJUSTMENTS-RADAR AND LORAN 

SN-1083 

SN-2357D 

SN-2357E 

SN-2357F 

Knob Turning-Radar No. 13 .  (53 frames-B&W -Silent­
Unclassified-1 942. ) lllustrates how to turn on and 
properly tune equipment, set focus and brilliance con­
trols, set antenna switches to homing, and proper 
method of reporting an object and turning off equipment. 

Loran-Principles of Operation. (70 frames-B&W­
Sound-Unclassified-1944. ) Describes the three basic 
parts of Loran: Transmitters on land; receiving and 
time measuring equipment; and plotting charts. Explains 
how the chart hyperbolas are constructed on the basis 
of a slave station emitting signals at definite time 
interval (somewhat more than 20,000 microseconds) 
after the master station emits its signal. Differentiates 
between ground waves (500-700 miles) and sky waves 
(1 500 miles at night. ) 

Loran-Alignment and Calibration. (66 frames-B&W­
Silent-Unclassified-1 944. ) Shows checks on alignment 
to be made before takeoff and before taking readings. 
Also covers checks on calibration of the delay, coarse 
and fine signal adjustments. 

Loran-Taking a Reading and Plotting a Fix. (43 frames­
B&W -Silent-Unclassified-1 944. ) Shows five steps in 
getting a time distance reading: selecting signals from 
one pair of stations; making the coarse delay adjust­
ment; making the day fine delay adjustment; and 
recording data. Then selecting a pair of signals from 
two other stations. Finally finding the hyperbola for 
reading of the first pair; finding the same for the 
second pair; and interpolating. Corrections are applied 
for sky waves and security time delay. 
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Appendix I-TRAINING FILM LIST 

Chapter 12  

MAINTENANCE PROCEDURES AND TECHNIQUES-PART I 

MA-8927A Radio Interference-Part !. (23 min. -B&W -Sound-Unclas­
sified-1958.) Explains the significance of radio inter­
ference and the manner in which it is produced. 

MA-8369 Calibrating and TUning Radio Set AN/PRC-10. (9 min. -
B&W-Sound-Unclassified-1955. )  US Army TF 11 -2181. 
Teaches the step-by-step procedure for calibrating 
and tuning Radio Set AN/PRC -1 0. 

MA-8862D Radio Set AN/GRC-26-Part 4-Setting up Receiver as 
Frequency Standard. (1 5 min. -B&W -Sound-Unclas­
sified-1958. ) US Army TF 1 1 -2563. This film portrays 
the step by-step procedure to set up Receiver "A" as a 
frequency standard. A demonstration frequency of 4280 
kc is used. 

MA-8927B Radio Interference-Part II. (37 min. -B&W -Sound­
Unclassified-1958. ) Shows how sources of radio inter­
ference can be tracked down, and how various kinds of 
interference are suppressed. 

MA-8681A Environmental Factors Affecting Reliability of Electronic 
Equipment. (1  7 min. -B&W -Sound-Unclassified-1956.) 
Presents the effect of naval shipboard environments on 
the reliability of electronic equipments. 

Chapter 13 

MAINTENANCE PROCEDURES AND TECHNIQUES-PART II 

MN-8086H Radio Transmitting Sets AN/URT 2, 3, and 4-Trouble­
shooting. (12 min. -B&W-Sound-Unclassified-1 955. ) 
Shows how to determine the general location of trouble 
in the AN/URT series of transmitters. Describes the 
use of various lights and meters to locate trouble, the 
built-in test oscilloscope for testing the operation of the 
internal oscillators and finally the external test 
equipment. 

MN -8572 Moistureproofing Electrical "AN" Type Connectors. (20 
min. -Color -Sound-Unclassified-1957 . )  Shows "pot­
ting" process. 
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APPE N DIX II 
QUALIFICATIONS FOR ADVANCEMENT IN RATING 

ELECTRONICS TECHNICIAN IETI 
Qua i s  Current Through Revi sion A 

GENERAL RATING (POl and CPO) 
SCOPE 

Electronics Technicians maintain, repair, calibrate, tune, and adjust elec­
tronic material (except airborne and weapon- control equipment) used for 
communication (except interior communication systems and teletype­
writers) detection and tracking, recognition and identification, aids to 
navigation, and electronic countermeasures. 

SERVICE RATINGS {P03 and PO� 
SCOPES 

ELECTRONICS TECHNICIAN N (Communications) . . . . . . . . . . . . . . .  . 

Electronics Technicians (N) maintain, repair, calibrate, tune, and adjust 
communications equipment, radio aids to navigation and radio counter­
measures equipment, including radio and facsimile equipment, teletype 
and similar types of terminal equipment, data transmission systems, 
radio direction finding and loran receiving equipment, and radio beacons. 

ELECTRONICS TECHNICIAN R {Radar) . . . . . . • . . . . . . . . .. . . . . . . .  

Electronic Technicians (R) maintain, repair, calibrate, tune, and adjust 
electronic sea, land, and air detection and tracking equipment, elec­
tronic recognition and identification equipment and radar countermeasures 
equipment, including search radar and radiac equipment, IFF systems , 
and racons. 

QUALIFICATIONS FOR ADVANC EM ENT 

A. SAFETY 

1 .00 Practical Factors 

.01 Demonstrate under simulated conditions the rescue of a person in 
contact with an energized electrical circuit, resuscitation of a 
person unconscious from electrical shock, and treatment for burns. 

.02 Demonstrate, while servicing equipment, safety precautions such 
as tagging switches, re moving fuses, and grounding test equipment, 
using shorting bars and rubber mat s . . . . . . . . . . . . . . . . . . 

2.00 Knowledge Factors 

.01 Effects of electrical shock, methods of resuscitation of a person 
unconscious from electrical shock, and treatment for burns 

.02 Electrical and electronic safety precautions (except tho se 
applicable exclusively to line construction) as set forth in 
Chapter 18, U. S. Navy Safety Precautions {OpNav 34Pl) . . . . . .  . 

B. ELECTRICITY AND ELE CTRONICS 

1.00 Practical Factors 

None . 
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E LECTRONICS I 

ETCM I 
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ETC I ............... ETl'-..., 
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ETN 
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Appendix ll-QUALIFICATIONS FOR ADVANCEMENT IN RATING 

QUALIFICATIONS FOR ADVANCEMENT 

B. ELECTRICITY AND ELECTRONICS-Continued 

2.00 Knowledge Factors 

.01 Definition and usage of common electrical, magnetic, and 
electronic terms including: 
a. Volt, ohm, ampere, watt, volt-ampere, henry, and farad . . . . . . 
b. Cycle, ampere-turn, coulomb, eireular mil, conductor, 

insulator, field intensity; and flux density . . . . . . . . . . . . . . . 

c. Gauss, permeability, hysteresis, eddy current, reactance, 
impedance, capacitance, inductance, self-inductance, and 
mutual and electromagnetic inductance . . . . . . . . . . . . . . . . . 

d. Power factor, frequency, phase, RC time, attenuation, 
absorption, and conductance . . . . . . . . . . . . . . . . . . . . . . . . 

e. Modulation, demodulation, detection, selectivity, sensitivity, 
and class A, B, C, and AB amplifiers . . . . . . . . . . . . . . . . .  . 

f. Filter, intermediate frequency, heterodyne, node, resonance, 
and nonlinear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

g. Sideband, single sidemnd, zero beat, AGC, and ganged tuning 

.02 Interpretation of RETMA color coding of fix�d capacitors and 
resistors and power, AF, and IF transformer connections . . . . .  . 

.03 Calculation of current, voltage, and resistance in d.c. series 
and parallel circuits containing not more than four elements . . . . . 

.04 Relationship of length and cross- sectional area to resistance of 
a conductor . . . . • • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 

.05 Relationship of resistance, temperature, and current in an 
electrical conductor . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 

.06 Methods of obtaining three general types of bias-fixed, cathode, 
and grid leak . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . 

.07 Construction of a.c. and d.c. motors and generators; application 
of laws of magnetism to electrical rotating machinery . . . . . . . . . 

.08 Function of components in electrical/electronic circuits serving 
as resistor s, rheostats, potentiometers, solenoids, inductors, 
relays, capacitors, fuses, switches, reactors, transformers, and 
crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

.09 Types, structure, maintenance procedures, and electrical char-
acteristics of mtteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.10 Function of elements used in vacuum tubes . . . . . . . . . . . . . . .  . 

. 1 1  Relationship of current, voltage, and impedance in a.c. circuits . .  . 

. 12 Calculation of current, voltage, phase, angle, impedance, power 
factor, and resonance in a. c.  series and parallel circuits con­
taining not more than four elements . . . . . . . . . . . . . . . . . . . . . 

. 13 Meaning of cathode ray tube presentations on electronic 
equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

.14 Cause and/or effect of sky, ground, and ground-reflected waves, 
and ionospheric reflecting layers on propagation . . . . . . . . . . . . . 

. 15 Electrical characteristics of Hertz, Marconi, and dipole 
antennas . . . . . . . . . . . .. . . . . . . • . . . . . . . . . . . . . . . . . . . .  

. 16 Function and operating principles of components of a typical pulse 
radar set; timer, modulator, transmitter antenna, receiver, and 
indicators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. 17 �unction and operating principles of: 
a. Stages of a typical radio transmitter; master oscillator, 

modulator, power amplifier, and antenna . . . . . . . . . . . . . . . . 

b. Stages of a typical superheterodyne receiver; antenna, RF 
amplifier, oscillator, mixer, IF amplifier, detector, AF 
amplifier, and speaker . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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ELECTRONICS TECHNICIAN 3 

QUALIFICATIONS FOR ADVANCEMENT 

B. ELECTRICITY AND ELECTRONICS-Continued 

2.00 Knowledge Factors-Continued 

c. Antenna couplers and remote control patching systems 
.39 Function and operating principles of the following: 

a. Audio, video, RF, and IF amplifiers . . . . . . . • . . . . .  

b. Oscillators: tickler-feedback, Colpitts, ultra-audion, TPTG, 
push-pull, electron- coupled, transistron, Hartley-crystal 
controlled, and basic multivibrator . . . . . . . . . . . . . . . . . .  . 

c. Rectifiers: copper oxide, selenium, silicon diodes, crystal, 
and electron tube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

d. Detectors: diode and crystal . . . . . . . . . • . . . . . . . . . . . . .  

e. Tuned coupling and AGC circuits . . . . . . . . . . . . . .  . 

f. Impedance matching, phase shifter s, cathode followers, 
limiters and clippers, sawtooth generator s, and phase 
inverter s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

g. Modulation: amplitude, frequency, phase and pulse; grid, screen, 
and plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

h. Coaxial transmission lines . . . . . . . . . . . . . . . . . . . . . .  . 

i. Differentiator s and integrators, peakers, discriminator s, 
clampers, and transistors . . . . . . . . . . . . . . . . . . . . .  . 

j .  Oscillators: blocking and Wein-bridge . . . . . . . . . . . .  . 
k. Trigger, coincidence, AFC, counting, and phase splitting 

circuits . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1. Para phase and magnetic amplifier s . . . . . . . . . . . . . . . . . 

m. Modular construction . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

n. Vacuum tubes, gas-filled tubes, cathode ray tubes and 
magnetrons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

o. Special purpose tubes such as traveling wave, carcinotrons, 
and high-powered klystron amplifiers . . . . . . . . . . . . .  . 

.40 Operating principles of basic meters and meter movements 
employing the following: 
a. D'Arsonval and electrodynamometer movements • . . . . .  

b. Shunts and multipliers . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

c. Thermocouples and r ectifiers in a.c. meters . . . . . . . . • . . .  

.41 Operational capabilities arid limitations of electronic equipment 

.42 Method of connecting moving element to resistors to form 
voltmeter or ammeter; meaning of meter sensitivity and effect 
of circuit loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.43 Computations required to determine size of shunts and multi-
pliers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

.44 Characteristics and use of synchro s and servomotors; methods 
of setting to electrical zero; purpose of gain, phase, and 
balance adjustments . . . . . . . . . . . . . • • . . . . . . . • . . . . . . . 

.45 Function and operation of the following: 
a. Electronic switch, synchroscope and spectrum analyzer . . . . .  
b. Absorption wavemeter, grid dip and radio-interference 

field- intensity meters . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. 46 Applications and basic principles of wave guides, T /R and AT /R 

tubes, klystrons and magnetrons, crystal mixers, and radar 
modulator s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.47 Cause and/or effect of an induction field and radiation field . . 

.60 Operating principles and radiation characteristics of parabolic 
and lens antennas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.61 Operating principles and characteristics of, and repairs and 
calibrations authorized on, electronic test equipment in items 
D1.01 and 82 .45 . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  
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Appendix II-QUALIFICATIONS FOR ADVANCEMENT IN RATING 

QUALIFICATIONS FOR ADVANC EMENT 

B. ELECTRICITY AND E LECTRONICS-Continued 

2 . 00 Knowledge Factors-Continued 

.80 Theory of single sideband radio transmission and reception 

. 8 1  Polarization and directional characteristics of antenna arrays 
such as driven arrays (collinear), parasitic arrays (Yagi), 
parabolic, corner or flat reflectors, phased arrays, waveguide, 
and type antennas • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C. OPERATIONAL MAINTENANCE 

1.00 Practical Factors 

.01 Inspect, clean, and lubricate electronic equipment in accordance 
with technical publications . • . . • . • . . . . . . . . . • . . . • . . . . . . 

.02 Test and/or replace plugs, lamps, fuses, switches, electron tubes, 
jacks, cables, and wiring . . . • . . . . . . . .  � . . . . . . . . . . . . . .  . 

. 03 Select, use, and maintain handtools and small portable power 
tools necessary for maintenance and repair of electronic 
equipment . . . . . . . . • . • . . . . . . . .  , . . . . . .  , . . . • . . • . . . .  

• 04 Perform operational tests and make external adjustments on 
elect! onic equipment • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 

.05 Utilize distribution patching system for radio transmitters, 
receivers, and antennas for all local and remote operation 
positions . . . . . . . . . . . . . . . . . . . . . . .  , . • . . . . . . . . . . . . .  

• 06 Inspect and clean commutator s and slipring assemblies; inspect 
and replace brushes . . . . . . . • . • . . . • . . . .  

-
. . . , . . . . . . . . .  . 

.0'1 Make electrical connections and splices including soldering 
joints . . . • • • • • • . . . . . . . . . . . . • . . . . . . . . . . . . . .  · · · · · 

.08 Manipulate external controls; read and interpret dials, meter 
indications, and cathode ray tube presentations on electronic 
equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. 09 Read schematic wiring diagrams of electrical and electronic 
circuits; identify and interpret electrical, electronic, and 
mechanical symbols shown in electronic technical maintenance 
publications and installation blueprints . . . . . . . . . . . . . . . . . . 

2 . 00 Knowledge Factors 

D. 

. 01 

.02 

• 80 

Importance of using proper lubricants and solvents in 
maintenance of electronic equipment . . . . . . . . . . . .  . . . . . . . . .  

Purpose of operator ' s  controls and adjustments such as: 
a. Receiver gain, transmitter tuning and antenna tuning . . . . . . . .  
b. Radar intensity, focus, receiver tuning, antenna rotation, 

range, and IFF interrogation switch, loran sweep speed switch, 
and coarse and fine delay . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effects of environmental conditions upon operation of electronic 
and electrical equipment and special maintenance techniques 
involved for equipment to be operated at extreme temperature 
and humidity . . . . . . • . . . . .  . . .  •· . . . . . . . . . . . . . . . . . .  

TECHNICAL MAINTENANCE 

1.00 

.01 

Practical Factor s 

Demonstrate use of the following test equipment: 
a. Electronic and nonelectronic multimeter s 
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ELECTRONICS TECHNICIAN 3 

QUALIFlCAftONS FOR ADVANCEMENT 

D. TECHNICAL MAINTENANCE-Continued 

1 .00 Practical Factors-Continued 

b. Tube tester, o scilloscope, and AF signal generator . . . . . . . .  . 

c. Capacitance-inductance-resistance bridge . . . • . . . . . . . • . . .  

d. RF signal generator, frequency standards, and megohm meter . . 

e. Range mark generator and echo boxes . . . . . . . . . . . . . . . . .  . 

.02 Make tests for short circuits, grounds, and continuity of 
interconnecting cables between components of electronic 
equipment . . . . . • • • . • . . . . . . . . . . . . . . • • . . . . . . . . .  

.03 Localize equipment casualties to components of a system of 
electronic equipment . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . .  

.04 Locate and identify components, assemblies, subassemblies, and 
primary and casualty power circuits of electronic equipment by 
reference to technical maintenance publications, block 
diagrams, am installation blueprints . . . . . . . • . . . . . . . . .  

.05 Locate in technical and maintenance publications information 
necessary for maintenance and repair of electronic equipment; 
enter corrections to publications when changes are made . . . .  

.40 Effect authorized field changes to electronic equipment in ac­
cordance with. instructions and diagrams . . . . . . . . . . . . . . . • .  

.4 1 Operate the following test equipment: 
a. Electronic switch and spectrum analyzer . . . . . . . . . . . .  . 

b. Synchroscope . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  

c. Absorption wave meter , grid dip, am radio- interference 
field-intensity meters . . . . . . . . • • . . . . . . . . . . .  

.42 Test electronic circuits for continuity, short circuits, and 
grounds; measure electrical quantities such as voltage, current, 
power, and frequency, and compare with established values; use 
an oscilloscope to view circuit waveforms and compare with e s­
tablished optimum performance waveforms required in electronic 
equipment . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  

.43 Perform sensitivity and selectivity measurements and aline 
circuits as necessary for optimum performance of electronic 
equipment . . . . . . . • • . . . . . . . . • . . • . . . . . . . . . . . . .  

.44 Localize electronic equipment casualties to parts or subassemblies; 
repair by replacement of subassemblies or parts . . . . . . . • .  

.45 Repair multimeter s, o scilloscopes, test oscillators, and signal 
generators . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .  

.46 Perform tests, adjustments, and repairs necessary for proper 
operation· of electromechanical servomechanisms and synchro control 
circuits including: 
a. Electrical zeroing of synchros . . . . . . . . . . . . . . . . . . . . . .  . 

b. Testing servomotor s and amplidynes . . . . . . . . . . . . . . . . .  . 

c. Gain, phase, and balancing adjustments . . . . • . . . . . . . . . . . .  

.60 Repair countermeasures equipment • . . . . . . . . . . . . . • . • . . . .  

. 6 1  View and compare with established standards, waveforms of the 
following circuits: Squaring and peaking, clamping circuits, 
high vacuum tube sweep generators (hard tube type}, trapezoidal 
sweep generator, phantastrons, blocking oscillators, and 
counting circuits . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . 

• 62 Aline circuits by synchronizing multivibrators or blocking 
o scillators with sine wave, positive pulses, or submultiples of 
trigger frequency, or negative pulses . . . . . . . . . . . . . . • • . 

.63 Analyze and evaluate electrical and electronic tests; make ad­
justments, calibrations, and repairs necessary for optimum 
performance of electronic equipment . . . . . . . . . . . . 

392 

Required for 
Advancement to 
ETN E TR E T  

3 
3 
3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 
2 
2 

3 
3 
3 
3 

3 

3 

3 

3 

2 

2 
2 

2 

2 

2 

2 

2 

2 
2 
2 

1 

1 

1 

1 



Appendix ll-QUALIFICATIONS FOR ADVANCEMENT IN RATING 

QUALIFICATIONS FOR ADVANCEMENT 

D. TECHNICAL MAINTENANCE-Continued 

1 . 00 Practical Factors-Continued 

.64 Evaluate test equipment for correct operation; make authorized 
repairs and calibrations . . . . . . . • . • . . . . . . . . . . . . . . . . • . .  

. 79 Adjust antenna arrays such as: Driven arrays (collinear), 
parasitic arrays (Yagi), parabolic, corner, or flat reflections 
back of dipoles, phased arrays, and waveguide type antennas for: 
a. Traffic requirements . . . . • . . • . • . . . . . . . . . . . • . . . . . . .  

b. Environmental conditions . • . . . • . . . • . . . . . . . • . . . • . . . _. 

.80 Test and evaluate for proper and secure installation and optimum 
performance, newly installed or overhauled components assem­
blies, or subassemblies of electronic equipment • • • • • . • • • • • • •  

2 .00 Knowledge Factors 

.01 Method of soldering and soldering equipment used in maintenance 
and repair of electronic equipment . . . . • . . . . . . . . . . • . . . . . . 

.40 Application of oscilloscope waveform analysis to location of 
circuit maUunctions • , , • , • , , • . . . • • • • • • • • , , • • • • • • • • . . 

E. E LECTRONICS ADMINISTRATION 

1 . 00 Practical Factors 

.01 Record test data and work accomplished in required work logs, 
equipment histories, and checkoff lists . . . . . . . . . . . . . . . . . .  . 

.02 Take, record, and report inventories of tools and portable test 
equipment available for maintenance and repair of electronic 
equipment . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  

• 03 Prepare Current Ship ' s  Maintenance Project (CSMP) • . . . . . . . . .  

.40 Gather information for, and prepare and complete entries in, 
electronic equipment failure reports . . . . . . . . . . . . . . . . . . . . . 

.41 Prepare job orders and work requests • . . • . . . . . . . . . . . . . . .  

.42 Obtain part and stock numbers from technical and supply 
publications for tools and replacement parts; . procedures for 
requisitioning such material . . . . . . . . . . • . . . . . . . . . . . . . . . 

.60 Prepare and complete periodic or recurring reports concerning 
performance and/or maintenance of electronic equipment . . . . . .  . 

.61 Inspect completed work logs and checklists; review electronic 
equipment failure r-eports, requisitions for tools and replacement 
parts, inventories of tools and portable test equipment, job orders, 
and work requests • • . . • . • . . . . . . . . . . . . . . . . . . . • . • . . . .  

• 62 Supervise and train per sonnel in maintenance and repair of 
radio, radar, and countermeasures equipment . . . . . . . . . . . . • .  

.80 Qualify individual operators to carry out authorized performance 
standards tests on electronic equipment to which assigned • . . . . .  

.81  Evaluate complete electronic equipment failure reports, requisitions 
for tools and replacement parts, inventories of tools and portable 
test equipment job orders, work requests, electronic equipment 
histories, and periodic or recurring reports concerning perfor-
mance and/or maintenance of electronic equipment . . . . . . . . . . . 

82 Organize and administer maintenance and repair of electronic 
equipment . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . • . .  
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QUALIFICATIONS FOR ADVANCEMENT 

E. ELECTRONICS ADMINISTRATION- Continued 

2 . 00 Knowledge Factors 

.01 System of assigning "AN'' letter-number combinations as designa­
tion for electronic equipment . . . . . . . . . . . . . . . . . . . . . . . . 

. 02 Types of information contained in electronic technical and 
maintenance publications . . . • . . . . . . . • . • . . . . . . . . . . . .  

.60 Methods, techniques, and devices applicable in electronic 
maintenance training of teams and individuals . . . . . . . . . . . .  . 

.80 Procedure s for accounting for electronic equipment, maintaining 
control of inventories and workflow, and reporting equipment 
status and work accomplished . . . . . . . . . . . . • . . . . . . . . .  

.81 Current bureau directives on operational and maintenance 
responsibilities of enlisted personnel for electronic equipment 
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Absorption-type wavemeter, 1 14 
Active duty requirements for advancement, 3 
Adapter, indicator, MX- 1399/SPS- 10,  301 
Adjustments, facsimile equipment, 273-295 

frequency-shift converter CV- 172A/U, 283-
286 

frequency-shift keyer KY - 75/SRT, 278-280 
modulator, radio MD- 168/UX, 280-282 
receiving equipment, 282 
recorder set AN/UXH - 2, 289-295 
recording RD- 92A/UX, 286-289 
transceiver TT-41B/TXC- 1B, 273-278 

Adjustments, teletype equipment, 254- 273 
communication patching panel SB- 1203/UG, 

270 
conver er-compara or groups, 

AN/URA-8B, 256-265 
AN/URA- 17, 265-270 

frequency-shift keyer KY - 75/SRT, 255 
transmitter teletype control unit C - 1004A/ 

SG, 270-273 
Advancement in rating, 1 - 8  

active duty requirements , 3 
Electronics Technician rating, 1 
enlisted rating structure, 1 
inactive duty requirements, 4 
materials used in, 5 
preparing for, 2 
qualifications for , 2 
Quais Manual, 6 
Record of Practical Factors, 6 
training, 7 

courses, 7, 8 
films, 8, 38 1 

Air filters, maintenance of, 324 
Alteration and repair, 3 18,  3 19 
Alteration Record Card, NavShips 530, 37 
AM - 1845 /UXH-2 electrical control amplifier, 

291 
Ammeter, use in test oscilloscopes, 135 
Amplidyne, 93 
Amplifier Assembly AM-5 18/SSA, 198 
Analyzer capacitance- inductance-resistance, 99 
AN/APS-2 radar set, designation system for, 17 
AN electronic type designation system, 17-24 

equipment indicator letters, 18 
set identification, 17 
table of component indicators, 20- 24 

AN-GRC-27A, 231 radio transmitter-receiver 
set, 231,  232 

AN/PSM- 2A insulation test set, 330 
AN/SGC- 1A tone converter, 266 
AN/SPA- 8A repeater, 66 
AN/SPS-8B radar set, 64 
AN/SRN- 6  radio set, installation of, 60 
AN/SRR- 11 ,  12, and 13 radio receiving sets, 

224-231 
external adjustments, 228- 230 
general description of, 224-228 
summary of operation, 230, 231 
troubleshooting chart, 356 

AN/SRT- 14 troubleshooting chart, 354 
AN/SRT- 15 radio transmitting set, adjustments 

on, 
antenna coupler, 219 
low-level radio modulator, 213-215 
power supply, 215-219 
radio frequency amplifier, 2 1 1  
remote control unit, 219 
r-f  tuner, 219 
transmitter coupler, 216 

Antenna assembly AS-936A/SPS- 10B, 301 
Antenna resistance measurements, 1 10 
Antennas and transmission lines, 328-332 
Antennas, safety precautions, 13 
Antenna systems, installation of, 80-84 
Antenna transfer panel, type 23406, 195 
AN/UCC -1 teletype terminal equipment, instal-

lation of, 52 
AN/UPM-56 radar test set, 165- 169 
AN/UPM-99 radar test set, 169- 174 
AN/UPN- 12 loran receiving set, 3 10 
AN/URA-8B converter-comparator group, 256-

265 
AN/URA-17 converter-comparator group, 265-

270 
AN/URC-32 radio set, 241-253 

audio and control unit block diagram, 245 
CW and FSK unit, 249 
frequency generator, 249 
general description of, 245 
operating procedure, 25 1 
power amplifier, 250 
sideband generator, 246- 249 
tuning procedure,  25 1-253 
turning on equipment, 251 

395 
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AN/USM- 24 synchroscope, 138- 145 
AN/UXH- 2  recorder set, 289-295 
Artificial respiration, 9 
Atmospheric noise, reduction of, 88 
Attenuator networks, 29-32 
Average power, 108 

Background noise, reduction of, 88 
Balanced modulator, installation of, 45 
Bidirectional coupler, 109 
Bleeder resistors, 12 
Bolometer methods of measuring r-f energy, 

1 13 
Bonding compound, 367, 371  

removing a defective part from, 367 
Bridge, ZM- 1 1/U, 100 
Brushes, use in maintenance of electronic 

equipment, 326, 246 
Bulkhead mountings, 94 
Bulletins , technical, 33 
Bureau of Ships Journal, NavShips 250-200, 34 
Bureau of Ships Technical Manual, NavShips 

250-000, 34 

Cables, installation of, 74-76 
Calibration chart, 1 15 
Canvas wiper, 328 
Capacitance bridge, 103 
Capacitance- inductance- resistance analyzer, 99 
Capacitance measurements, 102 
Capacitors, safety precautions, 10 
Cathode-ray tubes, safety precautions when 

handling, 14 
Chassis holding j ig, 377 
Chassis wiring, standard colors used in, 29 
Cleaning electronic equipment, 323 
C leaning solvents, use in maintenance of elec­

tronic equipment, 323 
Collector leakage current, 126, 338 

measurement of, 126 
test, 338 

Collector rings and commutators, 327 
Combination test sets, 99 
Communication equipment, installation of, 43-

56 
facsimile, 53-56 
radio, 43-48 
radio teletype terminal equipment,  48-53  

Communication patching panel SB- 1203/UG, 270 
Commutators and collector rings, 327 
Comparator CM-22A/URA-8A, 260 
Compass equipment, radio, installation of, 57 
Component identification, 20 
Compressed air, safety precautions, 323 
Conductor marking, 28 
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C - 1004A/SG transmitter teletype control unit, 
270-273 

Converter-comparator group AN/URA-8B, 256 
Converter-comparator group AN/URA-17 ,  265-

270 
Correspondence courses, 8 
Corrosion of metal surfaces, correction of, 346 
Cosmic noise, reduction of, 88 
Countermeasures, electronic, 71 
Counter type frequency meter, 1 17  
Courses, training, 7 

correspondence, 8 
Crystal diodes, testing of, 334 
Current Ship's Maintenance Project (CSMP),  36  
CV- 172A/U frequency-shift converter , 283-286 

Data switching group OA-496/SSA, 198-200 
Dbm-to-watts conversion chart, 168 
Decibel, 108 
Dental and medical department tools, use in ser-

vic ing electronic equipment, 322 
De§ignations, terminal, 26 
Directional coupler, 108 
Dummy antenna c ircuit, 124 

Earphones and microphones, maintenance of, 
339 

Echo box TS-275/UP, 145- 160 
connecting to radar, 147 
frequency calibration, 147 
illustration of, 146 
power output, 152 
ringtime measurements , 149 
spectrum analysis, 150- 152 

Electrical Control Amplifier AM- 1845/UXH- 2, 
291 

Electric shock, prevention of, 9, 10 
Electronic counter, 524D, 1 18 
Electronic equipment, designation system for, 

17-24 
component identification, 20 
equipment indicator letters, 18 
set identification, 17  
table of component indicators, 20-24 

Electronic Equipment Failure/Replacement Re­
port DD-787, 39  

Electronic Equipment Operational Time Log, 
NavShips 4855, 39 

Electronic equipment history card, NavShips 
536, 35 

Electronic equipment, wiring color code for , 29 
Electronics installations, 43-97 

antenna systems, 80-84 
cables, 74-76 
communications equipment, 43-56 
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Electronics installations-Continued 
facsimile, 53-56 
radio, 43-48 
radio teletype terminal, 48-53 

countermeasures, 7 1  
filters, 88-92 
foundation and racks, 73 
grounding, 74 
multicouplers, 85-88 
navigational equipment, 56-64 

loran, 60-64 
radio compass,  57  
radio direction finders, 56 
sector beacons, 58 
tacan, 59 

power cables ,  76-78 
power system, 92 
radar equipment, 64- 7 1  
radio teletype terminal equipment, 48-53 
r-f cables, 78-80 
shock mounts ,  73 
timing circuits, 72 

m m an ennas an ransm1ss1on 
lines, 84 

Electronics Installation Practices Manual 
(EIPM), NavShips 900- 171 ,  34 

Electronics Performance and Operational Re­
port, NavShips 3878, 40 

Electronics Technician rating, advancement in, 
1 - 8  

Electronics Type Designator System (AN sys-
tem), 17-24 

component identification, 20 
equipment indicator letters,  18 
set identification, 17 
table of component indicators, 20-24 

Electronic voltmeter, 98 
Electron tubes,  testing of, 332-334 
Emergency ratings, 1 
Emergency techniques, 370- 373 
Enlisted rating structure,  1 
Equipage stock card and custody record, 40 
Equipment failure and performance records, 37 
Equipment nomenclature and designations, 17-32 

attenuator networks , designations for, 29-32 
joint electronics type designation system 

(AN system), 17-24 
component identification, 20-24 
set identification, 17-19  

model letter system, 25 
terminal designations, 26-29 
wiring color code for electronic equipment, 

29 
wiring diagrams, 25 
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Facsimile equipment 
adjustments on, 273-295 
installation of, 53-57  

Faulty circuits, localizing of, 351  
Field change, 3 19  
Field- intensity measurements, 107 
Films, training, 8, 381 
Filters, 88-92 
First aid training course, 9 
Frequency division multiplexing, installation 

of, 50 
Frequency measurements, 107, 1 14 
Frequency-power meter 

chart, 161  
troubleshooting TS-230B/AP, 1 60- 165 

Frequency- shift converter-comparator group 
AN/URA- 8B, block diagram of, 259 

Frequency-Shift Converter CV-89A/URA-8A ,  
261 

Frequency-Shift Converter CV- 1 72A/U, 283-286 
Frequency-Shift Keyer KY -75/SRT, 278-280 

adjustments on, 255 

Gases, poisonous , safety precautions, 10 
General ratings, 1 
Germanium crystals , 335 
Goggles, protective, 14 
Greasing procedures, 324 
Grounding of equipments and components, 12,  74 
Gyrocompass selector switch, 202, 203 

Handbooks, technical, 33 
Height-finding radar system AN/SPS-8B, 64 
Heterodyne type frequency meter , 1 15 
HF multicouplers , installation of, 87 
Hypodermic syringes, use in servic ing elec-

tronic equipment, 322 

IFF equipment, installation of, 70 
Impedance triangles, 106 
Inactive duty requirements for advancement , 4 
Induced voltages, 13 
Inductance measurements, 104, 105 
Installation and maintenance manuals , 33 
Insulated controls, 1 2  
Insulation testers, 98 

AN/PSM-2A test set, 330 
use in testing antenna systems, 329 

Interference measurements, 107 
Interlock switches, 1 1  

Jacks , telephone type, 181  

Keyer Adapter KY -44A/FX, 278 
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Knife switches, 1 78 
KY -44A/FX keyer adapter, 278 
KY- 75/SRT frequency-shift keyer, 255, 278-280 

Lamp-local method of measuring resistance, 
1 13  

Lever pileup switches, 178  
Lissajous figures, 135 - 137 
Localizing faulty circuits, 351  
Local oscillator, tuning of, 153  
Loran, installation of, 60-64 
Loran Receiving Set AN/UPN- 12, 309-316  

block diagram of, 3 1 2  
cathode-ray tube presentations, 314 
operating procedures, 315 

Low-pass and high-pass filters, 93 

Magnifying glass, use to locate a hairline 
crack, 365 

Maintenance and installation manuals , 33  
Maintenance procedures and techniques, 317-380 

air filters, 324 
alteration and repair, 3 18, 3 19  
antennas and transmission lines, 328-332 
beyond the capacity of ship or station 

forces, 3 19  
cleaning practices, 323 
corrective procedures, 348-380 
earphones and microphones, 339 
emergency techniques, 370-373 
lubrication, 324 
modular assemblies, 373 
motors and motor-generators, 325-328 
packaging methods, 378 
Performance,  Operational and Maintenance 

Standards for Electronic Equipment, 320 
preventive maintenance procedures, 319  
radiac equipment, 347 
radar equipment, 345-347 
radio receivers, 343-345 
radio transmitters, 339-343 
safety practices, 322 
soldering technique, 375 
testing, 332-339 

crystal diodes,  334 
electron tubes, 332-334 
transistors, 337-339 

tools, 320-322 
transistorized training aids, 380 
troubleshooting, 348-380 

localizing faulty circuits, 351  
miniature components and devices, 357 
radar equipment , 357 
radio equipment, 353-357 

Maintenance publications, 320 
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Man-made noise, 88 
Manual of Qualifications for Advancement in 

Rating , 6 
Manuals, technical, 34 
Mark X code, generation of, 173 
MD- 1 68/UX modulator radio, 280-282 
Meters to be read in 3 ,  4, and 5 in part II, 

Maintenance Standards Book, 341 
Microammeter, 98 
Microphones and earphones, 339 
Microwave antenna, installation of, 83 
Military requirements for advancement in rat-

ing, 6 
Military Standards of Graphical Symbols for Elec­

trical and Electronic Diagrams, 25 
Miniature components and devices, corrective 

maintenance, 357 
Model letters, 25 
Modulation measurements, 137 
Modulation, radio equipment, 43-47 
Modulator assemblies, 373-380 
Modulator, radar, MD- 176A/SPS- 10, 298 
Monitor oscilloscope patterns for converter-

comparator group AN/URA-8B, 262 
Motion picture films for training, 8, 381 
Motor-generator sets, 93, 96 

illustration of, 96 
Movies, training, 8 
Multicouplers, installation of, 85-88 
Multimeters, 98 

Navigational equipment, installation of, 56-64 
loran, 60-64 
radio compass, 57 
radio direction finders, 56 
sector beacons, 58 
tacan, 59 

Navy model letter system, 25 
Navy training courses, 7 
Needle probes, 364 
Noise, filters for reduction of, 88 

Operating conditions and control settings, elec-
tronic equipment, 342 

Oscillators,  1 15 
Oscilloscope, 98 
Oscilloscope OS-8B/U, 128- 140 

block diagram of, 129 
controls of, 128- 130 
deflection sensitivity, 131  
distortion, 132  
frequency ranges, 131 
general information, 130 
input circuit, 130 
Lissajous figures, 135- 137 
modulation measurements, 137, 138 
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Oscilloscope OS-8B/U-Continued 
signal tracing, 133 
stray pickup, 132 
use as a measuring device, 133-135 
voltage dividers,  131  

Own ship's course selector switch, 202 

Packaging methods in maintenance procedures, 
378 

Painting electronic equipment, safety precaut-
ions , 15  

Pickup horn, 109 
Plug- in board, protective packaging of, 378 
Plugs and receptacles, grounded type, 12  
Poisoning from radioactive materials , safety 

precautions, 14 
Polar coordinate presentation of tacan data, 59 
POMSEE program, 320 
Power 

cables,  installation of, 76-78 
conversion chart, average-to-peak, 169 
line filters,  93 

, 
measurements, 106 
meter, 98 
system for electronic equipment,installation 

of, 92 
PP- 1901/UXH-2 power supply, 291 
Precipitation, static reduction of, 88- 92 
Preventive maintenance procedures, 3 19 
Printed circuits, troubleshooting procedure 

for,  364-372 
repairing a broken printed circuit board, 372 
special techniques , 366 

Professional requirements for advancement in 
rating, 6 

Protective clothing, 14 
Publications 

maintenance, 320 
technical, 33-35 

Push switches, 177 

Qualifications for advancement in rating,2,  388-
394 

Radar duty cycles, 164 
Radar equipment 

installation of, 64- 7 1  
maintenance ,  3 4  7 

corrective maintenance, 357 
Radar performance figure, 174-176 
Radar performance measurements, 108 
Radar selector switches, 202 
Radar Set AN/SPS- 100, operating adjustments 

on, 296-309 
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description and function of units,  296-302 
functional block diagram, 302-305 
operation, 305 

prechecks, 305 
starting the equipment, 306-308 
tuning adjustments, 308, 309 

power supply, 298 
Radar switchboard, diagram showing route of 

signals from radar to repeater, 208 
Radar test sets, 99 

AN/UPM-56, 165- 169 
AN/UPM-99, 169- 174 

Radiac equipment, maintenance of, 347 
Radiation, safety precautions, 14 
Radioactive electron tubes, safety precautions, 

1� 
Radio compass equipment, installation of, 57 
Radio facsimile FS reception, 284 
Radio frequency circuits, safety precautions, 10 
Radio frequency units, measurements in, 110 
Radio, installation, 43-48 

compass equipment, 57  
1 m ers ,  

Radio maintenance, 353-357 
Radio receiver and transmitter remote-control 

transfer switchboards, 185- 194 
interconnections between transfer switch­

boards, 190 
receiver transfer switchboard, 185- 188 
switch connections between radiophone unit 

and transmitter, 190- 194 
transmitter transfer switchboard, 188 

Radio receiver band-switching circuits, 182- 185 
Radio receiver maintenance ,  343-345 
Radio receiver R-278B/GR, 233-237 
Radio receiving sets AN/SRR-11 ,  12, and 13, 

224-231 
external adjustments, 228-230 
general description of, 224-228 
summary of operation, 230, 231 
troubleshooting chart, 356 

Radio Set AN/URC-32, 241 -253 
audio and control unit block diagram, 245 
CW and FSK unit, 249 
frequency generator , 249 
general description of, 245 
operating procedure, 25 1 
power amplifier, 250 
sideband generator, 246-249 
tuning procedure, 251-253 
turning on equipment, 251 

Radio teletype system, block diagram of� 254 
Radio teletype terminal equipment, installation 

of, 48-53 
Radio transmitters 
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Radio transmitters-Continued 
installation of, 4 7 
maintenance of, 339-343 

Radio transmitter-receiver Set AN/GRC-27A, 
231,  232 

Radio Transmitter T-217A/GR, 237-241 
Radio transmitting Set AN/SRT - 15 ,  210-224 

antenna coupler, 2 1 9  
low-level radio modulator, 213-215 
low-voltage power supply, 215  
power supply, 215-219 
radio frequency amplifier, 211  
remote control unit, 219  
r-f tuner, 2 1 9  
transmitter coupler, 216 

Radium, safety precautions, 14 
Radon, safety precautions,  14 
Range calibration, 98 
RD-92A/UX recorder, 286-289 
Reaction-type wavemeter, 1 14 
Receivers AN/SRR 11 ,  12,  and 13,  schematic 

diagrams, 2 9 
Receivers ,  corrective maintenance of, 355-357 
Receiver sensitivity measurements, 122 

test setup for, 344 
Receiver transfer switchboard, 185 
Receiver-transmitter, Radar RT-272A/SPS-

10D, 299 
Receiving-antenna distribution systems, 194-209 

diagram showing route of signals from radar 
to repeater, 208, 209 

distribution of radar information, 198-200 
gyrocompass selector switch, 202, 203 
own ship's course selector switch, 202, 204 
radar selector switches, 202 

illustration, 205 
switching-control servosystem, 200-202 
system employing filter assembly, 196 
system employing transfer panels, 194- 196 
wiring diagram of video and trigger switch-

ing circuits, 206 
Receiving antenna, installation of, 84 
Receiving equipment, facsimile, 282 
Recorder sets, facsimile 

AN/UXH-2, 289-295 
RD-92A/UR, 286-289 

Record of Practical Factors, 6 
Records, technical, 35-42 

current ship's maintenance project, 36 
electronic equipment history card, NavShips 

536, 35 
equipage stock card and custody record, 40-

42 
equipment failure and performance records , 

37-40 
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miscellaneous, 42 
Record of Field Changes, NavShips 537, 37 
ship electronics installation record, Nav-

Ships 4110, 42 
Regular overhaul, electronic equipment, 318  
Repair and alteration, 318,  319  
Repair Record Card, NavShips 529, 37  
Repeaters, radar , 64 
Resistance 

bridge, 101 
measurement, 100 

methods of, 1 13 
R-f cables,  installation of, 78-80 
R-f plumbing, 166 
Rotary switches , 180, 198 

pileup, 180 
SA-243/SSA and SA-247/SSA-front panels, 

198 
selector , 180 

RT- 272A/SPS- 10D receiver-transmitter radar, 
299 

. 

Safety precautions,  9- 16 
accidental energizing, 13 
antennas, 13 
common safety features in electronic equip-

ment, 1 1  
electron tubes ,  14 
general precautions , 10 
grounding of equipments and components, 12 
maintenance procedures, 322 
painting electronic equipment, 15 
personal protection, 9 
safety rules to remember, 15 
solvents, 15 

Salt water flooding, contamination by, 324 
Sanding brushes, 327 
SB- 1203/UG communication patching panel, 270 
Search radars,  installation of, 66 
Sector beacons, installation of, 58 
Securing switches,  13 
Sensitivity measurements, 107 
Shipboard Antenna Details, NavShips 900- 121, 34 
Ship Electronics Installation Record, NavShips 

41 10, 42 
Shock, electric, safety precautions, 10 
Shorting stick, 10, 1 1  
Signal generator, 98  
Signal tracers, 359  
Silicon crystal diodes,  335 
Single sideband (SSB) communication systems, 

installation of, 44 
Soldering techniques, 375 
Sonar equipment, Navy model letters used in, 

26 
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Spaghetti sleeving, 28 
Spectrum analysis ,  150 
Steel wool, 347 
Stuffing tubes,  77 
Surgical equipment, use in servicing electronic 

equipment, 322 
hemostats, 322 
needles,  322 

Switchboard systems, 185- 1 88 
Switches, 177- 184 

knife, 178 
lever pileup, 1 78 
push, 177 
rotary pileup, 180 
rotary selector , 180 
securing of, 13 
telephone type jacks, 181 
thermostatic , 178-180 
toggle, 177 
wafer lever, 178 

Switching and fusing designations, 27 
Switching-control servosystem, 200-202 

Tacan, installation of, 59 
Tactical Air Navigation (TACAN), installation 

of equipment, 59 
Tags, cable, installation of, 75 
Technical availability, 318  
Technical records, 35-42 

current ship's maintenance project, 36 
electronic equipment history card, NavShips 

536, 35 
equipage stock card and custody record, 40-

42 
equipment failure and performance records, 

37-40 
miscellaneous, 42 
Record of Field Changes, NavShips 537, 37 
ship electronics installation record, Nav-

Ships 4 1 10, 42 
Telephone type jacks, 181  

illustration of, 184 
Teletype equipment, adjustments on, 254-273 

communication patching panel SB- 1203/UG, 
270 

converter-comparator groups, 256-270 
AN/URA-8B, 256-265 
AN/URA- 17, 265-270 
Frequency-shift Keyer KY -75/SRT, 255 
Transmitter Teletype Control Unit C- 1004A/ 

SG, 270-273 
Teletype Terminal Equipment AN/UCC- 1 ,  in­

stallation of, 52 
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Terminal designations, 26-29 
Test equipment, application of, 98- 127 

measurements, types of, 99 
capacitance, 102-104 
current, voltage, and resistance, 99 
field intensity, 107 
frequency, 107 
inductance, 104- 106 
in radio frequency circuits, 1 10- 125 
interference,  107 
in transistor circuits, 125- 127 
power, 106 
radar performance,  108- 1 10 
resistance, 100- 102 
sensitivity, 107 

representative equipment, 98 
Test equipment, use of, 1 28- 176 

Echo Box TS-275/UP, 145-160 
frequency calibration, 147 
illustration, 146 
methods of connecting, 147 
power output, 152 

r u ncy-power me er 
165 

Oscilloscope OS-8B/U, 128- 140 
as a measuring device, 133 - 1 35 
block diagram of, 129 
controls, 128- 130 
distortion, 132 
Lissajous figures, 135-137 
modulation measurements, 137,  138 
signal tracing, 133 
stray pickup, 132 

radar, 165- 176 
performance figure,  174-176 
Test Set AN/UPM-56, 165- 169 
Test Set AN/UPM-99, 169- 1 74 

Synchroscope AN/USM-24, 1 38- 145 
Testing, 332-339 

collector leakage current test, 338 
crystal diodes , 334 
electron tubes ,  332-334 
transistors, 337-339 

Test setup for receiver sensitivity measure-
ments, 344 

Thermistor bridge wattmeter, 167 
Thermostatic switches, 178- 180 
Time interval waveforms, 121  
Timing circuits, installation of, 72 
Toggle switches, 177 
Tone converter AN/SGC - 1A, 266-270 
Tools, maintenance of, 320-322 
Training courses, 7 
Training films, 8 ,  381 
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Transceiver TT-41B/TXC- 1B, 273-278 
Transistorized training aids, 380 
Transistors,  357-364 

and diode designation system, 360 
lead identification, 360 
servicing of, 363 
specifications, 360 
testing of, 337-339 

tester, 98 
transistor heat dissipators ,  361 

Transmission lines and antennas, maintenance 
of, 328-332 

Transmitter Teletype Control Unit C- 1004A/ 
SG, 270-273 

Transmitting antennas and transmission lines, 
installation of, 84 

Trigger and video switching, 202 
TS-230B/AP frequency-power meter, 1 60-165 
TS-275/UP echo box, 145-160 

connecting to radar , 147 
frequency calibration, 147 
illustration of, 146 
power output, 152 
ringtime measurements, 149 
spectrum analysis, 150- 152 

TT-41B/TXC - 1B transceiver, 273-278 
T-217A/GR radio transmitter, 237-241 

402 

Tubes 
electron, testing of, 332 

tester, 98 
stuffing, installation of, 77 

Tweezers, use in servicing electronic equip­
ment, 322 

Two-resistor variation method of measuring 
antenna resistance, 1 12  

UHF antennas , installation of, 82 

VHF antennas,  installation of, 82 
VHF-UHF multicouplers,  85 
Video and trigger switching c ircuits, 206 
Voltages , induced, 13  
Voltmeters, electronic, 98 

Wafer lever switches,  178 
Wattmeter , use in testing power, 135 
Wavemeters,  1 14 
Whip antennas, installation of, 81 
Wire antennas, installation of, 81  
Wiring color code for electronic equipment, 29 
Wiring diagrams, 25 
Workbenches, grounding of, 13 

ZM- 1 1/U bridge, 100 
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