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WARNING

HIGH VOLTAGE

is used in the operation of

this equipmehf.

DEATH ON CONTACT

may result if operating personnel

fail to observe safety precautions.

SAFETY NOTICE

HIGH VOLTAGES SUFFICIENT TO CAUSE DEATH EXIST IN THE TEST
OSCILLOSCOPES AND IN TEST SET I-115. EXERCISE THE UTMOST CAUTION
WHEN WORKING WITH THESE UNITS WHENEVER THE CHASSIS HAS BEEN
REMOVED FROM THE CASE. BE SURE THAT THE POWER IS OFF AND THAT
THE CAPACITORS IN THE HIGH-VOLTAGE CIRCUITS ARE COMPLETELY DIS-
CHARGED BEFORE TOUCHING AND PARTS OF THE UNIT. DON'T RELY ALTO-
GETHER ON THE SAFETY SWITCH OR ON THE CAPACITORS DISCHARGING
THRU THE RESISTANCE SHUNT, ESPECIALLY IF THE UNIT HAS BEEN DAM.-
AGED. WHEN MEASURING VOLTAGES IN RADIO SETS OF THE SCR-268 SERIES
DO NOT ATTEMPT TO MEASURE VOLTAGES IN EXCESS OF 500 VOLTS. CIR-
CUITS CONTAINING HIGHER VOLTAGES CAN BE EXAMINED BY RESISTANCE
AND CONTINUITY CHECKS WITH THE POWER OFF. '

111




FIRST AID TREATMENT FOR ELECTR/IC SHOCK

I. FREE THE VICTIM FROM THE CIRCUIT IMMEDIATELY.
Shut off the current. If this is not immediately possible, use a dry nonconductor (rubber gloves, rope,
board) to move either the victim or the wire. Avoid contact with the victim. If necessary to cut a
live wire, use an axe with a dry wooden handle. Beware of the resulting flash.

II. ATTEND INSTANTLY TO THE VICTIM’'S BREATHING.
Begin resuscitation at once on the spot. Do not stop to loosen the victim’s clothing. Every moment
counts. Keep the patient warm. Wrap him in any covering available. Send for a doctor. Remove false
teeth or other obstructions from the victim’s mouth.

POSITION
1. Lay the victim on his belly, one arm extended directly
overhead, the other arm bent at the elbow, the face
turned outward and resting on hand or forearm, so that
the nose and mouth are free for breathing (fig. A).

2. Straddle the patient’s thighs, or one leg, with your
knees placed far enough from his hip bones to allow you
to assume the position shown in figure A.

3. Place your hands, with thumbs and fingers in a
natural position, so that your palms are on the small of
his back, and your little fingers just touch his lowest
ribs (fig. A).

FIRST MOVEMENT
4. With arms held straight, swing forward slowly, so
that the weight of your body is gradually brought to bear
upon the victim. Your shoulders should be directly over
the heels of your hands at the end of the forward swing
(fig. B). Do not bend your elbows. The first movement
should take about 2 seconds.

SECOND MOVEMENT
5. Now immediately swing backward, to remove the
pressure completely (fig. C).

6. After 2 seconds, swing forward again. Repeat this
pressure-and-release cycle 12 to 15 times a minute. A
complete cycle should require 4 or 5 seconds.

CONTINUED TREATMENT

7. C.ontinue treatment until breathing is restored or until there is no hope of the victim’s recovery. Do
not give up easily. Remember that at times the process must be kept up for hours.

8. Dgring artificial respiration, have someone loosen the victim’s clothing. Wrap the victim warmly; apply
hot bricks, stones, etc. Do not give the victim liquids until he is fully conscious. If the victim must be
moved, keep up treatment while he is being moved.

‘:). At the first sign of breathing, withhold arfificial respiration. If natural breathing does not continue,
immediately resume artificial respiration.

10. If 9perators must be changed, the relief operator kneels behind the person giving artificial respiration.
The relief takes the operator’s place as the original operator releases the pressure.

"11. Do not allow the revived patient to sit or stand, Keep him quiet. Give hot coffee or tea, or other
internal stimulants.

HOLD RES ION DRILLS

v



TABLE OF CONTENTS

SECTION I

Purpose . . . e e e e e e
Test equipment provxded e e e e e e

II.  Meters.

‘ General . . . . . . . . . . . ...
The galvanometer . . e e e e
Ammeters and mllhammeters e e e e e
The voltmeter . . . . . . . . . . .
The a-c voltmeter . . . . . . . . . . .
The ohmmeter . . ‘ '
Precautions when handlmg meters .

III.  Analyzer 1-167, Weston model 772.
General . . . .
Applications of analyzar to Radlo Set SCR 268 (*) R
D-c voltage measurements . . ., . ., . . . .
D-c current measurements . . .
Resistance measurements
A-c voltage measurements .
Use as an output meter . . . . . . . .
Maintenance

v, Analyzer 1-153, Precision series 856.
General .

General description.

Applications of analyzer to Radlo Set SCR 268 (*)

A-c voltage measurements, 1,000-ohm-per-volt sensitivity .
D-c voltage measurements, 20,000-ohm-per-volt sensitivity .
D-c voltage measurements, 1,000-ohm-per-volt sensitivity

D-c current measurements . . ., . . . . . .
Resistance measurements . . . . . . . . .
Output-meter indications . . . . . . . . .
Maintenance . . . . . . . . . . . .

V. Analyzer, Supreme model 592.

General . . ' .
Applications of analyzer to Radxo Set SCR 268 (*) .

Paragraph  Page

1
2

L =2~ RN G- NV S N

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26

27
28

1
1

O 00 Wt W W W

10

13
13
14
15
15
16
16
16|

19
19
20
20
21
21
22
23
24

25
25

ey




SECTION

VI

TABLE OF CONTENTS (continued)

V. Analyzer, Supreme model 592 (continued).

D-c voltage measurements . . . . . . . o+ . . .
D-c current measurements .

A-c voltage measurements .

Output-meter indications .

Resistance measurements . . . . . . . .
Maintenance

VI. Tube checkers.

Purpose and limitations

Tube checking .

Emission testing

Mutual-conductance testing .
Effect of line-voltage variations on the tube checker .
Test Equipment RC-68- (*) tube checkers .
Precautions . .

Tube Checker I-180, Hickok model 540.

General . . " .
Application of tube tester to Radlo Set SCR'268 (*)
Preliminary steps . . . . . . .« . . . .
Short-circuit tests ‘

Noise tests . . . . .« « « o« o« o«

Amplifier tests .
Diode tests .

Rectifier tests . .+ v v e e e e e e e e
Gas tests .« . . e e e e e e e e e
Maintenance '

Tube Checker 1-157, Precision model 920.

General .

Application of tube tester to Radlo Set SCR 268 (*)
Preliminary steps .ol .
Filament-continuity tests

Short-circuit tests .

Audible-noise tests . . . . . . . . . e . e
Tube-quality tests . . . . . . .« < .+ .
Multisection tube tests .

Maintenance

IX. Tube Cheéker I-157, Precision model 920, used as an analyzer.

General . .

Application to Radxo Set SCR 268 (*) .

A-c voltage measurements . . . . . . . . . .
D-c voltage measurements . . . . . .« .« o« . o« »
D-c current measurements . . . . . .« . o« .
Resistance measurements . . . . .« « « + o« o+ e

Output-meter indications . . . . . .+ .+ . .« . .

Paragraph

29
30
31
32
33
34

35
36
37
38
39
40
41

4
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67

Page’
26
27
27
27
28
28

31
31
33
33
34
34
35

37
37
37
38
39
39
39
39
41
41

43
43
43
45
45
45
46
46
46

49
49
49
49
50
50
51



TABLE OF CONTENTS (continued )

SECTION X. Tube checker, Supreme model 504-A. Paragraph  Page

General . . . « « . 68 53
Application of tube tester to Radlo Set SCR 268 (*) ... 69 53
Preliminary steps . . . (I 53
Filament, short-circuit, and leakage tests . . . . . . . . T 54
Tube-quality tests . . . . . . . . . . . . . . T 55

Maintenance.._.............‘73 55

XI. Tube checker, Supreme model 504fA',‘ used as an analyzer.

General . . e e e e e .74 59
Application to Racho Set SCRr268 (*) Y A .59
D-c voltage measurements . . . . . . . . .. . . . 176 59
D-c current measurements . . . . . . . . . . . . 77 59
Acc voltage measurements . . . . . . . . . . . . . 8 60
Use as an output meter . . . . . . . . . . . . 79 60
Resistance measurements . . . . . . . . . . . . 80 60
XIL  Qscilloscopes.
Cathode-ray tubes . . . . . . . . . . ., . ., , 81 T63
Methods of deflection . . . . . . . . . . . . . 8 63
Oscilloscopes . . . . . . . . . . . . . . . 83 63
Waveforms . . . . . . . . . . . . . . . . 84 64
Frequency response . . . . . . . . . . . . . 85 65
Checking frequency . . . . . . . . . . . . . 86 65
Baseline displacement . . . . . . . . . . . . . 87 66
Phase inversion . . . . . . . . . . . . . . . 88 66
Crowding of pattern . . . . . . . . . . . . . 89 66
Burning of oscilloscope screen . . . . . . . . . . . 90 66
Checking hum with the oscilloscope . . . . . . . . . 91 66
Voltage measurements . . . B * /) 66
Calibration of Dumont model 224 test osc1lloscope . .93 67
Calibration of RCA model 155-A and Supreme model 546
test oscilloscopes . . . . 7 69
, Checking test-oscilloscope sensmvxty M 69
XIII. Oscilloscope I-134, Dumont model 224.
General . . . . e e e v e e e .. 96 71
Input to the vertical deflectmg plates O 71
Input to the horizontal deflecting plates . . . . . . . . 98 72
* Controlsand terminals . . . . . . . . . . . . . 99 73
Limitations . . . ’ . 100 74
Waveform examination Wlth the Dumont model 224 osc1lloscope . 101 75
Maintenance . . . . . . . . . . . . . .. 102 76
XIV. Oscilloscopes, models RCA-155-A and RCA-155-B.
General . . . . S (0 X - 81
Input to vertical deflectmg plates . (0 81
Input to horizontal deflecting plates . . . . . . . . . 105 81

vIL -




TABLE OF CONTENTS (continued )

SECTION XIV. Oscilloscopes, models RCA-155-A and RCA-155-B continued ). Paragraph  Page
Controls and terminals . . . . . . . . . . . . 106 81

Limitations . . . .« « + « o« o« o« o« . . 107 83
Waveform examination with oscilloscopes, models RCA-155-A
and RCA-155-B . . . . . . . .+ .+ . .« . . 108 84
Maintenance . . . .« o+ o+« e . e o+ . . . . 109 84
XV. Oscilloscope, Supreme model 546.
General . . . . . . . . .+ + « + .+ .« . < . 110 91
Input to the vertical deflecting plates . . . . . . . . . 111 91
Input to the horizontal deflecting plates. . . . . . . . 112 91
Controls and terminals . . . . . . . . . . . . 113 91
Limitations . . . . .« .« .« o« o« o« 4 e . . 114 93
' Waveform examination with oscilloscope, Supreme, model 546 . 115 94
Maintenance . . . . . o« o« o« o« o+ . o« o« . . 116 95
XVI. Signal generators.
General . . . . . . . . . o . e ... .17 99
R-f oscillator system . . . . . . . . .+ .+ . « . 118 99
Audio modulator . . . . . . .+ . . . . . . . 119 100
R-f signal output . . . . . . . . . .« . . . . 120 100
Limitations and precautions . . . . . . . . . . . 121 - 101
XVII. Signal Generator 1-126, Measurements model 78-B.
General . . . . . . . . . . ... ... 122 103
Rofoscillator . . . . .+ . .+ .« « .« .« . . . . 123 103
Modulator . . . . . . . . o o e .o ... 124 103
Attenuator . . . . . . . e e e e e .owo. 125 103
Power supply . . . . . . .« . . .+ .« . . . . 126 105
Applications and limitations . . . . . . . . . ... 127 107
Operating instructions . . . . . . . . . . . . . 128 107
Maintenance and repair . . . . . . . . . . . . 129 108
XVIIL. Signal generator, Measurements model 78-C.
Difference between Measurements models 78-B and 78-C . . . 130 113
Application to Radio Set SCR-268-(*) . . . . . . . . 131 113
XIX. Signal generator, Ferris microvolter 18-B.
General . . . . . . .+ .+ v e e e e e e o4 132 115
Circuit description . . . . . . . . .« .« . . . . 133 115
Use of second harmonic . . . + « .+ + .« « o . . 134 115
Applications and limitations . . . . . . . . . . . 135 117
Operation of Ferris microvolter 18B . . . . . . . . . 136 117
Maintenance and repair . . . . . . o« . . . o . 137 118
XX. Audio oscillators.
General . . . . . . . .+ .+« « + « « « . . 138 123
Fundamental frequency oscillators . . . . . . . . . 139 124

VIII



TABLE OF CONTENTS (continued )

SECTION  XX. Audio oscillators (continued).
Beat-frequency oscillators .
Output coupling
Frequency measurement .
Application to Radio Set SCR- 268 (*)

XXI. Audio Oscillator I-151, Hickok model 198.

General . . . . . . . . . . .
Applications .o

Limitations and precautions -.

Operation of Hickok model 198 .

- Maintenance

XXII.  Audio oscillator, Supreme model 563.
Description . .
Application to Radio Set SCR 268 (*)
Operating procedure . .
Maintenance . . . . . ,

XXIII. Thermocouple instruments.
Purpose . .
Theory of operation
Shunts .
Damage caused by strong flelds .

XXIV. Thermocouples, Weston model 425 and Weston type D.

_Difference between types .

Compensating strips
Application to Radio Set SCR 268 (")

XXV. Specialized test equipment,
Keyer load, Test Set I-115 .
Maintenance of keyer load, Test Set I- 115
Synchronous repeater, Test Set I-114 . .
Receiver output boxes, Test Sets BC-671 and BC 708*A
Remote control Test Box BC-670-B . .
Plug PL-218
Screen M-352
Sight M-351
Plug PL-217 . . e e e e e
Polarized Outlet Box BC 672 B '
Calibrator I-168 . .
Range Calibrators 1-108, I 158 and I 1’78 .
Frequency Meter BC-438 . . . ., . . . ., .
Modulator BC-423 (Tweeter)

XXVI.  Moistureproofing and fungiproofing.

General . . . . . . . . . . . . . ..
Treatment . . . . . . . . . . . . .

.

Paragraph

140
141
142
143

144
145
146
147
148

149
150
151
152

153
154
155
156

157

. 158

159

160
161
162
163
164
165
166
167
168
169
170
171
172
173

174
175

Page
124
126
127
127

129
129
131
131
132

137
137
139
140

145
145
148
148

149
149
150

151
151
155
160
162
162
163
164
167
167
167
167
168
169

171
171

IX




TABLE OF CONTENTS (continued)

SECTION XXVI. Moistureproofing and fungiproofing (continued). Paragraph ~ Page

Analyzer, Supreme model 592 . . . . . . . . . . . 176 171
Analyzer 1-167, Weston model 772 . . . . . . . . . 177 172
Analyzer 11153, Precision model 856 . . . . . . . . . 178 172
Tube checker, Supreme model 504-A . . . . . . . . . 179 172
Tube Checker 1-157, Precision model 920 . . . . . . . 180 172
- Tube Checker 1-180, Hickok model 540 . . . . . . . . 181 173
Oscilloscope, Supreme model 546 . . . . . . . . . . 18 173
Oscilloscope 1-134, Dumont model 224 . . . . . . 183 173
Oscilloscopes, RCA model 155-A and RCA model 155,B . . 184 174
Signal Generator 1126, Measurements models 78-B and 78-C . . 185 174
Signal generator, Ferris model 18B . . . . . . . . . 186 174
Audio oscillator, Supreme model 563 . . . . . . . . 187 . 175
Audio Oscillator I-151, Hickok model 198 . . . . . . . 188 175
Thermocouple, Weston model 425; Meter 507 . . . . . . 189 175
Thermocouple, Weston type D; Output Meter M-322 . . . . 190 175
Remote Control Box BC-670-B . . . . . . . . . . 191 175
Polarized Outlet Box BC-672-B . . . . . . . . . . 192 175
Receiver Output Test Set BC-708-A . . . . . . . . . 193 176
Range Calibrator I108 . . . . v . « . « . . . 194 176
Synchronous repeater, Test Set I-114 . . . . . <+ .+ . . 195 176
Keyer load, Test Set I'115 . . . .« + « « « « « =« 196 176
XXVII. Supplementary data. |
Testing Capacitors . . . .« « « o« . . . . . . 197 177
Resistor color code . . v« .+ .+« o . e e e 198 179
Capacitor- color code . . L. 199 179
Parts list for Test Equipment RC 68 (for Radlo Sets SCR. 268
and SCR-268-A) . . . . .+« « .« . 200 181
Test Equipment RC-68, list of manufacturers .o . oo.o201 186
Specifications and list of tubes in Test Equipment RC- 68 .. 202 186
Parts list for Test Equipment RC-68-A (for Radio Set SCR- 2681B) 203 187
Test Equipment RC-68-A, list of manufacturers . . . 204 193
Specifications and list of tubes in Test Equipment RC 68- A . 205 ‘193
Specifications and list of tubes, Tube Checker I1-180, ‘
Hickok model 540 . . ... 206 0 194
Vacuum tube characteristics of Radlo Set SCR*268f (*) .. 207 195
Summary of formulas . . . . . . . . . . o . . 208 204
Glossary of terms . . . .« . .« . . . . . . 209 205
Index . .« « « « o+ e e e e e e e e e 211



LIST OF ILLUSTRATIONS

Fig. No. Title ) Page

RN K SN

Frontispiece Alignment of Receiver BG-406-A . . . . . . . . . T € AY4
1 The galvanometer as a milliammeter, showing shunt
2 The galvanometer as a voltmeter
3 High-resistance series circuit . . . . . . . . . . e e e
4 Circuit shown in figure 3 showing effect of voltmeter .
5 The galvanometer as an ohmmeter . L. . . 9
6 Analyzer 1167, Weston model 772, panel view . - . . . . . . B 1
7 Analyzer 1167, Weston model 772, schematic diagram . . . . . . . . . 17
8 Analyzer 1-153, Precision series 856, panel view . . . . . . . . . . . 20
9 Analyzer 1-153, Precision series 856, schematic diagram . . . . . . . . ., 22
10 Analyzer 1-153, Precision: series 856, battery replacement . . v e e .. 24
11 Analyzer, Supreme model 592, panel view . . . . . . . . . . . .26
12 Analyzer, Supreme model 592 schematic diagram . . . . . . . . . . 29
13 Tube Checker. I-180, Hickok model 540, panel view . e+« « « . .. 38
14 Tube Checker 1-180, Hickok model 540, schematic dlagram e 19
15 Tube Checker I-157, Precision model 920, panel view . e e oo . 44
16 Tube Checker 1157, Precision model 920, acorn-tube adapter « o+« . . . . 45
17 Tube Checker I/157, Precision model 920, schematic diagram . . . . . . . 47
18 Tube checker, Supreme model 504-A, panel view . . . . . . . . . . 54
19 Tube checker, Supreme model 504-A, schematic diagram . . . . . . . . 56
20 Test osc1lloscope signal output applied to vertical deflecting plates - e e o . . 65
21 Rms, peak, and peak to-peak voltages . . . . B Y/
22 Voltage-gain calibration curves for oscilloscopes, Dumont model 224
Supreme model 546 and RCA model 155-A° . . . . . . . . . . . 68
23 Oscilloscope 1-134, Dumont model 224, panel view . . . . . . . ., . . m
24 Oscilloscope I-134, Dumont model 224, schematic diagram . . . . ., . . . 80
25 Oscilloscope, RCA model 155-A, panel view . . . . . . . e e e .. 82
26 Oscilloscope, RCA model 155-A, schematic diagram . . . . . . . . . . 86
27 " Oscilloscope, RCA model 155-A, tube-socket diagram . . . . . . . . . 87
28 Oscilloscope, Supreme model 546, panel view. . . . . . . . )
29 Oscilloscope, Supreme model 546, schematic diagram. . . . . . . . . . 97
30 Signal generator, test connections . . e e« . . . . 100
31 Signal Generator 1-126, Measurements model 78 B panel view. . . . . . . 104

XI




LIST OF ILLUSTRATIONS (continued)

Fig. No. Title Page
32 Signal Generator 1-126, Measurements model 78-B, r-f unit, shield
: ‘ removed . .o . . . . 105
33 Signal Generator 1126, Measurements model 78 B rear view w1th
case removed . . . e e o . .. 106
© 34 Signal Generator 1-126, Measurements model 78 B schematlc dlagram. A B !
35 Signal generator Ferris microvolter model 18-B, panel view . . . . . . . 116
36 ~ Signal generator, Ferris microvolter model 18-B, rear of chassis . . . . . . 119
37 Signal generator, Ferris microvolter model 18-B, schematic diagram . . . . . 122
38 Audio oscillator, test connections . . S VA
39 Audio Oscillator 1151, Hickok model 198 panel view . . . ... . . . . 130
40 Audio Oscillator 1-151, Hickok model 198, bottom view, case
- removed, showing lamp location .. . e e . ... 133
41 Audio Oscillator I-151, Hickok model 198 top view w1th case
removed . . . . . . . . . . . . .. B .2
42 Audio Oscillator 1-151, Hickok model 198, schematic diagram e e s s« . . 135
43 ‘Audio oscillator, Supreme model 563, panel view . . . e . e ... o138
44 Audio oscillator, Supreme model 363, chassis arrangement . . . . . . . . 139
45 Audio osciliator, Supreme model 563, tube-socket voltages to ground . . ., . . 140
46 Audio oscillator, Supreme model 563, schematic diagram . . . . . . . . 142
47 Thermocouple and milliammeter, schematic diagram . . . . . . . . . . 146
48 Internal-type thermocouple connections for transmitter output
measurements . . e £ Y
49 External-type thermocouple connections for transmitter output
measurements . . S
50 Keyer load, Test Set I'115 outhne d1mens1onal sketch e e e e e e e 152
51 Keyer load, Test Set I-115, schematic diagram . . . . . . . . . . . 153
52 Test connections for artificial-load test . . . . . . . . . . . . . . 154
53 Keyer load, test set, test connections . . . S B 1
54 Synchronous repeater, Test Set I-114, outlme»dlmensmnal sketch O L)
55 Synchronous repeater, Test Set I-114, serial No. 224 or higher '
schematic diagram . . . . S .11
56 Synchronous repeater, Test Set I 114 connections for repeater tests . . . . . 159 .
57 Receiver Output Box BC-671 . . . . . . . . . . . . . . . . 16l
58 Receiver Output Box BC-708-A . . . . . )
59 Rectifier remote control Test Box BC-670- B S 1Y
60 Plug PL-218, test connections . . . . .« . .« « .+ « .+ + « v . . 163
61 Plug PL-218, schematic diagram of test connections . . . . . . . . . . 164
62 Arrangement of screen on buried tweeter . . . . . . . . . . . . . 165
63 Sight M-351, mounted, with wooden antennas . . . . . . .« .+ . . . 166
64 Sight M-351, mounted, with metal antennas . . . . . . . . . . . . 166
65 Plug PL-217 . . . O Y
66 Polarized Outlet Box BC 67" B e e e e e e . e« « .+ . 168
67 Test connections for synchronous-frequency test . . . . . . =« « .« . . 169
68 RM.A. resistor color code . . . . . +« +« « « « « o « + « . . 178
69 Capacitor color code . . . O A
70 Base diagrams for Radio Set SCR 268 (*) vacuum tubes, bottom view. . . . . 203

X11



DESTRUCTION NOTICE

WHY— To prevent the enemy from using or salvaging this equipment
for his benefit. '

WHEN— When ordered by your commander.

HOW— 1. Smash—Use sledges, axes, handaxes, pickaxes, hammers,
; crowbars, heavy tools.

2. Cut—Use axes, handaxes, machetes.

3. Burn—Use gasoline, kerosene, oil, flame throwers, incen-
diary grenades.

N

. Explosives—Use firearms, grenades, TNT.

Wt

. Disposal—Bury in slit trenches, fox holes, other holes.
Throw in streams. Scatter.

USE ANYTHING IMMEDIATELY AV AILABLE
FOR DESTRUCTION OF THIS EQUIPMENT.

WHAT— 1. Smash—a. The.crystal, tubes, and tube sockets in Range
Calibrator 1-168.

b. All meter movements, tubes, tube sockets, knobs,
fuses, capacitors, transformers, etc., in all the

components.

N

. Cut—Test cords, cables, wiring in components.

W

+ Burn—All schematic diagrams, calibration charts, manuals,
wire, and all components,

EN

. Bend and or break—Steel case, chassis, panel, etc.

W

. Bury or scatter—Any or all of the above pieces after
breaking.

D E S T R O Y E VE R Y T H I N G

XIII
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CONFIDENTIAL

| SECTION I
GENERAL DESCRIPTION

1. PURPOSE.

a. The nature of radio and electronic equipment
is such that visual inspection is of little value in
determining satisfactory performance. A wide var-
iety of tests and of measuring apparatus, based on
the same principles used in the equipment itself,

- has been devised to enable accurate evaluation of
performance as well as to facilitate testing, adjust-
ment, and efficient maintenance in the field.

b. The actual repair of radio apparatus is seldom
difficult. A more difficult problem, however, is
encountered in locating defects. It is therefore es-
sential that the radio technician be familiar with
the equipment to be repaired as well as with the
test equipment with which the diagnosis is made.

¢. With this in mind, the text of this manual is
designed to explain the function and use of Test
Equipment RC-68 and RC-68-A, supplied with
Radio Sets SCR-268 and SCR-268-B respectively.
In the text, the use of the symbol (*) with Test
Equipment RC-68 will indicate both Test Equip-
ment RC-68 and Test Equipment RC-68-A; and
when used with Radio Set SCR-268, will indicate
Radio Sets SCR-268, SCR- 268 A, SCR-268-B, and
SCR-268- C

2 TEST EQUIPMENT PROVIDED.

a. Modification of Official Component - parts
List. Because of various circumstances, the test
equipment actually provided with Radio Set SCR-
268-(*) may depart widely from the official com-
ponent-parts list for Test Equipment RC-68-(*).

It is therefore impossible to determine in advance
which piece of test equipment will be available. In
order to cover all contingencies, a discussion of alter-
nate units of test equipment has been included in
this manual in addition to those on the official com-
ponent-parts list. The parts list for Test Equip-
ment RC-68-(*) is given at the rear of this book
(pars. 200 to 206 inclusive). This list mcludes
manufacturers and stock numbers.

b. Official and Alternate Units. A list of the
test equipment covered in this book follows:

(1) Audio Oscillator I-151, Hickok model 198.

(2) Audio Oscillator, Supreme model 563.

(3) Analyzer 1-167, Weston model 772.

(4) Analyzer 1-153, Precision model 856.

(5) Analyzer, Supreme model 592.

(6) Calibrator 1-168.

(7) Keyer load, Test Set I-115%.

(8) Oscilloscopes, RCA models 155-A and 155-B.

(9) Oscilloscope 1-134, Dumont model 224.

(10) Oscilloscope, Supreme model 546.

(11) Plug PL-217.

(12) Plug PL-218.

(13) Polarized Outlet Box BC-672-B.

(14) Range Calibrators I-108, 1-158, and 1-178.

(15) Receiver output boxes, Test Sets BC-671 and
BC-708-A.

(16) Receiver remote control, Test Sets BC-670-A
and BC-670-B.

(17) Remote. Control Test Box BC-670-B.




T™M 11-1053

Par. 2 Test Equipment RC-68 and RC-68-A

(18) Screen M-352.

(19) Sight M-351.

(20) Signal Generator I-126, Measurements
models 78-B and 78-C.

(21) Signal generator, Ferris microvolter 18-B.

(22) Syncronous repeater Test Set I-114.

(23) Thermocouples, Weston model 425 and
Weston type D.

(24) Tube Checker 1-180, Hickok model 540.

(25) Tube Checker 1-157, Precision model 920.

(26) Tube checker, Supreme model 504-A.

c. Test Cords. Various test cords are provided
with Test Equipment RC-68-(*). These cords are
used for many purposes such as supplying power
to the components of Radio Set SCR-268- (*) while
in test position, connecting the output of Receiver
BC-406 to the input of Oscilloscope BC-412, short-
ing out the interlock system while servicing the
components, and as general utility cords. A detailed
description of the test cords is given in paragraphs

. 200 and 203.
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SECTION IT
METERS

3. GENERAL.

a. Meters are used in radio repair work to obtain
information necessary to locate and correct the var-
ious troubles that arise. There are three general
types of meters, each designed to perform a specific
operation: the ammeter (or milliammeter) which
measures current in amperes (or milliamperes), the
voltmeter, which measures voltage, and the ohm-
meter which measures resistance in ohms. Perhaps
the most frequently used instrument is the volt-
meter. By taking voltage readings at various points
throughout a radio circuit, trouble can be isolated
‘to a single stage or circuit. The ohmmeter can then
be used to locate the defective part or parts in that
circuit. Resistors, volume controls, tuning coils, choke
coils, transformer windings and capacitors can be
checked with the ohmmeter to determine whether
any of these parts contain open, short or grounded
circuits. The ammeter (or milliammeter) is used less
frequently in trouble shooting than other meters,
but it is used extensively as a panel instrument on
transmitters to indicate grid and plate currents.

b. All three general types of meters are simply
galvanometers,  current measuring devices with a
scale calibrated in amperes (or milliamperes), volts,
or ohms, as the case may be. The difference in
function depends mainly upon how the galvano-
meter is connected to the circuit under test and on
the units in which the instrument is calibrated, For
convenience in trouble shooting, the functions of
the ammeter, voltmeter, and ohmmeter are com-
bined in one unit known as an analyzer. The de-

sired function is selected by operating a button or
switch.

4. THE GALVANOMETER.

a. The galvanometer is an instrument designed
to detect the presence of direct current in a circuit.
Tt consists principally’ of a permanent horseshoe
magnet, between the two poles of which is sus-
pended a movable coil. To the coil are attached a
pointer and a spring which holds the pointer to
its zero position when no current is being passed
through the coil. ’

b. When a current is passed through the coil, it
becomes an electromagnet with two poles of oppo-
site polarity. The reaction between the energized
coil and the permanent magnet causes the coil to
rotate on its axis so as to facilitate the attraction of
the unlike poles and the repulsion of the like poles
of the two magnets. The amount of movement is
determined by the resultant balance between the
pull of the spring mechanism and the strength of
the magnetic field set up around the coil. Since
the strength of the magnetic field is determined by
the amount of current flowing through the coil,
the amount of rotation is a direct indication of the
coil current. This may be read directly from the cal-
ibrated scale under the pointer,

5. AMMETERS AND MILLIAMMETERS.

a. General. The ammeter or milliammeter is in-

- serted in series with a circuit to measure current

flow. The circuit under test must be broken to
allow the meter to be connected. The internal re-
sistance of the moving coil is kept relatively low
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because, if the ammeter resistance were high, there
would be an appreciable voltage drop across the
ammeter. Because it is a low-resistance device, an
ammeter should never be connected across a volt-
age source or line. If the ammeter were so con-
nected, its low resistance would permit a large
current through it, and the coil would be instantly
burned .out. An ammeter must, therefore, always
be connected in- series with the circuit.

b. Sensitivity. The sensitivity of a meter is
determined by the amount of current necessary to
cause full-scale deflection of the pointer. Thus, if
a current of 1 milliampere through the moving
coil causes full-scale deflection, the meter has a
sensitivity of 1 milliampere. Meters of the moving-
coil type are made with sensitivities varying from
several milliamperes to a few microamperes, accord-
ing to the sensitivity required. A galvanometer
which is calibrated in microamperes is called a
microammeter; one calibrated in milliamperes is
called a milliammeter; one calibrated in amperes is
an ammeter. The galvanometer movement can be
designed to be calibrated in any one of the above
units of current. In radio repair work the most
commonly used meters are the milliammeter and
microammeter. Since these two meters-are very sen-
sitive, full-scale deflection of the needle will be
caused by a very small current.

c. Shunts. (1) To measure values of current
greater than the scale calibration, it is necessary
to shunt a definite portion of the current around
‘the meter, and to take the shunt into consideration
when reading the calibrated scale for the value of
current. When 14, of the current in a circuit is
allowed to flow through the meter and %, of the
current is shunted around it, the total current is 10
times the value of the meter reading. If the full
amount of current were allowed to pass through
the ammeter, the ammeter coil would of necessity
have to be of heavier wire and thereby increase
the size and cost, and also cut down the sensitivity
of the entire moving element.

(2) A shunt will carry a portion of the total cur-
rent which depends upon the ratio of its resist-
ance to the resistance of the ammeter coil; this
makes it possible to use an ammeter of the same
sensitivity for different current ranges by merely
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shunting or bypassing a portion of the current.
The size of the shunt desired is determined from.
the amount of current to be measured and from
the existing resistance of the ammeter coil.

(3) For example, suppose a meter having a 990-
ohm coil reads full scale with a current flowing
through it of 1 milliampere and it is desired to ex-
tend the full scale reading to 10 milliamperes. The
parallel or shunt resistor must be of such value
that 9 milliamperes will flow threugh it, leaving 1
milliampere to flow through the meter for full-
scale deflection. Using Ohm’s law, this resistance
is figured to be 110 ohms or 1§ of 990 ohms. This
example is shown in figure 1 where R1 is the
meter resistance and R2 is the shunting resistor, or
the low-resistance path in parallel with the meter.
All parts of the meter circuit are shown inside the
broken line. Since E =1IR:

E(meter) = I(meter) X R(meter)
E =0.001 x 990
E = 0.99 volts (voltage drop across meter).

Since the voltage drop across the meter is also
across the shunt, in order to make 9 milliamperes
flow through the shunt:

E shun
R(shunt) T—("h—_L
(shunt)
R = 22— 110 ohms (shunt
- —6-66-9—' = onms (S un )

(4) By using values of shunt resistance which will
increase the range of the meter in multiples of 10,
the original calibrated scale of the meter may
easily be used for a wide variety of ranges. Thus

GALVANOMETER
CALIBRATED IN
MILLIAMPERES.

{OMA +——>
\ | SHUNT
CURRENT

TO BE ;ﬁﬁ; }RE&STOR. OIMA. IMA
MEASURED. S: R2 |
I 110~ 8
L(—— | ﬂ
-~ {OMAT——— =

Figure 1. The galvanometer as a milliammeter,
showing shunt.
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“with the arrangement shown in figure 1, the scale,

although calibrated from zero to 1 milliampere,
may be used to measure any current up to 10
milliamperes. The meter reading is multiplied by 10
to obtain the total current in the curcuit. To extend
the range of the meter to read zero to 100 milli-
amperes the value of R2 must be changed to 10
ohms, or 149 of the meter coil resistance. A cur-
rent of -1 milliampere must still flow through the gal-
vanometer for full-scale deflection, leaving 99 milli-
‘amperes to flow through R2. The meter reading is
then ‘multiplied by 100 for the actual current
being measured.

(5) The value of the shunt resistor R2 may be

changed by actually replacing R2 with a 10-ohm

resistor, or by placing an 11-ohm resistor in paral-
lel with the 110-ohm resistor used as a shunt for
the 10-milliampere range (since 11 ohms in parallel
with 110 ohms equals 10 ohms). Still another
method is to short out 100 ohms of the 110-ohm re-
sister, leaving 10 ohms for the shunt. Provisions
for making these changes have been incorporated
in the analyzer by the manufacturer. Either range
switches or taps connected to pin jacks are gen-
erally used. It is not intended that the operator
open up the analyzer and make these changes.

(6) For radio repair work, current ranges will vary
from 100-microamperes full-scale deflection to 50-
amperes full-scale deflection. The average meter,
however, will not incorporate such extreme ranges.
A range of 1 milliampere to l-ampere full-scale
deflection is sufficient for most needs in trouble
shooting.

d. Correct Selection of Scale in Multiscale Meters.
(1) The commonly used milliammeters are most
accurate at the top (maximum) portion of the scales.
For greatest accuracy, take current readings at the
top of the scale by using the lowest available meter
range for any given measurement. However to avoid
damage to the meter always start by using the high-
est range and work down to the lowest usable range;
that is, the range which will place the needle indica-
tion on the upper portion of the calibrated scale.
(2) Since a d-c meter will measure current flow-
ing in only one direction, it is important to observe
polarity when connecting the meter in a circuit.
Current flowing through the meter in the wrong
direction will damage the meter movement.

6. THE VOLTMETER.

a. General. (1) The voltage across a battery
can be measured by a galvanometer arranged as
a voltmeter (fig. 2). Voltmeters are used for meas-
uring the electric pressure, or voltage, between
two points in an electric circuit. While an ammeter
is connected in series with the circuit in which
current is being measured, a voltmeter is connected
in parallel with (directly across) the voltage source.
Because of its comparatively low resistance, the
moving coil of the voltmeter cannot be connected
directly across the voltage source, as it would ordin-
arily take an excessive current and be burnt out.
Therefore, it is necessary to connect a high resist-
ance in series with.the coil.

(2) The galvanometer can then be connected
across the voltage source in series with this resist-
ance and used to measure voltage. By Ohm’s law
the current flowing through the meter is propor-
tional to the voltage at its terminals. As explained
previously, this current flows through the moving
coil and develops a turning force proportional to
the current intensity. Therefore, the voltage across
the terminals of the voltmeter develops a turning
force which moves the pointer attached to the mov-

~ ing coil across a scale calibrated in volts.

b. Multipliers. (1) Because of the low resist-
ance of most meters only a very low voltage is re-
quired to cause full-scale deflection. The range of
a voltmeter may be increased, however, by the use
of additional resistances connected in series with
the meter. These additional resistances are called
multipliers. When the resistance of the meter cir-
cuit is increased by placing a resistor in series with
it, the voltage necessary to cause full-scale deflec-
tion is increased proportionately.

N .
GALVANOMETER |
CALIBRATED IN ————t—» |
VOLTS. | Ri I
| 1000~ |
| |
A |
VOLTAGE == l

= TEST R2
TO BE = ~ !
MEASURED. = PRODS. { 9000 |
T | |
- L7 e |

Figure 2. The galvanometer as a voltmeter.
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(2) If a resistor equal in value to the meter resist-
ance is placed in series with the meter across a
battery, half as much current will flow, or twice
“the voltage will be required for full-scale deflection
of the meter. If the meter is calibrated in units of
current, and the values of the meter resistance R1
and the multiplier resistance R2 are known, the
voltage across the battery may be calculated using
Ohm's law. However, the calculations for such
measurements may be eliminated entirely by cali-
brating the meter scale directly in volts and in-
cluding the multiplier resistor R2 as a component
part of the meter.

(3) A range switch may be included with the
meter to switch various fixed values of R2 into
the meter circuit, thereby permitting several volt-
age ranges to be used with one instrument. Usually
one resistance is used and tapped at several points
in order to provide several values of resistance.
The values of R2 are generally chosen in multiples
of 10 so that the resistance of the meter move-
ment will be a fraction, such as 14y, Vg0, O
Yooo of the total value of resistance in the meter
circuit. This permits the original voltage-calibrated
scale to be used on all ranges of the meter.

(4) As an example, suppose the meter movement
in figure 2 has a resistance of 1,000 ohms and the
scale of the meter is calibrated from zero to 1 volt.
It is desired to extend the range of the meter to
measure from zero to 10 volts. The multiplier
resistor R2 must drop 9 volts, leaving 1 volt across
the meter for fullscale deflection. By Ohm’s law,
the current through the meter with 1 volt across
it is 1 milliampere. Since this same value of cur-
rent must flow through R2, the resistance of R2
may be figured by Ohm's law to be 9,000 ohms.
Any voltage between zero and 10 volts may now
be measured by multiplying the reading on the
meter scale by 10. If it is desired to extend the
range of the meter to read from zero to 100 volts,
a multiplier resistance of 99,000 ohms must be
placed in series with the meter movement. Then
the voltage reading on the meter scale will be mul-
tiplied by 100 for the correct value of wvoltage
being measured. These figures may be verified by
using Ohm’s law.

c. Sensitivity. (1) The d-c voltmeters used in
Test Equipment RC-68-(*) are rated at either
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1,000 ohms per volt or 20,000 ohms per volt. This
figure is based upon the current sensitivity of the
meter movement, which means the amount of cur-
rent which must flow through the moving coil of
the meter for full-scale deflection. Thus, a meter
rated at 1,000 ohms per volt uses a moving-coil
system which, for full-scale deflection, requires 1
milliampere of current through the coil. A 20,000-
ohm-per-volt instrument uses a moving-coil system
which requires only 0.05 milliampere of current
through the meter for full-scale deflection.

(2) It is not possible to change a low-resistance
voltmeter to a high-resistance voltmeter of the same
range by simply connecting a resistance in series
with it, for this arrangement would reduce the cur-
rent flowing through the meter and would there-
fore reduce the deflection of the pointer. High-
resistance voltmeters are built especially for this
purpose and are more sensitive than the ordinary
low-resistance type. Usually more turns of wire
are wound on the moving coil to obtain the same
ampere-turn effect at a smaller value of amperes.

(3) If the internal resistance-per-volt rating of
the meter is known (such as 1,000 or 20,000 ohms-
per-volt), it is simple to establish the total meter
resistance for any voltage range selected for the
measurement. Multiply the ohm-per-volt rating of
the meter by the voltage range selected. Thus, a
1,000-ohm-per-volt meter set to the 5-volt range
represents a total meter resistance of 1,000 x §
(5,000 ohms). The same instrument set to the 250-
volt range represents a total meter resistance of
1,000 x 250 (250,000 ohms). In the case of a
20,000-ohm-per-volt meter set to the 5-volt range.
the meter resistance is 100,000 ohms; at the 250-
volt range, the meter has a resistance of 5,000,000
ohms. These figures show that the increase in volt-
age range is caused by the increase in the total
meter resistance which is placed in shunt with the
resistance in the circuit being checked.

d. Errors in D-c Voltage Readings. If correct
measurements are to be made and proper conclu-
sions reached, it is imperative to understand the
conditions which prevail in the components to be
tested and also in the test equipment. The combin-
ation of both will materially influence the accuracy
and interpretation of the measured values of
voltage.
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(1) An examination of the schematic diagrams of
the components of Radio Set SCR-268-(*) will
show that d-c operating potentials are applied to
the vacuum-tube elements through resistances vary-
ing from several ohms to as high as 1 megohm.
When one of the d-c voltmeters is connected across
these resistances, the internal resistance of the
voltmeter becomes a shunt path for the current
normally flowing through the resistance and devel-
oping the voltage across that same resistance. This
shunting effect is known as loading. Loading causes
a voltmeter reading lower than the true value exist-
ing across the resistance, when no supplementary
apparatus (such as the voltmeter) is connected
across that resistance. The same is true when volt-
age measurement is made between any two points
of a circuit containing such a resistance.

(2) The error which enters into the reading in
high-resistance circuits, where the meter resistance
is low compared to the resistance of the circuit be-
ing tested, is obvious in the following example.
Suppose that two 1-megohm resistors are placed
in series across a 100-volt battery (fig. 3). Accord-
ing to Ohm’s law, a current of 0.05 milliampere

will flow through each resistor, and a voltage drop

of 50 volts will occur across each resistor. In at-

tempting to measure this 50-volt drop with a 1,000

ohm-per-volt voltmeter using the 100-volt range,
the comparatively low 100,000-chm meter resist-
ance will be in parallel with the 1-megohm circuit
resistor (fig. 4). The value of the parallel combina-
tion is 90,909 ohms, or less than one tenth of the
original 1-megohm resistor. The total resistance
across the battery is now 1,090,909 ohms, and a
currerit of about 0.09 milliampere will flow. This
will cause a voltage drop of 90.9 volts across the
remaining 1-megohm resistor, and a voltage drop of
9.1 volts across the combination of the meter and
1-megohm resistor under test. The voltmeter will
indicate 9.1 volts, which. is an error of 82 percent,
much too great to be tolerated in repair work. It is
now evident that, for an accurate voltage reading
across a high-resistance circuit, the resistance of the
meter must be considerably higher than the resist-
ance of the circuit.

(3) The resistance of the meter circuit may be
changed only by changing the value of the multi-
plier resistors. This is accomplished by the range

Par. 6
50V. < RI-IMEG.
=
=B
— |00V
-
T 50V. S R2-IMEG.
TL-8400

—>> 0.05MA.

Figure 3. High-resistance series circuit.

v

RI-IMEG. RM-100000

100 V.

TOTAL RESISTANCE
‘OF RI & RM-90909"

—8|8]u]s]a——

— 0.09MA. R2-IMEG. TL-840l

Figure 4. Circuit shown in figure 3 showing
effect of voltmeter.

switch on the panel of the voltmeter. Since the
voltmeter resistance increases as the voltage ranges
are increased, the higher voltage ranges decrease
the loading effect and therefore are more accurate.
This seems to indicate that the meter-needle indi-
cation for a given voltage measurement should be
at the lower end of the calibrated scale for best
accuracy. However, it was shown that the current
meter was most accurate when the needle indica-
tion was at the top (maximum) portion of the
caibrated scale and, since the’ voltmeter is a cur-
rent meter calibrated in volts, the same reasoning
holds true for the voltmeter. This is in direct con-
trast to the discussion just finished on the volt-
meter. Obviously a compromise must be made.
When taking voltage readings across a low-resist-
ance circuit such as a battery, power-supply voltage
divider, or power line, the resistance of the meter
is sufficiently greater than the resistance of the

7
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circuit under test to be disregarded as a source of
error when placed in parallel with the circuit re-
sistance. The most accurate voltage reading across
a low-resistance circuit is made when the needle
indication is at the upper portion of the calibrated
scale. Consequently, the lowest available range of
the voltmeter should be used for this measurement.
Always take the precaution of starting with the
highest range and working down to the proper low
range in order to protect the meter from damage.

(4) Now, when taking voltage readings across a
high-resistance circuit, such as a grid-leak bias re-
sistor, the voltmeter resistance, even on the highest
voltage range, is too small to be disregarded as a
source of error when it is placed in parallel with
the circuit resistance. Therefore, the most accurate
reading across a high-resistance circuit is made us-
ing the highest range that will give a readable indi-
cation. This means that the needle will be at the
lower portion of the calibrated scale, and will indi-
cate a reading which is only approximate.

(5) If the d-c wvoltmeter in use contains both a
1,000 - ohm - per - volt and a 20,000-0hm-per-volt
measuring system selected by means of a switch,
the lower of the two can be used for all d-c voltage
measurements dacross low values of resistance or
low-resistance circuits. However, the 20,000-ohm-
. per-volt system should be used for all d-c measure-
ments in high-resistance circuits, as well as for the
measurement of low voltage in all circuits. A good
working rule to remember when using a voltmeter
is that the resistance of the voltmeter (its resistance
for the particular range used) should be at least
_ ten times the resistance of the circuit across which
" it is connected when making the voltage measure-
ment.

e. Effect of Variation in Voltage Range on Sen-
sitivity. (1) Whenever a d-c voltage measure-
ment is made across a circuit which contains a
substantial value of resistance, the actual indica-
tion upon the voltmeter will vary in accordance
with the voltage range selected as well as the meter
resistance. For example, when measuring 100 volts
across a 100,000-ohm resistor, the voltage indicated

“upon the meter will be different for the 1,000-ohm-
per-volt system and the 20,000-ohm-per-volt system.
Furthermore, it is different when the voltage range-
selector switch of the meter is set to 100 wvolts,

250 wvolts, or 500 volts. The indication of voltage
upon the meter increases with the increase in volt-
age range selected.

(2) The reason for this condition has already been
mentioned, namely, that the higher the voltage
range selected, the higher will be the internal re-
sistance of the voltmeter, and the less the loading
effect upon the circuit under test; consequently,
the meter reading will approach more closely the
true value of voltage across the circuit being
checked. Conversely, the greater the loading of
the voltmeter upon the circuit under test, the lower
will be the voltmeter reading as compared with
the true voltage across the circuit without any load.
Correction factors for establishing true voltage
cannot be stated because of the wide range of

ohmic values of resistances used in the wvarious

tube circuits. Furthermore, the voltages to be
measured vary over a wide range, and it is im-
possible to state exactly the particular voltmeter
range which will be selected for voltage measure-

ment.

7. THE A-C VOLTMETER.

a. General. (1) The direct current operated
voltmeter may be used to measure a-c voltages pro-
vided the meter is used in conjunction with a recti-
fier. The a-c voltage must be rectified before it is
applied to the meter circuit for measurement. The
rectifier used for this purpose is usually of the full-
wave, copper-oxide type, consisting of four copper-
oxide rectifier disks connected in a bridge circuit.
The rectification is caused by the oxide film formed
on the copper disks. Current flows readily from
the oxide to the copper and much less readily in

‘the reverse direction. The disks are usually ar-

ranged in a stack, with suitable terminals between
adjacent disks for connection to the instrument
and to the external circuit. Contact to the oxide
coating is made by the use of lead washers, graph-
ite, or various metals applied to the surface, the
main requirement being low-resistance contact over
an extended period of time.

(2) Since the output of the rectifier is a pulsating
direct current, the movement of the meter needle
follows the average value of the measured voltage.
However, most a-c voltmeters are calibrated in



" Meters

"TM 11-1053
Pars. 7-8

terms of the root-mean-square (rms), or effective,
value of voltage.

(3) The a-c voltmeters used in the voltage-measur-
ing units of Test Equipment RC-68-(*) consist of
1-milliampere d-c meters operated in conjunction
with copper-oxide rectifiers to become 1,000-ohm-
per-volt a-c voltmeters. The 20,000-ohm-per-volt
instrument in Analyzer I-167 (Weston model 772)
is converted into a 1,000-ohm-per-volt meter by
means of an external shunt.

b. Errors in A-c Voltage Readings. (1) In
voltage measurements taken with a current-oper-
ated a-c meter, the copper-oxide rectifier is an out-
standing source of error. The rectifier varies in
efficiency with the amount of current passing
through it. As the current flow increases, the re-
sistance of the rectifier decreases. Thus the total
of the multiplier and meter resistances is changed
with the variation of current flow. This introduces
error in reading an evenly calibrated -scale. If the
scale is calibrated to compensate for this error, it
is so crowded at the lower end that accurate read-
ings at that end are difficult.

(2) The ac meters are suitable for measurement
of a-c voltages only up to about 10,000 cycles, be-
cause the accuracy of the rectifier-meter combina-
tion decreases about 0.5 percent per thousand
cycles. The frequencies of most of the signal volt-
ages in Receiver BC-406 are so high as to be
beyond the range of the analyzers included in Test
Equipment RC-68-(*). These signal voltages are
of the order of 205 megacycles in the radio-fre-
quency (r-f) and miexr systems; 185 megacycles in
the oscillator, oscillator-buffer, and mixer systems;
and approximately 20 megacycles in the inter-
mediate-frequency (i-f) system. Other signal volt-
ages in the receiver, keyer, range unit, and oscillo-
. scope are in the audio-frequency (a-f), band which
permits the application of the a-c voltmeters con-
tained in the analyzers, provided these signals are
sinusoidal. ‘

(3) The signal voltages in some of the components
of Radio Set SCR-268-(*) are essentially of pulse,
saw-tooth, and rectangular waveshape, and as such
cannot be accurately measured by means of the
meter-type a-c voltmeters contained in the test
equipment. These nonsinusoidal signal voltages de-
crease the accuracy of the meter.

(4) Another factor which may cause errors in a-c
voltage readings is the previously discussed loading
effect of the analyzer system upon the a-c circuit
which is being measured (par. 6d(1)).

c. The Output Meter. (1) This instrument is
an a-c voltmeter, usually calibrated in volts. When
used as an output meter it indicates comparative
voltage readings. An application of this would be
in the alignment procedure of a radio set, where it
is merely used to indicate a maximum swing of
the needle for a given condition, such as resonance
in a tuned circuit through which a signal is passing.

(2) A series capacitor self-contained in the instru-
ment is supplied for taking output readings directly
from the plate circuit of any vacuum tube. The
capacitor isolates the instrument so that d-c poten-
tial will not cause damage. When taking a-c read-
ings, never use the series capacitor if actual voltages
are to be measured, as the impedance of the capa-
citor will vary with frequency and therefore will
materially upset the calibration of the instrument.
Where comparisons are made in output, the capa-’
citor may be used provided the variations in audio
frequency are not a factor.

8. THE OHMMETER.

a. General. (1) The galvanometer may be used
to measure resistance if it is connected as.shown
in figure 5. It has been shown that if a galvan-
ometer ‘is placed across a source of voltage, the
amount of current flowing through the meter de-
pends upon the resistance of the meter circuit. In
the case of the voltmeter, the resistance was fixed
so that the voltage could be measured. In the case
of the ohmmeter, the voltage is fixed so that

| 1
GALVANOMETER | —
CALIBRATED IN |
OHMS. i 0
I R 1:&‘
| 1000~

R3
RESISTANCE
TO BE
MEASURED.

Figure 5. The galvanometer as an ohmmeter.
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resistance may be measured. The fixed voltage is
supplied by a battery which is included as a part
of the ohmmeter.

(2) Suppose the same galvanometer that was used
as a voltmeter is to be used as an ohmmeter, The
meter-coil resistance R1 will then be 1,000 ohms,
and a current of 1 milliampere flowing through the
coil will cause full-scale deflection. If the battery
used with the ohmmeter has a terminal voltage
of 4.5 volts as in figure 5, the resistance in the
meter circuit for a current flow of 1 milliampere
must be 4,500 ohms. If 1,000 ohms of the resist-
ance is in the coil of the meter, 3,500 ohms must
be added to the circuit. This is accomplished by
R2, a variable resistor with a maximum resistance
of 4,000 ohms. R2 is then adjusted to a value of
3,500 ohms. But R3, the resistance to be measured,
is also in the circuit, If R3 is shorted out and R2
is adjusted to exactly 3,500 ohms, the meter will
indicate full-scale deflection. This corresponds to
a reading of zero ohms since the value of R3 when
it is shorted out is zero ohms. Full-scale deflection
on the scale may then be calibrated as zero ohms.
If the short across R3 is removed, resistance will
be added to the meter circuit and cause less cur-
rent to flow through the meter. This means that
there will be less deflection of the needle on the
calibrated scale. If R3 has a value of 4,500 ohms,
the total resistance in the meter circuit will be
9,000 ohms, exactly twice the previous value for
full-scale or zero-ohms deflection. Therefore the
current will be one half of what it was before, and
“the meter will read half scale. The half-scale mark
on the meter will then correspond to 4,500 ohms
and may be calibrated as such. Various values of
R3 will then cause various deflections on the meter
scale which, if calibrated in ohms, will indicate the
value of the resistance under test.

b. Zeroing the Meter. The process of adjusting
R2 for full-scale deflection on the meter scale with
R3 shorted out (or, what amounts to the same
thing, with the test prods shorted together) is
called zeroing the meter. THE METER MUST
BE ZEROED EVERY TIME AN UNKNOWN
RESISTANCE IS MEASURED. R2 is variable
instead of fixed because the battery voltage does
not remain constant over a period of time. As the
battery ages, its terminal voltage drops and thus

10

reduces the current flow through the meter. In a
situation involving lower battery voltage, R3
shorted out, and R2 still adjusted to 3,500 ohms,
the meter deflection will no longer be full scale.
However, if R2 is readjusted to a value less than
3,500 ohms, the current may be increased to cause
full-scale deflection again for zero ohms.

c. Range. The average ohmmeter stale is cali-
brated from zero to 1,000 ohms, with zero ohms
corresponding to full-scale deflection and 1,000
ohms corresponding to only a very slight deflec-
tion. To read values of resistance higher than 1,000
ohms, the range of the ohmmeter must be in-
creased. This is done in a manner similar to the
method used for the voltmeter. A single calibrated

~ scale is used, and all ranges are increased in mul-

tiples of 10. Thus the single scale may be used
to read all resistances simply by multiplying the
meter reading by the appropriate figure such as
10, 100, 1,000. In order to increase the range of
the ohmmeter, the battery voltage must be in-
creased. Because the resistance under test is added
to the meter circuit and limits the current flow
through the meter movement, the meter movement
resistance must be sufficiently low to allow ade-
quate current to flow through and cause deflection
on the meter. If resistance R3 under test is so high
in value that the current flow through the meter
is insufficient to cause needle deflection, the bat-
tery voltage must be increased in order to cause
greater current flow through the meter. The bat-
tery voltage may be made variable by placing a
voltage divider across a-battery with high-terminal
voltage and tapping the divider at various points.

d. Testing of Capacitors. Instructions explain-
ing the use of the ohmmeter in testing capacitors
is given in paragraph 197.

9. PRECAUTIONS WHEN HANDLING
METERS. Since the meters contained in Test
Equipment RC-68-(*) are sensitive instruments,
precautionary measures must be taken when hand-
ling each piece of equipment.

a. Connecting and Setting Voltmeters. When a
voltmeter is applied to a circuit for voltage measure-
ment, whether a-c or d-c, always set the range-
selector switch to the highest voltage range before
taking any measurements. Then, with the instru-
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ment connected, reset the voltage-range-selector
switch to give the most readable indication. This
simple precaution may save the instrument from
serious damage. Meter pointers should not be
banged across the scale, Furthermore, an excessive
overload will burn out the meter coil or the copper-
oxide rectifier. Even if the meter coil or the recti-
fier are not burnt-out, careless handling will bend
the pointer and spoil the accuracy of the reading.

b. Polarity. Always observe correct polarity,
when the test leads.are applied to the component
being measured. All d-c voltages are usually meas-
ured with respect to ground. When measuring
positive d-c voltages, connect the positive lead to
the voltage source and the negative lead to the
chassis or ground. When measuring negative d-c
voltages, connect the negative lead to the voltage
source and the positive, lead to the chassis or
ground. If this polarity is not observed, the anal-
yzer will be damaged. If the polarity cannot be de-
termined, merely touch the test leads to the source
of voltage, using a range of 500 volts or higher.
If the meter kicks to the left, off scale, the test
leads are reversed. Reverse the leads and continue
with the measurement. ’

c. Connecting Ammeters, Always connect an
ammeter or milliammeter in series with either side
of the line. When connecting an ammeter in a cir-
cuit, open one side of the line and connect the
ammeter so that the current flows through it.
Never connect an ammeter across the line, since

its very low resistance would allow a heavy rush

of current to burn out the meter.

d. A-c and D-c Measurements. Make certain
when changing from a-c to d-c measurement that
the selector switch has been properly set to adapt
the instrument for d-c measurement. Be sure that
similar precautions are observed when changing
from'd-c to a-c measurements. A few seconds of
thought may save hours of work. ’

e. Tube Sockets. Take care before attempting
to measure voltages at any tube socket. Modern
octal sockets look alike but tube elements do not
always terminate upon the same terminals on the
sockets. It is easy to make a mistake. If the tube-
pin connections are not familiar, consult a reference
manual.

f. High Voltages. Operating voltages in the
radio set range from a fraction of a volt to approx-
imately 11,000 volts. Since high voltages are dan-
gerous and require extreme care in making meas-
urements, do not attempt to measure voltages ‘n
excess of 500 volts. Whenever it is necessary to
examine circuits containing higher voltages, such
as the keyer or oscilloscope high-voltage circuits,
make resistance and continuity tests with the -
power OFF,

g. Live Circuits. Never connect an ohmmeter
to a live circuit. Do not touch the metal portion of
the test prods while in use.

h. Battery Drainage. Do not allow the ohm-
meter test leads to be.shorted for an excessive per-
iod of time, such as when the meter is not in use,
in order to preserve the battery.

11
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SECTION III |
ANALYZER 1167, WESTON MODEL 772

10. GENERAL.
combination a-c d-c voltage-measuring and d-c re-

Analyzer 1-167 is one of the

sistance-measuring devices contained in the test
equipment. A front view of the panel with identi-
fication of the functions of the various connectors
and switches is given in figure 6 and a complete
schematic diagram is presented in figure 7. This
unit is equipped to measure d-c volts between zero
and 1,000 in five ranges, d-c current from zero to
250 milliamperes in three ranges, and from zero
to 1 and from zero to 10 amperes in two ranges.
The instrument will measure d-c resistance from
zero to 30 megohms and a-c volts from Zzero to
1,000 in five ranges. Individual scales are provided
for resistance measurement, d-c volts, and a-c volts.
The d-c-volt scale is also the d-c-current scale. All
the d-c-volt ranges are available at a sensitivity
of 20,000 ohms per volt. All the a-c ranges operate
at 1,000 ohms per volt.

11. APPLICATIONS OF ANALYZER
TO RADIO SET SCR-268-(*).

-a. Limitations. (1) Operating voltages in Radio
Set SCR-268-(*) cover a range from a fraction of
a volt to about 11,000 volts. Voltages in parts of
certain components cannot be measured by the
analyzer because they exceed the voltage ranges
of the analyzer. Such voltages appear in the trans-
mitter, the rectifier, the modulator, the high-volt-
age power supply (to the cathode-ray tube) in the
oscilloscope, and the final amplifier and high-volt-
age power supply circuits of the keyer.

(2) The high frequency of most of the signal volt-
ages in the receiver limits the use of the analyzer.
These signal voltages are approximately 205 mega-
cycles in the r-f and mixer circuits; 185 megacycles
in the oscillator, buffer, and mixer circuits, and 20
megacycles in the i-f circuits. The analyzer is suit-

-able for measuring a-c voltages up to 10,000 cycles

only.

(3) The pulse and rectangularly shaped signal
voltages in the oscilloscope and keyer cannot be
measured accurately by the analyzer.

(4) A further limitation in the use of the analyzer
is imposed by the high resistance of receiver-grid
circuits. This resistance may result in loading, a
condition explained in paragraph 6d.

b. D-c Voltages. The analyzer will measure
safely all d-c operating potentials in' the receiver
and range units and can be used also in all the low-
voltage circuits of the oscilloscope and keyer.

c. A-c Voltages. The voltage-measuring device
included in the analyzer may be applied to all
audio-frequency voltages within its range such as
the audio output of the receiver and oscilloscope.
However, the meter accuracy decreases when it is
applied to the nonsinusoidal waveshaped pulses at
different points in both the oscilloscope and keyer.

d. Resistance Measurements. The analyzer can
be used to make continuity tests and take resistance
measurements in all components of the set. These
operations always are performed with no voltage
applied to the circuit. The ohmmeter is particularly

13
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Figure 6. Amnalyzer I-167, Weston model 772, panel view.

useful in making continuity tests of cords and
cables.

e. Precautions. Refer to paragraph 9 for pre-

cautions to be taken when handling meters.

12. D-C VOLTAGE MEASUREMENTS. The
following procedure is given for measuring d-c
voltages:

CAUTION: Do not attempt to measure
voltage in excess of 500 volts.

14

a. Plug the red test lead into the jack marked
D.C. VOLTS, OHMS, D.C. MILLIAMPS. Plug
the black test lead into the —jack.

b. Set the toggle switch to the D.C. position.

¢c. Rotate the range switch to any one of the
four ranges required. If the approximate voltage
is not known, always use the highest voltage range
and reset the range after the instrument is con-

nected.
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d. Apply the test leads to the circuit being
measured, observing polarity. For d-c positive volt-
ages, connect the red test lead to the voltage
source and the black test lead to the chassis or
ground. For d-c negative voltages, reverse the leads.

e. Take the reading on the black VOLTS MA.
AMPS scale using the associated numbering. Mul-
tiply by 1, 10, or 100 in accordance with the switch
range being used. All ranges are 20,000 ohms per
volt. The current that the voltmeter draws may be
calculated on any measurement in terms of a full-
scale deflection of 50 microamperes.

f. The resistances of the volt ranges are as
follows:

Volt ranges Resistances
2.5-volt range 50,000 ohms
10-volt range 200,000 ohms
50-volt range 1 megohm
250-volt range 5 megohms
1,000-volt range 20 megohms

13. D.C CURRENT MEASUREMENTS. All
current measurements are made) with the test leads
in series with the load. Following are instructions
for taking d-c current measurements.

CAUTION: Do not attempt to measure
current in the presence of voltage greater
than 500 volts.

a. For 250, 50, or 10 Milliamperes. (1) Plug
the red test lead into the —jack marked D.C.
“VOLTS OHMS D.C. MILLIAMPS. Plug the
black test lead into the —jack.

(2) Set the toggle switch in the D.C. position.

(3) Rotate the range switch to the desired milli-
ampere range (250ma, 50ma, or 10ma),

(4) Apply the test leads in series with the load,
making sure that proper polarity is observed. Al-
ways apply the positive lead in the direction of the
higher-potential source and connect the negative
lead in the direction of the lower-potential source.
(5) Take the reading on the black VOLTS MA.,
AMPS scale.

b. For 1 Milliampere or 100 Microamperes.
(1) Plug the black test lead into the —jack
marked D.C. VOLTS OHMS D.C. MILLIAMPS.

(2) Plug the red lead into the jack marked 41
MILLIAMP or 4100 MICROAMPS as required.

(3) Set the range switch in the 10 MA — 1 MA
— .1 MA position,

(4) Apply the test leads in series with the load,
observing proper polarity.

(5) Take the reading on the black VOLTS MA.
AMPS scale.

c. For 50 Microamperes. (1) Plug the red test
lead into the +jack marked D.C. VOLTS OHMS
D.C. MILLIAMPS. Plug the black test lead into
the —jack.

(2) Set the toggle switch to the D.C. position.
(3) Rotate the range switch to the 2.5 V position.
(4) Apply the test leads in series with the load,
observing proper polarity.

(5) Take the reading on the black VOLTS MA.
AMPS scale. The full scale is 50 microamperes.

d. For 1 or 10 Amperes. (1) Plug the black

test lead. into the —jack marked D.C. VOLTS

OHMS D.C. MILLIAMPS,

(2) Plug the red test lead into the 41 AMP, or
+10 AMP. jack as required.

(3) Set the range switch to the 250 MA. — 1 A.
— 10 A. position.

(4) Apply the test leads in series with the load,
observing proper polarity.

(5) Take the reading on the black VOLTS MA.
AMPS scale.

14. RESISTANCE MEASUREMENTS. Take
all resistance measurements with the power in the
circuit off.

a. Plug the test leads into the D.C. VOLTS
OHMS D.C. MILLIAMPS jacks.

b. Set the toggle switch to the D.C. position.

c. Rotate the range switch to the ohm range
desired.

Range Ohms
R ’ 0 to 3,000
Rx10 0 to 30,000
R x 1,000 0 to 3 megohms
R x 10,000 0 to 30 megohms

15
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d. Short-circuit the test leads and set the pointer
to full scale by rotating the OHMMETER AD-
JUSTER knob.

e. Apply the free ends of the test leads across
the circuit being measured, and take the ohm-re-
sistance reading on the top scale using the multiply-
ing factor in accordance with the switch position.

f. When ranges are changed, short-circuit the
test leads and readjust the OHMMETER AD-
JUSTER until the pointer indicates exactly full
scale.’

15. A-C VOLTAGE MEASUREMENTS.

a. Plug the test leads into the A.C. VOLTS
jacks.

b. Set the toggle switch in the A.C. VOLTS &
OUTPUT METER position.

c. Rotate the range-selector switch to the correct
voltage range. If the correct range is not known,
use the highest voltage range and readjust the
range after the instrument is connected.

d. Apply the test leads to the circuit being
measured.

e. Read the red arc for all a-c volt ranges.

16. USE AS AN OUTPUT METER.

a. General. An output meter is a device used
for measuring the output power of amplifiers,
radio receivers, etc. The method of measurement
is to feed the output of the set to a load resistance
in the meter and measure the voltage drop pro-
duced across this resistor. The scale is calibrated
in volts. For the purpose of measuring the signal
voltage in a circuit that also contains d-c, a capa-
citor has been incorporated in the analyzer circuit
used to measure a-c (fig. 7).

b. Operation. (1) Plug the test leads into the
OUTPUT METER jacks.

(2) Set the toggle switch to the A.C. VOLTS &
OUTPUT METER position.

(3) Rotate the range switch to any one of the five
voltage ranges desired.

(4) Apply the free ends of the test leads to the
circuit being measured.

16

(5) The readings will be relative as the 0.2-mfd
capacitor in the circuit will cause an error on low
ranges. This capacitor (which is built into the anal-
yzer to protect the instrument against direct current)
is limited to 400 volts direct current and must not
be used in circuits which exceed this d-c voltage.

17. MAINTENANCE.

a. General. (1) Analyzer 1-167 is a precision
instrument and no maintenance will be attempted
by inexperienced personnel. Analyzers contain
many parts which are more delicate than parts of
a fine watch. Mechanical shocks or electrical over-
loads will damage the meter or affect its accuracy.
Maintenance of this analyzer will consist chiefly
of battery replacement and, to a limited extent, re-
placing of component parts. Locate faults by con-
tinuity tests, by resistance measurements, and by
visual inspection,

CAUTION: Do not attempt any adjust-
ment or repair on the meter movement.

(2) The schematic diagram (fig. 7) shows the
values of component parts.

(3) Replace batteries which are part of the meter
when necessary. Need for replacement may be in-
dicated by faulty meter operation or by periodic -
checks. When opening test equipment for inspec-
tion of batteries, visually inspect the wiring and

‘component parts for loose connections, obviously

overloaded components, dirty switch contacts, or
other likely sources of trouble.

(4) In testing meter circuits with an ohmmeter,
the sensitive indicating-meter movement of a piece
of test apparatus should be disconnected first from
the circuit.

b. Battery Testing and Replacement. (1) The
Weston model 772 analyzer utilizes two Burgess
No. 5540 batteries of 7.5 volts each, connected in
series with a tap-off of 1.5 volts for the three low-
est ranges (R, Rx10, Rx1,000). These batteries are
located in the bottom of the case and held in place
by clamps. The batteries may be reached for re-
placement or test by removing the four corner
screws on the panel and lifting the complete anal-
yzer from its case.
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(2) With the test leads inserted in the jacks
- labeled OHMS and the toggle switch set at OHMS,
short the two leads together. If the pointer does
not reach full-scale deflection on any of the four
ranges, and the ochmmeter adjuster will not correct
this, the batteries should be checked and replaced in
the same positions and polarity. :

(3) If the pointer reaches full-scale deflection on
the Rx10,000 range but does not on the three
lowest ranges (R, Rx10, Rx1,000), the batteries
. are still good but the single cell used to supply
1.5 volts to the three low ranges has weakened. It
is not necessary in this case to replace the batteries.

18

Merely interchange the respective connections to
the. two batteries so that, in effect, the two bat-
teries have changed position and the green lead is
now connected to the —6 post of the other battery.
Observe proper polarity when making these
changes in the battery connections.

c. Meter Zero Adjustment. The meter needle
should point to zero on the a-c volt scale before -
making any measurements with this analyzer. If
the meter is not indicating zero when in normal
position (no measurements being made), adjust it
by turning the screw directly below the scale on
the meter case.



TM 11-1053
Pars. 18-19

S-ECTI‘ON Iv
ANALYZER 1-153, PRECISION SERIES 856

18. GENERAL. Analyzer I-153 is another unit

that may be supplied with the test equipment. The
front view of the panel is shown in figure 8. The
. schematic of this tester is shown in figure 9. This
unit is a multlrange instrument equipped to measure

- d-c volts between zero and 6,000 in seven ranges,

at sensitivities of 20,000 and 1,000 ohms per- volt;
a-c volts between zero and 6,000 in seven ranges,
at a sensitivity of 1,000 ohms per volt; and resist-
ances from zero to 60 megohms in three ranges.
The analyzer can measure d-c current from zero

to 300 microamperes in two ranges, from zero to

600 milliamperes in four ranges, and from zero
to 12 amperes in one range. ‘

19. APPLICATIONS OF ANALYZER
- TO RADIO SET SCR-268-(*).

_a. Limitations.
Set SCR-268-(*) cover a range from a fraction of
a volt to about 11,000 volts. Voltages in parts of
certain components cannot be measured by the
- analyzer because they exceed the ‘range.-of the
analyzer. Such voltages appear in the transmitter,
the rectifier, the modulator, the high-voltage power
- supply (to the cathode-ray tube), the oscilloscope,
and the final amplifier and high-voltage power-
supply circuits of the keyer.

(2) The high frequency of most of the signal
voltages in the receiver limits the use of the anal-
yzer. These signal voltages are approximately 205
megacycles in the r-f and mixer circuits; 185 mega-
cycles in the oscillator, buffer, and mixer circuits,
and 20 megacycles in the if circuits. The analyzer

'(1). Operating voltages in Radio |

is suitable for measuring a-c voltages up to 10,000
cycles only,

(3) The pulse and rectangularly shaped signal volt-
ages in the oscilloscope and keyer cannot be meas-
ured accurately by the analyzer.

(4) A further limitation in use of the analyzer
is imposed by the high resistance of the receiver
grid circuits. This resistance may result in loading,
a condition which is explained in paragraph 6d.

b. D-c Voltages. The analyzer _will« measure
safely all d-c operating ‘potentials in the receiver
and range units and can be used also in all the low-
voltage circuits of the oscilloscope and keyer.

c¢. A-c Voltages. The voltage-measuring device
included in the analyzer may be applied to all
audio-frequency voltages within its range, such as
the audio output of the receiver and the range unit
and the various audio pulses present in the keyer
and oscilloscope. However, the accuracy of the
meter decreases when it is applied to the nonsinu-
soidal waveshape of the pulses at different points
in both the oscilloscope and the keyer.

d. Resistance Measurements. The analyzer can
be used to make continuity tests and resistance
measurements in all components of the set, as
these operations always are performed with no
voltage applied to the circuit. The ohmmeter is
particularly useful in making continuity tests - of
cords and cables.

e. Precautions. Refer to paragraph 9 for pre-
cautions to be observed when handling meters.

19





























































































































































































































































































































































































































































































































































































































































