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UNSATISFACTORY REPORTS

FOR U. 5. ARMY AIR FORCE PERSONNEL

In the event of malfunctioning, unsatisfactory design or unsatisfactory installation
of any of the component units of this equipment, or if the material contained
in this book is considered inadequate or erroneous, an Unsatisfactory Report,
AAF Form No. 54 or a report in similar form shali be submitted in accordance
with the provisions of Army Air Force Regulation No. 15-54, listing:

1. Station and organization.

2. Nameplate data {type number or complete nomenclature if nameplate
is not attached to the equipment).

Date and nature of failure.
Airplane model and serial number.
Remedy used or proposed to prevent recurrence.

A AN

Handbook errors or inadequacies, if applicable.

FOR U. 5. NAVY PERSORNNEL

Report of failure of any part of this equipment during its guaranteed hfe shall be
made on Form N, Aer. 4112 “Report of Unsatisfactory or Defective Material”’ or
a report in similar form, and forwarded in accordance with the latest instruction
of the Bureau of Aeronautics. In addition to other distribution required, one copy
shall be furnished to the Inspector of Naval Material, 30 Church Street, New
York, and the Bureau of Ships. Such reports of failure shall include:

1. Reporting activity.
Nameplate data.

Date placed in service,

Part which failed.

Nature and cause of failure.
Replacement needed (yes-no).

- A

Remedy used or proposed to prevent recurrence.

FOR BRITISH PERSONNEL

Form 1022 procedure shall be used when reporting failure of radio equipment.
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NOTICE

The components of Model AN/ARC-5 Aircraft Radio
Equipment described in this volume are furnished on U. S.
Navy contract NXsa-40001. Lots 1 and 2 of this contract

correspond to earlier U. S. Army Contracts W-2126-5C-387

{(File No. 2808-WF-42) and W.2126-5C-1221 (File No.
7461-WF-43). The name plates of units bearing Army
nomenclature show no contract or file number. The name-
plates of units bearing “AN” nomenclature show the Army
file number. In no case does the Navy contract number
appear on the nameplates of the components described in

this text.
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SAFETY MNOTICE

THE DYNAMOTOR ON THE MODULATOR OF THIS EQUIPMENT
GENERATES 600 VOLTS D-C. THIS IS SUFFICIENT TO CAUSE SE-
VERE SHOCK, OR EVEN DEATH. MAKE ABSOLUTELY CERTAIN
THAT THE DYNAMOTOR IS NOT RUNNING BEFORE MAKING ANY
ADJUSTMENT WHATEVER EXCEPT TUNING THE TRANSMITTERS.

Removing the tube cover of the modulator exposes the high voltage plate con-
nections to the top caps of Tubes JAN-1625. This cover should be safety-wired

" in place at the time of installation. Removing the top cover on Radio Transmitter

T-23/ARC-5 exposes many high voltage connections. The high voltage from
the dynamotor also appears on the test jack on the front of this radio transmitter;
this hazard should be avoided by stopping the dynamotor whenever the cap is
removed from this jack. Do not altempt to connect or disconnect a transmitier or a
power plug while the dynamotor is running. Do not depend upon kearing the dyna-
moter or upon observing the several switch positions to determine whether the
dynamotor is running-—feel it.

FIRE: 1f the radio compartment has been exposed to gasoline vapor, make cer-
tain that it is aired out well before turning on the power.

The dynamotor on the receiver generates 250 volts d-c. The danger of exposure
to this voltage must not be ignored. Make certain that ali dynamotors are off
belore performing any adjustment to the equipment other than those accessible
at the front of the receiver.

THIEE ATTENTION OF OFFICERS AND OPERATING PERSONNEL IS
DIRECTED TO U. S. NAVY BUREAU OF ENGINEERING CIRCULAR
LETTER NO. 5a OF 3 OCTOBER, 1934, OR SUBSEQUENT REVISIONS
THEREOCYF ON THE SUBJECT OF “RADIO-SAFETY PRECAUTIONS TO
Bl OBSERVED.”
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DESTRUCTION OF ABANDONED MATERIAL
iN THE COMBAY ZONE

In case it should become necessary to prevent the capture of this equipment,
or when ordered to do so, DESTROY IT S0 THAT NO PART OF IT CAN BE
SALVAGED, RECOGNIZED OR USED BY THE ENEMY. BURN ALL

PAPERS AND BOOKS.

MEANS:—
1. Explosives, when provided.
2. Hammers, axes, sledges, or whatever heavy objects are feadi]y available.
3. Burning by means of incendiaries, such as gasoline, oil, paper or wood.
4. Grenades and shots from available arms. -
5. Where possible, and time permits, bury all debris or dispose of it in streams
or other bodies of water.
PROCEDURE :—
1. Obliterate all identifying marks. Destroy nameplates and cireuit labels.
2. Demolish all panels, castings, switch- and instrument-boards.
3. Destroy all controls, switches, relays, connecting means, and meters,
4. Rip out all wiring in electrical equipment. Smash gas, oil and cooling sys-
tems in gas engine generators, etc.
5. Smash every electrical or mechanical part whether rotating, moving or fixed.
6. Break up all operating instruments such as keys, headsets, microphones, etc.
7. Destroy all classes of carrying cases, straps, containers, etc,
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GUARANTEE

This equipment, including all parts and spare parts, except vacuum tubes, and
material normally consumed in operation, is guaranteed for a period of ONE
YEAR from the date of delivery of the equipment to and acceptance by the
Government with the understanding that all such items found to be defective as
to material, workmanship or manufacture will be repaired or replaced, f.0.b. any
point within the continental limits of the United States designated by the Gov-
ernment, without delay and at no expense to the Government; provided that
such guarantee will not obligate the contractor to make repair or replacement
of any such defective items unless the defect appears within the aforementioned

period and the contractor is notified therebf in writing within a reasonable time

and the defect is not the result of normal expected shelf life detérioration.

To the extent the equipment, including all parts and spare parts, as defined
above, is of the contractor’s design or is of a design selected by the contractor, it is
also guaranteed, subje;:t to the foregoing conditions, against defects in design.

All such defective 1tems will be subject to ultimate return to the contractor.
In view of the fact that normal activities of the Naval Service may result in the
use of equipment in such.remote portions of the world or under such conditions
as to prectude the return of the defective items for repair or replacement without
jeopardizing the integrity of Naval communications, the exigencies of the Service,
therefore, may necessitate expeditious repair of such items in order to prevent
extended interruption of communications. In such cases the return of the defec-
tive items for examination by the contractor prior to repair or replacement will
not be mandatory. The report of a responsible authority, including details of the
conditions surrounding the failure, will be acceptable as a basis for affecting ex-
peditious adjustment under the provisions of this contractual guarantee.

The above one year period will not include any portion of time the equipment
fails to perform satisfactorily due to any such defects, and any items repaired or
replaced by the contractor will be guaranteed anew under this provision.
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RADIO TRANSMITTER - i RADIO RECEIVER
T-23/ ARC-5 ‘ ’ R-2B/ARC-5

COAXIAL CABLE ADAPTER BC-30 DC-31
RG-8/U 49192 CRYSTAL UNITS

C-30/ARG-5 C-43/ARC-5 : Cc-42/ARC-5

CONTROL UNITS -~

Figure 1-—VHF Components of Model AN ARC-5 Aircraft Radio Equipment
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Section |

Paragraph 1

SECTION |—GENERAL DESCRIPTION

1. INTRODUCTION

a. GENERAL

This ts Volume 2 of a HANDBOOK OF MAIN-
TENANCE INSTRUCTIONS FOR MODEL
AN/ARC-5 AIRCRAFT RADIO EQUIPMENT, It
covers the VHF (very-high-frequency) components of
the radico equipment designated. Except for a few
cases of necessary cross-reference, it does not include
LFE-MF-HF (ow-frequency -— medium-frequency —
high-frequency) components, which are covered in
Volume 1. Moreover, there are ceriain equipment
components which are employed at all frequencies.
Descriptions and maintenance instructions for these
elements are likewise contained in Volume 1, and
are not repeated in this volume.

Operating instructions for pilots and radio operators
dre contained in: HANDBOOK OF OPERATING
INSTRUCTIONS FOR MODEL AN/ARC-5 AIR-
CRAFT RADIO EQUIPMENT,; this includes in-
structions for operating the equipment at all fre-

quencies. Section IIT of this maintenance handbook

covers the operation of the equipment at very high
frequencies only.

The VHF components of Model AN/ARC-5 Air-
craft Radio Equipment, which are described in this
volume, provide for two.-way radio-telephone com-
munication in the frequency band between 100 and
156 megacycles. (In an emergency, they may also be
employed for radio-telegraph communication, but this
is not the normal procedure.)

The equipment is of low power and is intended for
use over moderate distances. Under most conditions,
reliable communication can be expected over a range
stightly greater than the line-of-sight (optical) path,
However, under certain circumstances, signals may be
intercepted far beyond the line-of-sight distance. This
matter, and its bearing on radio security, are discussed
in Section I, Paragraphs 8a and 8b, of this volume.

All VHF telephonic and tone-modulated telegraphic
communication is carried out on the basis of amplitude
modulation,

b. EQUIPMENT SUPPLIED

The following are furnished as VHF components of Model AN/ARC-5 Aircraft Radio Equipment:

Name of Unil

Radio Transmitter T-23/ARC-5, with Tubes and Crystals
Radio Receiver R-28/ARC-5, with Tubes and Crystals,

less Dynamotor
Crystal Unit DC-30 for VHF Transmitter
Crystal Unit DC-31 for VHF Receiver
Controt Unit C-30/ARC-5
Control Unit C-42/ARC-5
Control Unit C-43/ARC-5
Test Equipment 1E-35-A
Test Equipment AN/GRM-1

Cable, Coaxial, RG-8/U {previcusly coded CASSF-50-1)

Adapter, Coaxial, Right Angle, Type 49192
Plug, Coaxial, Type 49195

. Numerical
Series of
Over-all Weight Reference
Dimensions {Pounds) Svmbols
153" x 83" x 529" 12.3 300 to 399
14" x 756" x 4747 14.5 100 to 299
184" x 1047 x 14" 0.06
15" x 13g" x 1" (.06
3307 x 415" x 414" 1.4 400 to 409
S x 334" x 3 1.0 460 to 469
224" x 914" x 5147 2.6 410 to 419
620 to 659
600 to 699
0.1 per foot
156" x 156" x 34" 0.07
194" x 34" 0.06

RESTRICTED 1
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Figure 2—VHF and LF-MF-HF Transmitters and Receivers
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Over-all dimensions and weights are shown in
Figures 55, 56 and 57. Photographs of the com-
ponents, except the test equipments, are shown in
Figure 1 {the test equipments are covered in Section
V of this velume). A VHF transmitter and a VHF
recelver, mounted in racks with typical LE-MF-HF
components, are shown in Figure 2.

¢. EQUIPMENT REQUIRED BUT NOT
SUPPLIED.

The VHEF components described in this velume
constitute only a part of Model AN/ARC-5 Aircralt
Radio Equipment. In order to form a working radio
system, 1t is necessary to provide certain basic com-
ponesits which are common to all frequencies (LF,
MF, HF and VHF). These common components,
including a modulator unit, racks, mountings, etc., are
described in Volume 1.

An antenna AT-8/AR, AN-104A, AN-104AX, or
the equivalent is also required.

d. OPERATING CHANNELS

The VH¥ equipment, both transmitting and re-
celving, is designed to operate on four pre-set frequency
channeis which are, {or convenience, designated “ A",
R, 40T, and DY, AH frequencies in the trans-
mitter and receiver are controlled by quartz crystals

which have relatively low frequency drift within the

temperature range which is encountered in service.

The transmitter can be set to operate on any desired
frequencies within the following limits:

Channel Frequency
A 100 to 124 me.
B 122 to 146 me.
C 122 to 146 mc.
D 132 to 156 mc.

The receiver can be set to operate on any desired
four channels between 100 and 156 megacycles,

e. REMOTE CONTROL

Both transmitting and receiving VHF equipment is
designed for remote control only. Channel selection,
the choice of automatic or manual volume control, the
control of signal volume in the headset cireuit, and
the connection to either of two headset circuits, are
all accomplished by the use of control units which,are
within convenient reach of the pilot. So, also, is the
sefection of tone, CW or volce transmission.

F ANTENNA REQUIREMENTS

The antenna and antenna relay used with the
LF-MF.-HF components cannot be used in the VHF
range. A separate VHF antenna is connected to the

Section |

Paragraph 1

VHE transmitter by means of a coaxial transmission
line which is made of Cable RG-8/1J {CASSF-50-1).
A similar line is used to carry the antenna circuit from
the transmitter to the VHF receiver. The antenna
switching relay for the VHF components is contained
within the transmitter.

Two types of quarter-wave base-fed antennas are
used with the VHF equipment. Rod-type Antenna
AT-8/AR has a base that is similar to the ZB and
ABK. antennas except that the socket is of Earger"
diameter. Mast-type Antennas AN-104A (Army)
and AN-104AX (Navy) are for dual-purpose use,
primarily as a VHF antenna, and secondarily as a
support for a fore-and-aft type antenna.

¢. PRIMARY POWER

Primary power is obtained from the aircraft 24-to-28
volt, d-c power supply. The current drain at 28 volts,
for the VHF equipment, under various operating
conditions, is as follows: '

Current Drain
2,0 amperes

Operating Condition
VHF Receiver anly

VHF Transmitter and Modulator
Standhy
Transmitting

2.7 amperes
9.5 amperes

VHF Receiver, Transmitter and Modulator
Standby
Transmitting
Channel Switching

4.7 amperes
11.5 amperes
6.9 amperes

k. OPERATING CONDITIONS

The VHF components of Model AN/ARC-5 Air-
craft Radic Equipment are, in general, designed to
perform satisfactorily at ambient temperatures from
—58F (—350C) to -+122F (+-50C); at any relative
humidity up to 90 per cent; and at any atmospheric
pressure from sea level to 35,000 feet. An exception
to these limits should be noted in the case of early
model VHF receivers., Receivers with selector O-101
have a low-temperature rating of —4F {—200C).
Receivers with selector O-101A havealow-temperature
rating of —22F (—30C),

1. NOTE ON FREQUENCY DESIGNATIONS

Throughout this handbook the terms low-frequency
(LF), medium-frequency (MF), etc., will be used in
conformity with the following standard designations
of frequencies:

Very Low Frequency (VLF) 10 to 30 kilocycles
Low Freguency (LI} 30 to 300 kilocycles
Medium Frequency (MF) 300 to 3,000 kilocycles
High Frequency {HF) 3to 30 megacycles
Very High Frequency (VHF) 30t9 300 megacycles
Ultra High Frequency {UHF) 300 to 3,600 megacycles
Super High Frequency {SHF) 3,000 to 30,000 megacycies
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2. VHF RECEIVER

a. GENERAL

The VHF receiver of Model AN/ARC-5 Aircraft
Radio Egquipment is designated Radio Receiver
R.28/ARC-5. A photograph of this receiver, together
withitsassociated dynamotor * DY-2/ARR-2,is shown
in Figure 3. Its association and interconnection with
other units are indicated in the cabling diagrams of
Figures 58 and 59 and in the system schematic draw-
ing of Figure 60.

The receiver is a ten-tube superheterodyne designed
to receive amplitude-modulated signals on any one of
four pre-selected crystai-controlled channels in the

SQUELCH
ADJUSTMENT

%

FREQUENCY DIAL——

ANTENNA JACK

ACCESS DOOR TQ
TUNING CONTROLS
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frequency band from 100 to 156 megacycles. No pro-
vision is made for tuning during flight to any channel
other than the four just mentioned.

Channe! selection is obtained by means of a motor

driven selector mechanism which is under the control |

of push buttons in a remote control unit. Both auto-
matic volume control (AVC) and manual volume con-

trol (MVC) are provided. Either may be used at the =

option of the pilot and In either instance, the signal
level in the headsets may be varied.

No beat-frequency oscillator is provided, since the
receiver is intended primarily for use in radio-telephone
reception. Consequently, it is not well adapted to the
reception of CW telegraph signals, As mentioned

LOUVRES

Figure 3—VHF Receiver
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later in this volume, however, such operation may be
used in an emergency.

A complete description of Radio Receiver R-28/
ARC-5 will be found in Section IV of this volume.

b, BRIEF CIRCUIT DESCRIPTION

A block diagram of the receiver circuit, indicating
the various stages, is shown in Figure 4. A simplified
schematic of the circuit is shown in Figures 61 and 62.
The two drawings are necessary because two some-
what different selector mechanisms have been used in
earlier and later production models of the recsiver,
(Thisis fully explained in later sections of this volume).

Complete schematic diagrams of the circuit ave
shown in Figures 63 and 64. A stage of tuned r-f
amplification (V-101) is followed by a mixer (some-

Section |
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3. VHF TRANSMITTER

a. GENERAL

The VHF transmitter of Model AN/ARC-5 Air-
craft Radio Equipment is designated Radio Trans-
mitter T-23/ARC-5. A photograph of the transmitter
is shown in Figure 5. The association with other
units is indicated in the cabling diagrams of Figures
38 and 59 and in the system schematic drawing of
Figure 60. A complete déscription of the VHF trans-
mitter will be found in Section IV of this volume.

The transmitter is capable of delivering approxi-
mately 6 to 10 watts of carrier-frequency power into
a 50-ohm antenna or transmission line sich as Cable

RG-8/U (CASSF-50-1). It is intended primarily-for

Vrgh vi0Z v-igs Vo4 L] V=06 VT
R AMP MIXER F{RST SECOND DET FIRST SEGONG
T ANE F AME 2FAMPE &F AMEB
1] i J -,j
Ve EED Y109 v-iga WIRE Vi35 V0§ T3 RADIO RECEIVER
FIRST ey CRYSTAL DAVE SGUELGH SOQUELCH AMP CONTAOL ELEMENTS
+ HAR-GEN l HARGEN 0sC RELT RECT

figure 4—-Block Diagram of VHF Receiver

times called first detector) (V-102). Two j-f amplifier
stages (V-103 and V-104) are followed by a dual
triode tube (V-103), which functions as a detector, an
AVC rectifier and a squelch rectifier. The succeeding
tube (V-106) serves as a squelch amplifier and as a
first stage of audio-frequency amplification. A second
stage of audio frequency amplification (V-107) fur-
nishes sufficient power output to operate several
headsets.

The radio-frequency oscillator (V-108) is of the
crystal-controlled type. Itis followed by two harmonic
generator stages {{frequency multipliers) (V-109) and
(V-110). The final frequency, as suppiied to the .
mixer, is 24 times the crystal frequency.

use in telephonic transmission, but may be used, in an
emergency, to transmit either CW or tone-modulated
MCW telegraph signals. All modulation, both tele-
phone and telegraph, is on the basis of amplitude
modulation.

The audio-frequency power for modulating the
transmitter is furnished by Modulator Unit MD-7/
ARC-5. The high-voltage d-c power is also furnished
by this unit. The modulator is described in Volume 1.

Any one of four pre-set crystal-controlled channels
can be selected by means of a motor-driven selector
mechanism; which is under control of push buttons in
the radio control unit. A coaxial type antenna switch-
ing relay is built into the transmitter. This serves to
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TUNING CONTROLS

LOUVRES

Figure 5~—VHF Transmitter

transfer the antenna circuit from the receiver to the
transmitter when a signal is to be transmitted.

b. BRIEF CIRCUIT DESCRIPTION

A schematic circuit diagram of the transmitter is
shown in Figure 65. A crystal-controlled harmonic
oscillator (V-301) excites the first harmonic generator
stage (V-302) at double the crystal frequency. In turn,
this later stage triples the frequency, and excites the
second harmonic generator (V-303)} at six times the
crystal frequency. The second harmonic generator,
which again triples the frequency, drives the output
stage (V-304) at eighteen times the crystal frequency.
The output tube is plate and screen modulated by
audio-frequency power obtained from the modulator
unit.

Four complete sets of r-{ tuned circuits are provided,
one set being tuned to each of the four pre-set fre-
quencies. They are mounted in rotatable turrets
(Z-301, Z-302 and Z-303), which are driven by the

channel selecting motor (B-301). When actuated by
the depression of one of the push buttons of the radic
controi unit, this motor rotates all tusrets to such a
position that the proper tuned circuits are connected.
At the same time, mechanism is provided to operate
one set of springs of switch 5-301, thereby connecting
the appropriate crystal into the circuit.

A complete description of the VHF transmitter is
given in Section IV of this volume.

4. VHF CONTROL UNITS
a. GENERAL
Three control units are supplied for use with the
VHFE components of Model AN/ARC-5 Aircraft Radio
Equipment. These are as follows:
Conirol Unit C-30/ A RC-5—providing {acilities for
the remote control of one VHF transmitter and two

MF-HF transmitters. It also furnishes the means for
controlling the channel selection of one VHF receiver.,
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Figure 6-—Control Unit C-30 ARC-5
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Conirol Unit C-427A RC-5—providing the controls
for one VHF receiver, except for channel selection.
Channel selection must be made by some other means,
such as Unit C-30 mentioned above.

Control Unit C-43/ARC-5—arranged to control
one VHFE receiver, except for channel selection, in
exactly the same manner as Unit C-42 just listed. In
addition, it provides complete controls for two
LF-MF-HF receivers.

Fach of these control units is described briefly in
the following paragraphs. A more complete descrip-
tion is contained in Section IV of this volume.

b, CONTROL UNIT C-30/ARC-3

The general arrangement of Control Unit (C-30
ARC-5 is shown in Figure 6. A schematic circuit
diagram is shown in Figure 7.

The depression of any one of the four push buttons,
A, B, C, D, energizes the heater circuits of all trans-
mitting equipment (including the MF.HF transmit-
ters, if these are supplied). [t aisc operates the channel-
selecting mechanism in the VHE transmitter and the
VIF yaceiver. The equipment is then ready for two-

RESTRICTED
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way communication on one of the VHE channels
(A, B, C or D, depending upon which button was
depressed).

The depression of push button 2 or 3 energizes the
heater circuits of all transmitting equipment. It also
selects one of the two MF-HF transmitters. The
equipment is thus prepared for transmission on one
of the channels to which the MF-HF transmitters
have previously been tuned,

The operation of button 2 or 3 does not affect the
condition of the VHF receiver; it remains on the
channel last selected by push button a, B, € or D.
The depression of the oFF push button de-snergizes
the heater circuits of all transmitters, but does not
change the condition of the VHF receiver; it remains
on the channel last selected {A, B, C or D). It will be
noted that, in these cases, although the VHF receiver
remains tuned to one of the {our channels, the pilot or
operator has no visible indication of which channel.

The TONE-CW-VOICE switch is used to control the
type or emission of the transmitter. Ordinarily, it is
left in the vOICE position when the VHF transmitter
is used.

NOTE:

THE NUMBERS ON THE CONTACTS OF SWITCH

5-401 REFER TO THE POSITION OF THE SWITCH
LEVER AT WHICH THESE CONTAGTS ARE CLOSED.
TONE 15 CONSIDERED AS POSITION i, CW AS
POS. 2, aND VOICE AS POS. 3,

440
{QUTSIDE VIEW)

J- 402
{OUTSIDE VIEW)

Figure 7—Control Unit C-30/ARC-5—Schematic Circuif
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Figure 8—Control Unit C-42/ARC-5
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Figure 9—Control Unit C-42 'ARC.5~Schematic Circuif

SPECIAL OPERATING NOTE

Wait 6 seconds after pressing push button
A, B, C or D before pressing 2, 3 or orFr.
If this is not done, the channel switching
motor in the VHE receiver may continue to
run. It can be stopped by pressing the A,
B, ¢ or b push button. The motor may
burn out if this instruction is not followed.
This information should be passed on lo all
pilots and operators,

¢. CONTROL UNIT C-42/ARC-5

Photographs of Control Unit C-42/ARC-5 are
shown in Figure 8 A schematic circuit diagram is
shown in Figure 9. Except for channel selection, this
unit controls one VHF receiver; the channel selection
ts made by Control Unit (C-30, as e\plamed in the
preceding paragraph.

The mvc-oFr-ave switch turns the VHEF receiver on
and off and also sets it for operation on the basis of
either automatic volume control or manual volume
control. Regardless of whether automatic or manual
control is used, the level of noise and signal in the
headsets can be regulated by operation of the INCREASE
OUTPUT knob.

The switch designated A-B serves to connect the
cutput of the VHF receiver to either of two headset
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R-4124, R-4128,
R-410 §-410 S-411 R-41l S-41Z 5-413 S-414 R-a12C §-a15

J-418 J- 437

3-416 5-415 S5-414  C-410 5-413 5-412 S-41 $~410

R-4l2B J-412 R-4i6 R-41]

Figure 10—Conirol Unit C-43 'ARC-5
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Figure 11-—Control Unit C-43 ARC.5—Schematic Circuif
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circuits. Access to these circuits is afforded by the
A TEL-B TEL jacks at the bottom of the control unit.
The jacks accommodate the plugs in which the head-
set cords terminate.

d. CONTROL UNIT C-43/ARC-5

Figure 10 shows photographs of Control Unit
C-43/ARC-5. A schematic circuit diagram is shown
in Figure 11. The right-hand section of this unit is
identical, in function and use, with Control Unit
C-42/ARC-5, just described. The center and left-hand
sections provide complete contrel, including tuning or

RESTRICTED
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channel selection, for two LF-MF-HF receivers. The
functions and operation are the same as those of
Control Unit C-26/ARC-5, which is described in
Volume 1 of this handbook.

5. TESTING EQUIPMENT FOR VHF

Information regarding the testing equipment used
i connection with the adjustment and maintenance
of the VHF components of Model AN/ARC-5, Air-
craft Radio Equipment will he found in Section V
{(Maintenance} of this volume.

6. VHF TUBE COMPLEMENT

The VHF components of Model AN/ARC-3 Aircraft Radio Equipment utiiize the following tubes:

Use

Oscillator (V-301). 1st Harmonic Generator {V-302),
2nd Harmonic Generator (V-303). Power Amplifier (V-304).

R-F Amplifier {V-101). Mixer (V-102). 1st Harmonic Gen-

erator {V-109}. 2nd Harmonic Generator (V-110).

Ist I-F Amplifier (V-103). 2nd I-F Amplifier (V-104).

Oscillator (V-108).

Detector, AVC Rectifier and Squelch Rectifier (V-105).

Ist A-F Amplifier and Squelch Amplifier (V-106).

Army JAN
Quantity Type Tvpe
Transmitter
2 VT.136 JAN-1625
2 VT-286 JAN-832A
Receiver
4 VT-269 JAN-717A
3 VT-288 JAN-12SH7
2 VT-289 JAN-12SL7GT
13 VT-134 JAN-12A6 or

JAN-12A6GT

2nd A-F Amplifier (V-107).
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ADAPTATION OF TEXT
FOR USE WITH
RADIO TRANSMITTER T-126/ARC-5

Throughout the following text the VHF transmitter referred to is RADIO TRANSMITTER
T-23/ARC-3. The descriptive material and the instructions for use of this transmitter apply
equally to RADIO TRANSMITTER T-126/ARC-5 in all respects except the two features
outlined below.

1. FREGUENCY RANGE

Carrier Freguency itn Megacyeles
Transmitter
Channel A Channel B Channel C Channel D
R.T. T-23 100-124 122-146 122-146 132-156
R.T. T-126 - 100-124 100124 100-124 122-146

4. COMPONENT PARTS

The tuning coil assemblies in turrets Z-301, 7Z-302, and 7-303 of Radio Transmitter
T--126/ARC-5 differ from those described in this text but all other component parts are identical.
The following tuning coil assemblies are used in Radio Transmitter T-126/ARC-5. (Refer to
Table of Replaceable Parts, page 96.) ‘

Cotl Assembly Used
Turret :
Channel A Channel B Channel C Channel D
Z-301 ES-693863 E5-693863 E5-693863 ES-693864
Z~302 ES-695797 ES-695797 ES-695797 125-605836
Z-303 ‘ ES-695798 ES-695798 ES-695798 ES-695838

Added T MAY 1945 RESTRICYED
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SECTION H—INSTALLATION AND ADJUSTMENT

1. INITIAL INSPECTION AND BENCH TEST

Check the supply of component units against the
list forwarded with the shipment, and the cabling
diagram for the particular type of aircraft furnished
by the Bureau of Aeronautics. {In the absence of
such a cabling diagram, Figures 58 and 59 may be
used. These, however, are merely illustrative of
possible combinations of eguipment, and do not
necessarily represent the actual installation involved.)

Examine each component to determine that no
obvious mechanical fault exists. This examination
should include, as a minimum, the following: inspec-
tion of the threads of receptacles and plugs, examina-
tion of pin plug assemblies for bent or otherwise
unserviceable units, checking of all fuses (both active
and spare), inspection of all vacuum tubes to see that
these are of the proper type and inserted securely in
their respective sockets, examination of transmitter
and receiver crystals for type, frequency and location
in proper sockets.

It is recommended that an electrical bench test of
each component be made before it is installed in an
aircraft. This can be made with Test Equipment
AN/GRM-1. (See Section V of this handbook.} Such
a pre-installation test will tend to insure the proper
operation of the equipment after it is installed. It will
also minimize the amount of work which will have to
be done in and about the aircraft.

It should be remembered that troubde shooting and
repair work on installed radio equipment is difficult
and should be avoided wherever possible. Where a~
considerable amount of installation work is to be done,
it is recommended that a permanent installation of
Test Equipment AN/GRM-1 be made availabie.
Such an installation is shown in Figure 66.

2. INSTALLATION

a. GENERAL

Installation of the VHF components should follow
the same general procedure as that recommended for
the LF-MF-HF components in Volume 1 of this
handbook. Installation dimensions and weights for
the VHF components are indicated in Figures 35, 36
and 57 of this volume.

Cabling diagrams for each type of aircraft will be
furnished by the Bureau of Aeronautics. If for any

reascn such a diagram is not available, those shown in
Figures 58 and 39 may be used as a general guide,
remembering that these are merely illustrative, and
do not necessarily represent any actual installation.

b SAFETY WIRING
Safety wiring should be applied to the following
parts of the VHF equipment:
The knurled nuts which secure the transmitters
and receivers to the mounting racks.

The end bells of the VHF receiver dynamotor.

The snapslides which secure the dynamotor of
the VHF receiver.

The snapsiides which secure the second har-
monic generator and power amplifier tube sockets
m the VHF transmitter.

The snapslides which secure the control units.

¢. VACUUM TUBES

Before the power is turned on in a new installation,
check carefully to see that ail tubes are securely in
place and in their proper sockets.

TUBLES SUPPLIED WITH THE EQUIPMENT
SHALL BE CONSUMED PRIOR TO THE
EMPLOYMENT OF TUBES FROM GENERAL
STOCK.

Tube complements for the VHF equipment are
given in Section I, Paragraph 6, of this volume.

Figure 12—Transmitfer Rack Selector Plafe
Wired for YHF Transmitter
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d. LOCATION OF TRANSMITTERS AND
RECEIVERS

The VHF transmitter and the VHF receiver should
be instalied in their respective racks in the positions
shown in the cabling diagram supplied by the Bureau
of Aeronautics. The selector plate of the stall which
holds the VHF transmitter must be wired with its
center terminal connected to terminal 1. This is
iNMustrated on the photograph in Figure 12, The
ME-HF transmitter positions should be strapped to
Terminals 2 and 3.

e. COAXIAL CABLIS

All antenna wiring for the VHE equipment should
he made with coaxial cable RG-8/0 (formerly coded
CASSF-50-1). The plug and right-angle adapter used
with this cable are shown on the photograph in
Figure 1. All coaxial cabling should be made as
short as possible, consistent with proper slack for
motion of equipment in the shock mountings, and for
removal of piugs and fittings. The coaxtal cable from
the VHF antenna should be connected to the right-
hand receptacle of Radio Transmitter T-23/ARC-5.
The coaxial cable from Radio Receiver R-28/ARC-5
should be connected (o the left-hand receptacle on the
transmitter. In the normal non-energized position of
the antenna relay within the radio transmitter, the
antenna circuit passes through the coaxial relay to
the receiver. These functions may be readily under-
stood by reference to Figure 60.

f. VHF TRANSMITTER CRYSTALS
Each Radio Transmitter T-23/ARC-5 requires
from one to four Crystal Units DC-30 (one for each
channe! which is to be used). The frequency of the
crystal is one-eighteenth of the carrier {requency:
Carrier Frequency
i3

Carrier Frequency =18 x Crystal Frequency

Crystal Frequency =

The location of the crystal corresponding to each
channel selector push button (A, B, C and D) 1s en-
graved on the proper socket.

g VI RECEIVER CRYSTALS

i2ach Radio Receiver R-28/ARC-3 requires from
one to four Crystal Units DC-31 {one for each channel
which is to be used). The frequency of the crystal is
one-twenty-fourth of the difference hetween the car-
rer frequency and the intermediate frequency (0.9
megacycles):
Carrier Frequency—6.9 mc

24
Carrier Frequency = {24 x Crystal Frequency) +
6.9 mc

Crystal Frequency =
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h. RECEPTACLE CAPS

All receptacles not in use in a given installation
should be capped. Each receiver rack is furnished
with one cap CW-2/ARC-5 (3319).  This is placed
over receptacle J-6 or J-7 in those installations where
one or the other of them is unused. An additional
cap of the same type is secured to the front of each
Radio Transmitter T-23/ARC-S by means of a short
length of chain. This cap is used to cover receptacle
J-307 at all times, except when the transmitter is
connected to Test Unit [-155-A. '

Beware of the high voltage that is exposed al the termai-
nals of the receptacle when this cap is removed.

i. PUSH BUTTONS OF C-306/ARC-5

If a Control Unit C-30/ARC-5 is installed in an air-
craft with only one or two radio transmitters, it is
recommended that the unused push buttons be
blocked in order to prevent their accidental opera-
tion by the pilot or operator. Likewise, if it is known
that one or more of the VHF channel selection push
buttons are not to be used, they should also be blocked.
This can be accomplished by drilling a small hole in
the shank close to the surface of the control unit and
then inserting a cotter pin through the shank.

1t will be found that, in some cases, the push button
knobs are secured to their shanks by means of small
internal springs. In order to prevent trouble due to
rusting and failure of these springs in service, It is
advisable to cement the knobs in place. This can be
done by the use of Glyptal cement.

j. VHF ANTENNA

There are certain precautions which should be
observed in connection with the installation of the .
VHF antenna. The mounting base dimensions for
Antenna AT-8/AR are identical with those of An-
tennas ZB and ABK: they may be installed in a
similar manner. The mast-type antenna reguires
particular attention to insure proper grounding. Itis
recommended that a grounding strip be connected to
the skin of the airplane at the point where the mast
passes through the skin, making sure that clean metal-
lic surfaces arve in electrical contact. The over-all
fength of the strip should not exceed 214 inches {make
it shorter if possible); it should be not less than 14
inch wide; and it should be made of the same material
as the skin of the airpiane. A minimum clearance of
3¢ inch should be maintained between the skin of the
airpiane and the metailic portion of a mast-type
antenna. In attaching a fore-and-aft antenna to the
top of a VHF mast, the wire to the insulator shouid
be as short as possible; the distance from the hole in
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the mast to the hole in the strain insulator should not
exceed two inches,  Paint, caulking materials and
compounds, and oils must be kept from the insulating
surfaces of bath types of antenna in order not to
impair their ethciency.

In general, the YHF antenna should be located
somewhere along the center line of the airplane. For
other than carrier-hased airplanes. it reconunended
that locations be tried on the hottom of the fuselage.
It should be noted that il a location is selected too far
forward or in the vicinity of the propellers, & phenome-
non known as propelles modutation may distort the
signal.  Another point to be kept in mind at these
frequenctes is the shadowing effect produced by wings,
fuselage and tail surfaces,

A final and pesitive check on antenna location can
be made by a flight test with the airplane and ground
station at least 30 miles apart {for a check of the hori-
zontal pattern. The airplane should be flown at vari-
ous attitudes and constant distance in order to deter-
mine the shadow effect of wings, fuselage and tail
surfaces.  An additional check should be made at
various altitudes directiv above the ground station in
order to observe the signal strength.

k. COAXIAL TRANSMISSION LINE

The connection between the VHE antenna and the
VHF transmitter and receiver is usually made with a
flexible coaxial transmission lne such as RG-8/U
(CASSF-50-1) or its equivalent. When space 12 avail-
able to obtain the necessary bending radii at the ends
of the transmission line, the line should be terminated
in Navy Type Plugs 40105 (see Figure 57). If space
is not available, and it is necessary to make sharp
turns, Navy Type Adapter 49192 or its equivalent
should be used (see Figure 57),

3. ADJUSTMENT
a. PRECAUTIONS

Precautions preparatory to turning on the power of
this equipment appear in the Safety Notice in the
front of this volume.

Before making the following adjustments read carefully
ihe paragraphs below and SECTION 111 (OPERA-
TION} so that the functions of the controls are well
understood.

Before Radio Receiver R-28/ARC-5 and Radio
Transmitter T-23/ARC-5 are tuned in an airplane,
the VHE antenna and the coaxial transmission line
should be in.place. The proper connections for each
type of aircraft are shown in the cabling diagram
furnished by the Bureau of Aeronautics.

Section ]
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b. TUNING PROCEDURE FOR
VHF RECEIVER

(1) General.

The following procedure assumes that the VHF
receiver is in good operating condition and has been
properly aligned. All that is required is to tune it to
four channels.

- (2) Apparaius Reguired.
One Crystal Unit DC-31 for each frequency to which
the receiver is to be tuned.
Scerewdriver.,
Tuning wrench for VHF receiver (one of these

wrenches is secured to the rear of the small door on
the front of each VHF receiver).

Buzzer-type' r-f noise generator as supplied with
Test Equipment [1-35-A.  (Not always required.)

(3) Preparation.

Disconnect the coaxial cable from the antenna jack
of the VHF receiver. Remove the receiver from its
rack. Remove the right hand cover and insert crystals
of the desired frequencies. Replace the cover and re-
store the receiver to the rack. Turn the Mvc-orr-ave
switch to the MvC position. Turn the volume control
to give maximum sensitivity. Allow 30 seconds for
the tubes to heat up.

{4) Tuning.

Operate the channel selector to A by depressing
push-button A. Open the door on the front of the
receiver and remove small tuning wrench clipped to
the inside of the door. (Additional wrenches of this
same type are furnished with Test Equipments
AN/GRM-1and 1E-35-A.) Insert the long end of the

‘wrench into the hole adjacent to the letter a. (See

Figure 13.} With the end of the wrench on the bottom
of the hole, a slight movement in a counter-clockwise
direction should cause it to engage in the hollow head
of the socket head cap screw which holds the selector
cam to the tuning shaft. Continue turning in a
counter-clockwise direction one full turn.

Do not remove the wrench from the locking screw uniil
the cam has been adjusted and locked.

Turn the manual tuning dial at the top of the
receiver to the approximate frequency of Channel A.
Then, while listening to the background noise in the
headset, rock the manual tuning dial until a maximuam
of background noise is heard. 1f necessary, reduce
the gain by turning the volume control. Lock the A
selector cam by turning the locking screw in a clock-
wise direction. Remove the wrench. Repeat this pro-
cedure for channels B, C, and D.
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CONTROLS
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Figure 13—VYHF Receiver Tuning Confrols
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Re-check the operation of the tuning control
mechanism on all four channels.

Under some circumstances it may be found that the

level of background noise in the headset is not suf-
ficiently high to provide a convenient tuning guide.
If this is the case, use the buzzer-type r-f noise gene-
rator. Place it near the antenna receptacle of the
receiver. If increased pick-up is required, insert a
piece of wire several inches long into the receptacle.
After the receiver has been tuned replace the antenna

connection.
NOTE

If the selector cam locking screws are not
sufficiently tightened, the drag of the pawl
may cause the cam to slip on the shaft. In
this event, the depression of a channel select-
ing push button (A, B, C, or D) causes the
tuning motor to run continuously. To cor-
rect this condition: turn the receiver OFF,
turn the manual tuning dial until the loose
locking screw is in line with the hole, depress
the push button for the channel under con-
sideration, turn the receiver ON to re-energize
the selector relay, insert the wrench, retune
the channel as described, and then tighten
the locking screw.

This trouble condition should not be confused
with another cause of motor “run away”
which sometimes results from improper
manipulation of the channel selection push
buttons. This latter condition arises as fol-
lows: push button a, B, ¢, or D is depressed,
and then, before channel selection is com-
pleted in the receiver, push button 2, 3, or
OFF 1s depressed. The molor continues lo run
until 1f burns out or uniil one of the buttons,
A, B, C, or D is re-operaled.

¢. TUNING PROCEDURE FOR
VHF TRANSMITTER

(1) General. .

The procedure given below covers a complete re-
tuning of a VHF transmitter installed in an airplane.
If the transmitter has already been tuned on the bench
te the four frequencies required, steps (3) to (11),
inclusive, can be omitted. In this case, it is necessary
merely to adjust the output circuit and antenna
coupling to the particular transmission line and air-
craft antenna.

MOTE

The tuning procedure given below includes
certain meter readings on Test Unit [-135-A.
These are based upon a battery voltage of
28 volts. If the battery is lower than this,

Section I
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lower meter readings may be expected: if the
battery is higher, higher meter readings may
be obtained.

(2) Apparatus Required.

One Crystal Unit DC-30 for each frequency to
which the transmitter is to be tuned.

Test Unit 1-155-A (Part of Test Equipmeﬁt
IE-35-A)

Transmitter Tuning Wrench {Part of Test Equip-
ment TE.35-A)

Antenna A-85-A (Part of Test Equipment IE-35-A)

Indicator I-106-A (Part of Test Equipment
IE-35-A)
Screwdriver

(3) Preparation.

Remove the radio transmitter from the rack. Re-
move the bottom cover plate and insert Crystal Units
I3C-30 in their proper sockets. Be sure that the fre-
quencies of the crystal units correspond to the channel
carrier frequencies as shown on the label on the inside
of the cover plate. Replace the bottom cover plate
and re-install the transmitter in the rack. If the trans-
mitter rack has space for more than one transmitter,
be sure that the VHF transmitter is installed in the
stall which is wired for position #1 (see Section II,
Paragraph 2d of this volume).

Re-attach the lower right-hand receptacle which
connects to the control unit.. Remove the cap marked
CAUTION HIGH VOLTAGE from the lower left-hand re-
ceptacle and attach the cord of Test Unit I-155-A,
Connect Antenna A-85-A in place of the coaxial trans-
mission line to the aircraft antenna. Set the ToNg-
CW-VOICE switch on the radio control unit to voick.
Operate the push button for Channel A on the radio
control unit and observe that A appears on the
CHANNEL INDICATOR in the front panel of the trans-
mitter. Repeat for channels B, C, and D to check
mechanical operation of the selector. Allow the trans-
mitter to warm up for 30 seconds before proceeding
further. Then operate the push bution on the micro-
phone or the test switch on the transmitter rack only
as long as required to make each measurement or
adjustment.

(4) Heater and Plate Voliages.

Turn the meter switch on Test Unit I-155-A to
position 6. The meter should read approximately 54
scale divisions, indicating 27 volts on the tube heaters
(corresponding to 28 volts at the battery). Turn the
switch to position 7. The meter deflection should be
between 53 and 35 scale divisions, indicating a plate
voltage of 530 to 530 volts.
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(5) Crystal Check

Turn the meter switch on Test Unit I-1535-A to posi-
tion 1. The meter now measures the grid current of
the oscillator tube. Observe that this is between 4 and
70 scale divisions (0.07 to 1.2 milliamperes) {for each of
the four channels. A reading cutside these limits indi-
cates froublie, probably a defective crystal.

(6) Oscillator Outpul Circuil.

Turn the meter switch to position 2. Insert the
tuning wrench in opening 2 on the right-hand side of
the transmitter and adjust the inductor (1.-302) in the
oscillator plate circuit until a maximum deflection of
the meter is obtained, Ordinarily, this should be be-
tween 25 and 90 scale divisions, indicating 1.5 to 5.4
milliamperes grid current in the first harmonic
generator tube.

(7) First Harmonic Generator Quipul Circuil.

Wirh the meter switch still in position 2, insert the
tuning wrench in opening s-1 on the right-hand side of
the transmitter and adjust the tuning (L-303) of the
first harmonic generator plate circuit. [t will be noted
that as this circuit is tuned, a major dip {usually 5 per
cent or more) will occur in the meter deflection.

Under some conditions one or more smaller dips may
also be observed., Adjust the tuning {o the bottom of
the major dip; that is, to a mirtmum meter deflection.
Fxtreme care should be exercised here to avoid tuning
to any secoadary or minor dip which may occur. . If
this is done, the transmitier will be tuned lo the wrong
harmonic of the crysial and will radicie on on wun-
anthorized frequency.

|
(8) Second I[Harmonic Generator Input Circuil.

Turn the meter switch to position 3 and adjust 1.-305
of the input circuit of the second harmonic generator
through opening w1 on the left-hand side of the trans-
mitter. Adjust for maximum meter deflection. Then,
with the meter switch still in position 3, go back to
opening 4-4 and make any necessary final readjust-
ment of L-303 to obtain a maximum meter reading.
This should be between 25 and 90, corresponding to
1.5 to 5.4 milljamperes grid current in the second har-
monic generator tube.

(9} Secand Harmonic Generator Ouiput Circuil.

Turn the meter switch to position 4. Insert the
tuning wrench in opening 4 and adjust inductor L-308
in the output circuit of the second harmonic generator
to get a maximum deflection of the meter. This should
he between 20 and 80, indicating a grid current in the
r-f amplifier of 1.2 to 4.8 milllamperes.
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(10Y R-F Amplifier Ouiput Circuil and Anlenna
Coupling.

Set the meter switch in position 5. The meter now
indicates the cathode current (total space current) of
the r-f amplifier tube. Insert the tuning wrench in the
opening marked ANT COUPLING in the front panel.
Turn this control to the limit of counter-clockwise
rotation to obtain minimum coupling. With the
wrench in the opening marked R AMP TUNING, ad-
just the r-f amplifier cutput circuit {L-311) until a
steady reading of the meter is cbtained over several
turns of the adjusting nut. Note this reading as
“detuned cathode current.” . It should be approxi-
mately 30 to 60 meter scale divisions (50 to 60 milli-
amperes}. Then readjust RF AMP TUNING for maxi-
mum dip (minimum current) as observed on the meter.
Next, increase the ANT courtING by turning clockwise
in small steps until the cathode current reaches about
90 per cent of the untuned cathode current observed
above. On each step, after changing the coupling, re-
adiust the RF AMP TUNING for maximum dip.

{11) Channels B, C, and D.

Repeat steps (6) to (10) inclusive, for channels B,
¢, and D. Al circuits of the transmitter are now
properly tuned and matched to *Antenna A-85-A.
However, they are not necessarily matched to the
transmission line and antenna of the aircraft.

(12) Amtenna Malching,

Remove the artificial antenna and teconnect the
transmission tine and aircraft antenna. Operate
channel selector push-button a and check that A
appears on the channel indicator on the front panel of
the radio transmitter. Set the meter switch of Test
Unit 1-155-A in position 5 {r-{ ampliﬁer space current).
Reduce the ANT COUPLING to minimum by turning
the control in a counter-clockwize direction. Adjust
the RF AMP TUNING for maxifium dip (minimum cur-
rent) as observed on the meter. Then increase the
ANT COUPLING by turning the control in a clockwise
direction in small steps until the cathode current
reaches approximately 90 per cent of the detuned
cathode current, as determined in {10) above. On
each step, after changing the coupling, readjust the
RY AMP TUNING for maximum dip.

NOTE

At some [requencies it may be found that
minimum antenna coupling will occur at
some setting other than full counter-clock-
wise rotation of the ANT COUPLING control,
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and the direction of rotation of the control
required to increase the antenna coupling
may be reversed. In any case, a setting
should be found which results in a cathode
current {with the Ry AMP TUNING adjusted for
maximum dip) equal to 90 per cent of the
detuned cathode current.

(13) Radwation Check.

With Indicator I-106-A on the ground, or the
wing of the aircraft about 10 or 20 feet from the an-
tenna, turn the tuning dial until a peak deflection of
the meter is obtained, while the transmitter is being
operated on Channel A, The dial setting of the indi-
cator should correspond to the frequency assigned for
Channel A, Repeat on Channels B, C, and D, Il a
large error in frequency is observed, it is probable that
inductor L.-303 in the plate circuit of the first harmonic
generator has been tuned to a minor dip rather than
to the major dip referred to in step (7). In this case
repeat step (7) and the subsequent tuning procedure.
Do not extend the antenna of the indicator any farther
than is necessary to obtain the required sensitivity of
measurement. {(therwise, the indicator is likely to be
damaged, as explained in Section V of this volume.)

Section [
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d. SQUELCH ADJUSTMENT OF VHF RE-
CEIVER '

The squelch adjustment of the VHF receiver shouid
Ire made with the equipment connected to the antenna
and with the main engines of the airplane opérating.
With the receiver in the MVC condition, turn the
INCREASE 0UTPUT knob until the background noise in
the headset is at a high level. Then, go to the AVC
condition and turn the squelch control on the front of
the receiver until the squelch just fails to trip or trips
onlv occasionally on spurts of noise.  Check the adjust-
ment on the three remaining channels and readjust as
necessary. Then turn the squelch control counterclock-
wise a very slight amount {not more than 5 degrees).

This adjustment must be made very carefully, since

an improperly adjusted squelch circuit can matenally
degrade the performance of the receiver. The output
of the LF-MF-HF receivers should be disconnected
from the TEL circuit while this adjustment is being
made.

In this connection it should be noted that an im-
properly shielded ignition system or poor bonding at
any point of the airplane may cause high background
naise. This high noise level requires that the squelch
be adjusted to a relatively insensitive condition, thus
reducing the over-all sensitivity of the receiver and the
operating range.
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SECTION [1-—OPERATION OF V:’HF EQUIPMENT

OPERATION OF THIS EQUIPMENT INVOLVES THE USE OF HIGH VOLTAGES WHICH ARE
DANGERGCUS TO LIFE. OPERATING PERSONNEL MUST AT ALL TIMES OBSERVE ALL
SAFETY REGULATIONS. SEE SAFETY NOTICE ON PAGE IX OF THIS BOOK.

NOTE

The method of operation which follows is
based upon an installation using Control
Units C-30/ARC-5 and either C-42/ARC-5
or C-43/ARC-5. Where other control units
are used, the method will differ in detail, but
the same general seguence of operations
should be followed.

1. GPERATION OF VHF RECEIVER

Depress push button A, B, ¢, or D depending

upon the channel desired. (These push buttons are.

tocated on Control Unit C-30/ARC-5--see Figure 6.
They control thé channel selection of both the VHF
receiver and the VHF transmitter. Receiver and
transmitter are always tuned to the same channel.)

Turn on the VHF receiver by operating the
MVC-OFF-AVC switch to either the AVG or the
MVC position. (This switch will be found on
either Control Unit C-42/ARC-5 or Control Unit
C-43/ARC-5-—see Figures 8§ and 10. Ordinarily,
AVC operation should be used. However, if the re-
ception of very faint siznals is required, or if it is
suspected that the receiver is not properly adjusted,
MVC should be used.)

Connect the output of the receiver to the
headset circuit which is in use. Do this by
turning the A-B switch on the control unit.

Turn the INCREASE OUTPUT knob until the de-

sired level of sound is heard in the headset. (This

knob is located on Control Unit C-42/ARC-5 or
C-43/ARC-5. If nosound is heard in the AVC condi-
tion, switch to MVC momentarily and twn the
INCREASE 0UTPUT knob all the way to the right))

2. OPERATION OF VHF TRANSMITTER

Turn on the transmitter and select the desired
channel by depressing push button A, B, G, or D.
(These push buttons are located on Control Unit
C-30/ARC-5—see Figure 6. They control channel
selection on both the VHF transmitter and the VHF
recelver. Transmitter and receiver are on the same
channel.)

Wait 30 seconds for the transmitter tubes to
heat up.

Turn the TONE-CW-VOICE switch to VOIGE. (This
switgh will be found on Contrel Unit C-30/ARC-5.
Normal operation of the VHF equipment is aiways on
vOICE. For use of TONE and cw see paragraph below,
dealing with “Emergency Operation.”)

Press the microphone switch, the throttle
switch, or the key. Speak clearly and distinctly
into the microphone. If a hand microphone is
used, it should be held very close to the mouth.
(If the equipment is operating properly, sidetone will
be heard in the headset.)

3. SWITCHING FROM ONE YHF CHANNEL TO
AMNOTHER VHF CHANNEL

Press the proper push butten (A, 8, C, or B)
on Control Unit G-30/ARC-5. (This causes both
the VHF transmitter and the VHF receiver to switch
to the new channel.)

4. SWITCHING FROM A VHF CHANNMNEL TO AN
LF-MF-HF CHANNEL

Press push button 2 or 3 on Control Unit
C-30/ARC-5, depending upon which of the
MF-HF transmitters is to be used. (Thisswitches
transmitters but leaves the VHF receiver tuned to the
channel last selected. Monitoring can be continued
on this channel.” No warm-up period for the MF-HF
transmitter is necessary, since all transmitter tubes
are kept hot when any transmitter is turned on.}

SPECIAL CPERATING NOTE

Wait 6 seconds alter pressing push button
A, B, C, or D before pressing 2, 3 or OFF.
If this is not done, the channel switching
motor in the VHF receiver may continue to
run. It can be stopped by pressing the a,
B, ¢, or » push butten. The motor may
burn out il this instruction is not followed.
This information should be passed on lo all
pilots and operators.
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5. SWITCHING FROM AN LF-MF-HF CHANNEL TO A
ViHE CHANNEL

Press push button 4, 8, G, or b, on Control Unit
C-36/ARC-5, depending upon which of the VIHF
channels is to be used. (This switches the VHEF
transmitter and receiver to the channel selected, but
leaves the LE-MF-HF receiver in operation; monitor-
ing can be continued on it No warm-up period for
the VHF transmitter is necessary, since ¢/l transmitter
tubes are kept hot during the time any transmitter is
turned on.)

6. TURNING OFF VHF TRANSMITIER

Press the OFF push button on Control Unit
C-30/ARC-5. {This turns off all transmitters, MF,
HE and VHF. Itdoesnot affect any of the receivers.)

7. TURNING OFF VHF RECEIVER

Turn the MVC-OFF-AVG switch on Control Unit
C-42/ARC-5 or C-43/ARC-5 to the OFF position.
(This turns off the VHF receiver but does not affect
the LI-MFE-HF receivers or any transmitter.)

8, OPERATING NOTES

a. OPERATING RANGE

The reliable operating range of the VHF com-
ponents of Model AN/ARC-5 Aireraft Radio Equip-
ment is limited to a distance slightly greater than the
optical {line-of-sight) path. Thus, if both transmit-
ting and receiving antennas are at zero or low alti-
tudes, no more than a few miles range can be counted
upon. When one or both antennas are elevated, and
the distance to the horizon increased, the range is
correspondingly greater. However, extreme range
must not be expected at very high altitudes. Fer
example, two aircraft flying at 20,000 feet are within
the “line-of-sight” path when nearly 400 miles apart,
yet it might be impossibie to communicate over the
VHE channels. At this distance, the received sig-
nals are of such low power that they may be lost or
“gwamped”’ in backgrousd noise. Intervening ob-
structions, such as hills or mountains, may greatly
reduce the operating range.

The ability to receive weak signals, and conse-
quently, the operating range, is very greatly influenced
by the electrical disturbances set up within the air-
craft.  Improper shielding of the ignition system,
generators, motors and other electrical apparatus will
reduce range. Inadequate or loose bonding of metal
parts will do the same.

Interference from natural electrical disturbances or
static is materially less in the VHF band than at
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lower frequencies. Except in the case of near-by
electrical storms, natural static has refatively little
effect.

b. INTERCEPTION RANGE

Although the range of reliable communication is
limited by the conditions pointed out above, signals
may sometimes be intercepted far beyond the optical
range. Under certain anomalous or “freak” condi-
tions, readable signals may be heard several hundred
miles beyond the horizon. Although these occasions
are relatively rare, they are unpredictable and may
occur at any time. Security requires that the possibil-
ity of interception by a distant enemy receiver always
be kept in mind.

.. AVC AND MVC OPERATION

As pointed out previously, the VHF receiver is
ordinarily used with AVC (automatic volume controi).
In this condition, the circuit automatically adjusts its
gain for varying signal strength; a substantially con-
stant output is obtained over a very wide range of in-
coming signal strength. At the same time, the squelch
circuit is effective. This circuit operates to silence the
receiver until a signal of predetermined level is re-
ceived, This level is determined by the squelch
adjustment, which can be made at the face of the
receiver, but #of at the control unit.

When properly adjusted, the squelch feature spares
the pilot the annoyance of a continual roar in the
headset due to background noise—in the absence of a
signal, he hears nothing, except for an accasional noise
peak which causes a momentary spurt in the headset.
If improperly adjusted, however, the squelch may fail
to trip on weak signals which might otherwise be read.
For this reason, if there is any doubt about the squelch
adjustment, or if it is important fo receive very faint
signals, the squelch should be turned off. Thisis done
by switching to MVC (manual volume control).

When MVC operation is used, the automatic gain
adjustment and squelch features men tioned above are
both disabled. Consequently, signal strength, as
heard in the headset, may vary over a considerable
range, and a more or less continuous noise background
will be heard. The noise, particularly, may become
annoying after an extended period. For this reason,
the MVC condition is ordinarily used only for short
intervals, and under the circumstances gutlined in the
preceding paragraph.

With either AVC or MVC operation, the pilot isable
to adjust the average signal or noise level to a desired
value by operation of the INCREASE OUTPUT knob on
the radio controf unit.

22 RESTRICTED



RESTRICTED Section Il
AN 08-10-195 ~ Paragraph 8

P e
P S A
- ol
g,’__‘*lf_'///’%
el
T
T . ;
e e
“ s
p

‘7
s

e
i
& /%

Y. § CARRIER

HERE'S WHAT USUALLY
HAPPENS

NO
SHADOW

U, 5. CARRIER

HERE'S WHAT
CAN HAPPEN

E
()

RESTRICTED



Section Hi

Paragraphs 8-9

d. TONE, CW, AND VOICE OPERATION

The VHF transmitter and receiver of Model
AN/ARC-5 Aircraft Radio Equipment are designed
for radio-telephone or “voice” communication. They
are not particularly weil suited for radio-telegraph
operation. However, they may be used for this pur-
pose in an emergency (see Paragraph 9 of this section},

To transmit CW or tone-modulated telegraph sig-
nals, it is necessary to turn the rotary switch on
Control Unit C-30/ARC-5 to the appropriate position.
Dots and dashes can then be sent by manipulation of
the key, throttle switch or microphone switch. Ope-
ration at speeds above 10 orf 1§ words per minute
should not be attempted, since the antenna transfer
relay in the VHF transmitter is not designed for
high-speed operation, and may fail to follow the
keying.

Telegraph keying should never be carried on with
the emission selection switch in the VOICE position.
Under this condition, the transmitting dynamotor is
started and stopped with each operation of the key.
The heavy starting current reduces the life of the
dynamotor and the dynamotor relay. In the cw and
TONE positions, the dynamotor is running contin-
uousiv.

The VHF receiver is well suited to the reception of
tone-modulated signals at any speed. However, since
no beat-frequency oscillator is included in the circuit,
it is not very satisfactory for use on CW signals. Under
some circumstances, such signals wifl be heard as a
series of clicks (sorewhat similar to those of a Morse
telegraph sounder, but much more difficult to read).
Under other conditions, they will appear as variations
in the background noise or “hash,” which can be read
at low speeds. When, in an emergency, it is necessary
to copy CW signals, the operator should try both the
AVC and the MVC conditions. Sometimes one, and
sometimes the other, will be better, depending upon
signal strength, noise level, interference, ete.

e. UNUSED PUSH BUTTONS ON C-30/ARC-5

Control Unit C-30/ARC-5 is arranged with push
buttons for the control of three transmitters (two
ME-HF and one VHF}, but is sometimes used in in-
stallations with only one or two transmitters. If, in
such a case, a push button for which there is no corre-
sponding transmitter is operated, sidetone will be
heard (indicating to the pilot that he is transmitting),
but no signal will go on the air. Likewise, the control
unit is arranged for operation of the VHF transmitter
on four channels. If fewer than four channels are
equipped with crystals, and a push button for one of
the unequipped channels is pressed, the same thing will

. open-circuited

By-pass capacitor
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happen. For this reason, it is advisable to block all
unused push buttons to prevent their accidental opera-
tion. This can be done in the manner explained in
Section I of this volume.

9. EMERGENCY OPERATION

The following suggestions should be considered for
use solely under emergency conditions in which com-
munication of some sort must be established in order
to complete a'mission. Designated units of the equip-
ment are assumed to be defective or destroved with no
spares available. Most of the following emergency
operations require access to the major units, and in
some cases to the inside of major units, and are there-
fore not always practicable in flight.

VHF RECEIVING EQUIPMENT

Condition Emergency Rewedy

Failure of V-107
(21}6 AF amp. tube)

Replace with corresponding  tube
(12A6) from least necessary LF-MF-HF
receiver.

Biown fuse There is one spare fuse under each fuse

cover on the receiver rack.

Circuit breaker open Re-set the circuit breaker in Junction

‘Box J-17/ARG-S.

One or more conductors
in a cable destroyed

In the worst case, in which the cable is
completely severed, cut back the cuter
lacquer covering, braided shield and
rubber covering on both ends by at
least five inches (assuming there is
sufficient slack). Splice like-colored
wires and cover with rubber or friction
tape, dry paper, or dry cloth,

Receiving dynamotor
failure

Replace dynamotor with one from the
least necessary receiver,

|
Connect a wire across its terminals and -
try to receive through the residual hum.

A-F choke

Disconnect and try to receive without
the capacitor. In some cases this will
be possibie.

short-circuited

To conserve the battery, turn off non-
essential receivers, i Individual switches
are provided (as on Contrel Units
C-42/ARC-5 and C-43/ARC-5). Other-
wise, remove non-essential receivers
from the rack. '

Generator failure or
Jow battery

Other station unable to’
use voice transmission

To receive tone-modulated telegraph
signals, operate the VHF receiver in the
usual way. To receive CW rtelegraph.
signals, try both AVC and MVC recep~
tiern, Under some conditions, readable
signals will be heard.
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Condition

Modulator unit failure

Biown fuse

Circuit brealker open
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VHF TRANSMITTING EQUIPMENT

Emergency Remedy

The VHF transmitter may be used to
transmit tone telegraph signals under
some conditions of trouble in the mod-
ulator unit. Under other trouble con-
ditions, it may send CW telegraph sig-
nais. In any case, keying speed should
belimited to 10 or 15 words per minute.
Operate key on C-30/ARC-5 to TONE
or Cw.

There are two spare 20 ampere fuses on
the right side of the modulator facing
the receptacles. There are twao fusible
resistors (R-324 and R-326) in the
VHF transmitter. If one or both of
them blow, try to locate and remove
cause; then replace. If no spare,
short-circuit the blown resistor. These
resistors are located near the receptacle
on the rear of the transmitter. They
are accessible when the hottom cover-
plate is removed.

Re-set the circuit breaker in Junction
Box J-17/ARC-5.

Condition

£
One or more conductors
in a cable destroyed

By-pass capacitor
short-circuited

Generator failure of
fow battery
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Emergency Remedy

In the worst case, in which the cable is
completely severed, cut back the outer
lacquer covering, braided shield and
rubber covering on both ends by at
least five inches (assuming there is
sufficient slack). Splice like-colored
wires and cover with rubber or friction
tape, dry paper, or dry cloth.

Disconnect and try to operate without
it. In many cases this wili be possibice.

To conserve batiery, operate OFF
button on C-36/ARC-5 when trans-
mitter is not in use (it will require 20 to
30 seconds to warm up tubes when
transmitter is needed). If one or more
transmitters are non-essential, remove
from rack. In an extreme case, it is
possible to remove the tubes from the
modulator {DANGER! HIGH VOLT-
AGE) and operate the VHF trans-
mitter on CW telegraph at low speed,
Keep switch on C-30/ARC-5 in voice
position when not trafismitting in order
to stop dynamoter,
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Figure T4—Selector O-101 {or O-1014}
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SECTION IV—MECHANICAL AND ELECTRICAL CHARACTERISTICS

1. INTRODUCTION

The mechanical and electrical characteristics of the
VHF components of Model AN/ARC-3 Aircraft Radio
Equipment are described in this section. Correspond-
~ing information on the LEF-MF-HF components wili be
found in Volume 1.

2. RADIO RECEIVER R-28B/ARC.5

Photographs............. Figs. 2, 3, 13, 14, 17, 19-23,
50 and §1

Schematic Cireuits....... .. Figs. 4, 15, 16, 18, 24-31,
61, 62, 63 and 64

Wiring Diagrams...... ... Figs, 68-73

Bimensions and Weights, . . Fig. 35

a. GENERAL MECHANICAL ARRANGE-
MENT

Radio Receiver R-28/ARC-5 is designed to mount
in the space provided on the mounting racks described
in Volume 1, Removable covers, one of which is pro-
vided with louvres, afford protection against mechan-
ical injury and at the same time provide for adequate
ventilation. The general structural arrangement of
the receiver is apparent from the photographs of
Figures 2, 3 and 13. Over-all dimensions and weights
are given in Figure 35,

The receiver is funed to any one of four pre-set fre-
quency channels by the operation of a motor-driven
selector mechanism. This, in turn, is controlled by
push-hutton type switches in a control unit {Control
Unit C-30/ARC-5). The selector, in carrying out its
functions, performs two operations:

1t rotates the main tuning capacitor of the
receiver to the proper position. '

2—TIt connects the proper one of four oscillator
crystals into the circuit.

Two different types of selector have been used in
Radio Receiver R-28/ARC-5. The earlier type, which
in this handbook is designated selector O-101 (or
O-101A), was used in the first 3,480 receivers. The later
type, referred to as selector (0-102, has been used in all
subsequent production. Although they are different
in mechanical design and construction, both types of
selector attain the same result; namely, rotation of the
tuning capacitor shaft and connection of the proper
crystal. Each of the two types is described separately
in the following paragraphs.
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 the connection of the proper crystal to the oscillat

NOTE

The designations “0-161,” *“0-101A" and
“(3-102,” as used herein, are merely for con-
venience in description and discussion. They
do not constitute code or stock numbers, and
should not be so used. Ordering information
is contained in“ Table of Replaceable Parts,”
Section VL. '

b CHANNEL SELECTOR 0-101 (AND O-101A)

The first 400 Receivers R-28/ARC-5 (serial num-
bers 1 to 400) were manufactured with selector O-101,
The next 3,080 receivers {numbers 401 to 3480) were
equipped with a slightly modified form of this selector
which is designated O-101A. The general arrangement
of these eariier selectors is shown in Figure 14, The
functioning of the mechanism is shown schematically
m Figures 15 and 16.- '

Referring to Figure 13, it will be seen that there are
four tuning cams, one associated with each of the
channels A, B, C, D. Each cam is adjustable, in
respect of its angular position on the cam shaft, from
the front of the receiver. Also, each of the cams is
assoclated with an extension of the armature of the
corresponding relay (K-105, K-106, K-107 or K-108). - -
When the relay is energized by the operation of th
corresponding push button of the remote control unit.:
{(Control Unit C-30/ARC-3), its armature moveg;s
until it is in contact with the associated cam. The
motion is sufficient to release the mechanical latch o
any relay previously operated. The battery supply
circuit to the motor (B-101) is thereby closed and the,.
motor is started. The motor shaft is connected to the
selector cam shaft through two worm reduction gears
such that the shaft revolves at approximately 30 rpm. .
Rotation continues until the armature of the energized
refay is in line with the notch of its associated cam.
1t then drops into the notch, stopping the cam shaf
and opening the circuit to the motor. The overload
release clutch shown in the shaft between the moto#
and the cams permits the motor to coast to a sto;f
after the cam shaft has been locked. At the same tia
the circuit to one of the four crystal-connecting relay
is closed, thus causing the operation of the relay and

circuit. Also, the circuit to the channel selecting rela
itself is opened. It does not restore to its normal’:
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position, however, since the armature is engaged and
held in position by a mechanical latch.

It will be seen that, as a result of the above sequence
of operations, the cam shaft of the selector unit is
mechanically locked in a position which was pre-
determined: by the setting of the tuning cam. Since
the shaft is connected to the tuning capacitor shafts
of the receiver through a I-to-1 ratio train of anti-
backlash gears, the tuning capacitors are also locked
in a pre-determined position. As previously men-
tioned, the appropriate crystal is also connected to the
oscillator circuit. The receiver is thus tuned to the
required frequency. The frequency {in megacycles)is
indicated, approximately, by the dial at the front of
the tuning unit.

With the O-101 selector, as shown, a difficulty is
sometimes encountered in operation at low tempera-
tures. The construction of the overload release clutch
is such that in certain positions its cam and roller
impose a comparatively heavy load on the motor.
When a new selection is to be made, the motor may
then have insufficient starting torque to overcome the
load. 1In order to overcome this difficulty, a modified
selector, designated O-101A, was used in later pro-
duction. In this unit, which is shown schematically
in Figure 10, switch S-101 and its associated cam were
added. This closes the motor circuit, regardless of the
position of the other elements of the selector, as long
as the clutch is in the high-torque position. This
insures that the motor will start on the next selection.
The modified selector also includes a brake to reduce
the coasting of the motor after its circuit has been
opened.

¢. CHANNEL SELECTOR O-102

All Radio Receivers R-28/ARC-5, after the first
3,480, were manufactured with selector (3-102. The
improvement in operation which was thereby obtained
may be summarized as follows: With the older selectors
it is possible to obtain a‘‘ runaway’’ condition, in which
the selector motor continues to operate indefinitely
after the control unit push buttons have been operated
in a certain sequence. For example, if the pilot oper-
ates the 4, B, ¢ or p channel button, and then, within
less than six seconds, operates button 2, 3 or orF, the
VHF selection may not be completed and the motor
may continue to operate until power is removed, until
the motor burns out, or until button A, B, C or D is
re-operated. This is the reason for the caution re-
garding rapid succession in push button operation
which appears elsewhere in this text. With the new
selector, 0-102, this possibility is removed.

The general arrangement of the 0-102 selector is
shown in the photographs of Figure 17. lts operation
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may best be understood by reference to the functional
schematic diagram of Figure 18 The drawing shows
the seiector in the position corresponding to channel A.

Assume that the push button for some other chan-
nel, for example C, is depressed at the control unit.
Ground from the control unit reaches relay K-250
through the channel control lead and the closed sector
of switch 5.251; the relay operates. The relay, in
operating, connects battery and ground to the motor
brushes in the proper polarity to cause counter-
clockwise rotation. The four pawl selecting cams,
and switches S$-251, 5-252 and 5-253, are driven
through the worm reduction gearing and the over-
running {(one-way) clutch, G-251, After the cam shaft
has rotated through part of a revolution, the pawl-
selecting cam for channel A is disengaged from its
corresponding tusning pawl. Al pawls are then in
their normal or unoperated position. Switch 5-250
then restores to normal under control of its retractile
spring.

A short time later, pawi-selecting cam C allows its
pawt to drop until it is in contact with its tuning cam.
The pawl then rides upon the face of the tuning cam,
ready to drop inte its slot. The circuit between
ground at the control unit and relay K-250 is now
opened at switch S5-251; the relay releases, reversing
the connections to the brushes of the motor. The
motor reverses, and starts to turn in a clockwise
direction. The tuning cams rotate (they did not
rotate during the previous counter-clockwise opera-
tion of the motor, due to the one-way action of clutch
(-250). The pawl-selecting shaft and cams stop, due
to the one-way action of clutch 0-251, which permits
rotation only during the eounter-clockwise operation
of the motor. When tuning cam C has rotated to the
position where its slot is in line with the pawl, the
pawl drops into the slot, locking the tuning shaft and
the tuning capacitors in the pre-determined position.
The motor and main drive shaft can coast to a stop,
due to the overload release feature of clutch (-250.
At the same time that pawl D operates to lock the
tuning shaft, it causes switch S-250 to operate. This
opens the battery supply circuit to the motor and
short circuits the brushes, thus providing a dynamic
braking action.

Switch $-252 is sometimes called a “safety switch.”
if for any reason a pawl fails to drop into its slot,
5-252 opens the battery supply circuit to the motor
brushes. This prevents continued rotation of the
motor. Switch S-253 closes a circuit from battery to
one of the four crystal setecting relays, depending upon
which channel is selected. The relay, as explained
fater in this volume, connects the proper crystal to
the oscillator circuit of the receiver,
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d. ELECTRICAL CHARACTERISTICS

(1) General

Radio Receiver R-28/ARC-5 uses a ten-tube super-
heterodyne circuit to receive amplitude modulated
signals in the 100-to-156 megacycle [requency band.
The radio-frequency oscillator is controtled by any
one of four quartz crystals. The selection of the
crystal, as well as the tuning of the radio-frequency
circuits, is under control of push button type switches
in a remote control unit (Control Unit C-30/ARC-3).
Both automatic volume controf and manual volume
control are provided, either being effective at the
option of the pilot or operator. No beat-frequency
oscillator is provided, since the receiver is intended
primarily for use in radio-televhone reception,

It shou'd be pointed out that this receiver is inter-
changeable with Radio Receiver BC.942-A, which
forms part of Radio Set SCR-274.N (U. 5. Army
Signal Corps designations). The only difference 15 111
output impedance; Receiver R-28/ARC-5 has an out-
put impedance of 300 ohms to match low-impedance
headsets, while Receiver BC-942-A is wired for an
impedance of 4,000 ohms to match high-impedance
headsets. The change from one impedance to the
other can be readily made by changing the wiring to
the secondary of the output transformer.

A black diagram of the receiver is shown in Figure 4.
A stage of tuned radio-frequency amplification {V-101)
is followed by a mixer (sometimes called a first detec-
tor), (V-102). Two I-F amplifier stages (V-103 and
V-104) are followed by a dual triode tube (V-105),
which functions as a detector, an AVC rectificr and
a squelch rectifier. The succeeding tube (V-106)
serves as a squelch amplifier and as a first stage of
audio-frequency amplification. A second stage of
audio frequency amplification (V-107} furnishes suffi-
cient output power to operate several headsets.

The radio-frequency oscillator (V-108) is of the
crystal-contralled type. It is followed by two stages
of harmonic generators (frequency multipliers) {(V-109
and V-110). The final frequency, as supplied to the
mixer, is 24 times the crystal frequency.

The circuit of the receiver is shown, in simplified
form, in Figures 61 and 62, The complete schematic
circuit ie shown in Figures 63 and 64. Two sets of

circuit drawings are required by the fact that, as

explained above in Paragraph IV-2-a, two different
types of tuning selector mechanism have been used in
the receiver. However, the construction and eperation
of the r-f, i-f and a-f circuits are identical in both cases.
In the succeeding paragraphs of this section, the
explanation of circuit operation will be based upon
the simplified schematic which shows the new (0-102)

Coantenna.
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selector. This is shown in Figure 62. In addition,
reference will be made to the small schematic draw-
ings which show separate portions of the circuit
(Figures 24, 25, 26, 27, 28, 29, 30, and 31).

(2) R-F Amplifier (V-101)

Referring to Figures 24 and 62, it will be seen that
the tuned input circuit of the r-f amplifier comprises
tuning capacitor C-105A and unit Z-101. The latter
contains inductor L-101, the dotted inductor (ex-
plained later), blocking capacitor C-102, trimming
capacitor (C-103, padding capacitor C-104 and de-
coupling resistor . From an r-f point of view, the
two inductors are in series between grid and ground.
Capacitor C-102, offering negligible impedance to the
r-{ currents, prevents d-c voltage introduced into the
grid circuit from being short-circuited to ground,
Capacitor C-105A, which is mechanically ganged to
the eight other tuning capacitors, is connected between
grid and ground and thus shunts the series inductors.
Therefore, as indicated in Figure 24, the input reson-
ant circuit includes the series inductors and the tuning
capacitor. The junction of the inductors represents
a tap on the inductive branch of the circuit.

" L Ao
L101 ﬁ'uos TCio4 “TCI0sA
g«é’i'un
.
Figure 24—R-F Amplifier Input—Equivaient Circuit

inductor in Figure 24 is approximately }{ inch of a
stud in Z-101. At the frequencies involved, the induc-
tance of this stud represents a satisfactory coupling
impedance for the coaxial transmission line from the
De-coupling resistor D and rf by-pass
capacitor C-102 prevent interstage coupling through
the AVC lead. Trimming capacitor C-103 is provided
to facilitate the accurate alignment of the ganged
resonant-circuits.

As the d-c grid return for V-101 is made to the AVC
lead, this stage is subject to automatic velume control
action. Moreover, it will be observed that the d-c
return for the cathode is made through cathode bias
resistor K to the MVC lead, placing this stage under
the control of the manual volume control as well.
(The relation between the automatic and the manual
volume control actions will be described later.) The
r-f ground return from the cathode is obtained through
two by-pass capacitors B, B, connected to different
pins on the tube socket. Resistor R-104 in the plate
circuit prevents parasitic oscillations.

The amptified r-f impulses in the plate circuit are
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appliéd to the tuned circuit consisting of variable
capacitor C-105B and unit Z-102. This latter unit is
similar in action to Z-101. - In Z-102, the capacitive
reactance of C-112 is negligibly small. The inductive
reactance of the leads of this capacitor at the [re-
quencies involved, however, is not negligible. As a
result, from an r-f point of view, this circuit element
presents an impedance which is inductive in nature.
[t therefore appears as an inductor in Figure 25. As
in the case of Z-101, the net result may be considered
the equivalent ofwg;,...«napbed inductor. The voltage
developed aﬂc.ms‘é"‘the impedance of C-112 is coupled
to the grid circuit of the succeeding stage through
C-113 and L-104, The capacitive reactance of C-113
is small in comparison with the inductive reactance of
[.-104. Since the tuned input circuit of the succeeding
stage is similar to the output circuit of the r-f ampli-
fier, the equivalent coupled circuits may be considered
to resembie those shown in Figure 25. The plate
voltage, fed to this stage through de-coupling resistor
1D, is prevented from appearing on the grid of the
succeeding stage by blocking capacitor C-113. Capaci-
tor C-112 prevents the d-c high voltage from being
short-circuited.

L

I S ¥ 1l L
FclossT cllo A cul gLioz Lio3 Tcns Jeus JCiosc

= Cilg €3 Lioqg Clid =

Figure 25—R-F Amplifier Output—Equivalent Circuit

{3} Mixer {V-102}

The voltage impressed on the grid of the mixer is
composed not only of the signal impulses, coupled
from Z-102 as previously described, but also of the
output from a local source of high-frequency. It
should be observed that, since the grid circuit is
returned directly to ground through R-107 and R-108
in series, the mixer is not subject to AVC action.
Test-point D is provided for maintenance purposes.
The cathode is returned to ground through .cathode
bias resistor K. The functions of the remaining
resisiors and capacitors are similar to those of the
corresponding elements in the r-f amplifier circuit.

The interaction of the signal voltage in the 100 to
156-megacycle range with the r-f voltage from the
local source in the grid circuit of the mixer produces
the usual resultants in the plate circuit. The tuned
primary of the intermediate frequency transformer,
Z-104, selects the desired intermediate frequency of
6.9 mc {the difference between the signal and the local
source}. As in the case of all resonant circuits in the
i-f section, the primary of Z2-104 is tuned by varying
the inductance. This is accomplished by moving a
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powdered iron core axially within the form on which
I.-105 is wound. Fixed capacitor C-122 provides the
bulk of the capacitance required in the resonant cir-
cuit. Although only one capacitor is indicated across
each of the i-f resonant circuits in Figure 62, two capa-
citors possessing negative temperature co-efficients
are used in each case. Coupling between the primary
and secondary circuits is accomplished by transformer
action between the primary and secondary windings.

(4) First I-F Amplifier (V-103)

The voltage developed across coil L-106 and capaci-
tor C-125 (tuned to 6.9 megacycles) is applied to the
grid of the first i-f amplifier tube V-103., The output
voltage of this stage appears across the primary of
Z-105, which is similar to that of Z-104. Three features
of this amplifier should be observed. In the first
place, the grid circuit is returned to the AVC lead.
Secondiy, the cathode return is completed through the
cathode resistor to the MVC lead. Thirdly, a voltage
divider composed of R-112 and R-113 is present in
the grid-cathode circuit. These resistors are in series
across the AVC and MVC leads. Their junction is
connected to the grid of V-103 through the secondary
circuit of Z-104. In this way, both the automatic and
manual volume :control voltages applied to this tube
are reduced. This reduction in the control voltages is
necessitated by the fact that the tube employed for
V-103 (Tube VT-288, JAN-125H7) has a sharper
cut-off characteristic than that employed for V-101
{Tube VT-269, JAN-717A)., The wvoltage divider
therefore insures satisfactory volume control action in
both stages from the voltage supplied by common
control leads.

(5) Second I-F Amplifier {V-104)

Except for the fact that neither automatic nor
manual volume control voltage is applied to it, the
second i-f stage resembles the first stage. The cathode
of V-104 returns to ground through R-124 and R-125
in series, The junction of these resistors is connected
to the grid circuit through R-122 and the secondary
of Z-105, while the cathode is connected to the other
end of R-124, Therefore, bias applied to this tube
consists of the voltage drop across R-124 (approxi-
mately 2 volts). The total potential drop developed
across the two resistors in series (37 volts) is applied
to the squelch circuit and will be considered in more
detail later in this section.

(6) Detector {V-105)

‘ As indicated in Figures 26 and 62, one triode section
{terminals 4, 5 and 6) of tube V-105 is used as a diode
detector. The grid and cathode constitute the two
active elements of the diode. The plate plays no part
in the detector action; it is connected to the cathode
merely to minimize the input capacitance of the tube.
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Figure 26— Detector—Partial Schemafic Circuit

As a result of the rectifying action of the diode and
the drop across load resistors R-130 and R-131, the
potential across capacitor C-147 varies at an audio-
frequency rate corresponding to the modulation of the
incoming signal. This a-[ potential is applied via
("-149 and R-136 to the grid of the frst a-f triode
(terminal 1 of V-106). Capacitor C-155, connected
across a portion of the grid return of the first a-f
amplifier, reduces the response to unwanted higher
audio frequencies. Capacitor C-153A serves as an
a-{ grid return.

The capacitance of C-144 (100 mmf.) is small in
comparison with the capacitance of C-150 (6,000
mmf.}. Consequently, when the diode conducts on
the positive half-cycle (i.e., when the upper end of
coil L-110 is positive), capacitor C-144 is charged to a

voltage nearly equal to the peak value appearing

RFA
VIGH

Lisl s

across L-110. The time constant of the network
consisting of C-144, C-147, C-150, R-128, R-130 and
R-131 is large in comparison with the period of an i-f
cycle. Therefore, the d-c voltage across C-144 does
not decrease substantially during the succeeding
negative half-cycle. The significance of this fact will
be pointed cut in subsequent paragraphs of this
section.
(7Y AVC Circuit {V-105)

The delayed automatic volume control circuit, with
its associated circuits, is shown schematically in Figure
27. Its operation is illustrated by the partial schematic
of Figure 28. Both the detector, which utilizes one
triode section of V-105, and the AVC rectifier, which
uses part of the other section of the same tube, operate
as diodes. For this reason they are shown as diodes
in Figure 28, which disregards the inactive elements.
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Figure 27—AVC ond MYC—Partial Schematic Gircuit
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It will be observed that the cathode of the AVC
rectifier and the effective plate (actually the grid) of
the detector are connected together, and that the
plate of the former is connected through C-151 to the
cathode of the latter. In other words, the two diodes
are connected back-to-back from an i-f viewpoint. As
a result, when an i-f voltage is impressed across these
two tubes they conduct on opposite haif-cycles. For
example, when the upper end of L-110 is positive,
current will flow through the detector diode. When
the upper end is negative, current will flow through
the AVC diode.
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RECTIFIER
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Figure 28—AVC Rectifier—Partial Schematic Circuit

As previously mentioned, C-144 is charged nearly to
the peak value of voltage appearing across L-110 dur-
ing the positive half-cycle by detector action. Observe
that the upper plate of C-144 is negative with respect
to ground under this condition. As'a result, during the
negative half-cycle (when the upper end of L-110 is
negative) the voltage across C-144 and that across
L-110 are in series aiding, and the total peak voltage
available is approximately doubled. The electron low
from rectification is downward through R-138, through
the element indicated as battery K, resistors R-131,
R-130, R-128&, and through L-110 back to the'cathode
of the AVC rectifier.

In the actual receiver circuit, battery E is replaced
by a voitage derived {rom the voltage divider, con-
sisting of resistors R-137 and R-134 (see Figure 27).
It will be seen that the negative end of this battery is
toward the AVC rectifier plate and the positive end is
toward the cathode. In the absence of a signal, the
cathode is, therefore, positive with respect to the
plate. Since a rectifier will conduct only when its
cathode is negative with respect to the plate, no space
current flows unless the signal peak voitage is greater
than this initial bias. The AVC action therelore is of
the “delayed” variety; i.e., no control takes place un-
less the level of the incoming signal exceeds a certain
pre-determined value. It will be noticed that the
action of the detector diode is independent of this
delay bias.

When the AVC rectifier conducts, electrons flow

downward through load resistor R-138. The upper
end of this resistor is therefore negative with respect to
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ground. The negative voltage developed across R-138
is applied to the grid of the first i-f amplifier through
the low-pass filter consisting of R-123 and C-131B.
The control voltage to the r-f amplifier grid is filtered
further by R-120 and C-131A. The time constant of
the filter must be sufficiently large to remove not only
the r-f, but also the a-f, or modulation, ripple if satis-
factory results are to be obtained. The AVC voltage
thus acts to maintain the mean signal {carrier) level
constant by varying the sensitivity of the receiver,

Load resistor R-138 offers approximately 75 per cent
of the total resistance in the d-c path for the AVC
rectifier. As a result, the peak d-¢ voltage developed
across this load is approximately equal to 75 per cent
of the total peak voltage effective around the circuit.
This latter voltage is approximately equal to twice the
peak voltage developed across L-110 (owing to. the
action of C-144 previously discussed) less the delay
bias. Capacitors C-131A 'and C-131B in the R-C
filter charge to the resultant mean peak voltage and,
owing to the time constant of this circuit, maintain
this charge over a number of r-f eycles. Therefore the
AVC voltage is approximately equal to 75 per cent of
the difference between fwice the mean peak signal
voltage across L-110, and the delay bias, The effec-
tiveness of the AVC circiit is thus enhanced.

As explained previously, the delay bias for the AVC
is derived from voltage divider R-137, R-134. Con-
sequently, the amount of delay is determined by the
voltage drop across R-134. When the Ave-Mve
switch in the control unit is in the MVC position, this
voltage is approximately 50 volts. When the switch
is in the ave position, however, R-134 is shunted by
the combination of R-133 and R-250 in series. Under
this condition, the voltage applied as a delay bias can
be varied between approximately 10 and 50 volts by
adjustment of R-250.

When properly made, the AVC action can be
depended upon to control the output level of the re-
ceiver over a wide range of received signal strength.
When the switch in the control unit is turned to the
MVC position, the constant delay bias of 50 volts
serves to prevent overloading on stronger signals.
Manual volume control is depended upon to adjust
the receiver to accommodate different signal strengths.

As previously mentioned, resistors R-112 and R-113
in the grid circuit of the first i-f amplifier constitute a
voltage divider to reduce the control voltage applied
to this tube. C-128A is an r-f by-pass capacitor which
serves as a feed-through insulator at the point where
the AVC line passes through the shield surrounding
the rof circuits. This insulator button, however, is
constructed to afford approximately 500 ppf capaci-
tance between the lead and the shield (which is
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grounded). Electrically, therefore, this constitutes an
r+f by-pass capacitor. Its function is to prevent
coupling between the high and low-frequency circuits,
The two leads te R-250 are similarly by-passed by
(C-128B and C-128C. Capacitor C-159 is used to by-
pass any stray a-c voltages induced in the lead to the
control unif. ‘

(8) MVC Circuzl.

The MVC {(manual volume control) circuit is shown
in Figure 27. When switch 5-415in the remote con-
trol unit is in the Avc position, the MVC lead {to the
cathodes of the r-f amplifier and the first i-f amplifier)
is connected directly to ground. Under this condition,
the sensitivity of the receiver is determined entirely by
the action of the AVC circuit.

When switch S-415 is in the Mvc position, the sen-
sitivity of the receiver can be regulated by manipula-
tion of variable resistor R-412A in the remote control
unit. It will be observed that R-412A and R-118 form
a voltage divider between the positive high-voltage
source and ground. The wvoltage developed across
R-4124 (positive with respect to ground) is applied to
the cathodes of the r-f and first i-f amplifiers. The
higher this voltage, the greater the bias and the less
the gain of these stages. The AVC circuit then is
ineffective except, as explained previously, when rela-
tively strong signals are received. 1t reduces these to
a point where they will not overload the receiver.

(9) Squelch Rectifier {V-105).

The basic operation of the squelch rectifier eircuit is
Hlustrated in Figure 29. One grid (terminal 1) of V-103
constitutes the anode (plate) of the squelch rectifier
diode. The cathode element connected to terminal 3
serves as the cathode of this diode; it also, as pointed
out previously, acts as the cathode of the AVC recti-
fier. Asin the case of the AVC action explained above,
the peak r-f voltage applied across the squelch rectifier
circuit during a negative hall-cyele is approximately
equal to double the peak voltage across inductor L-110.

The squelch rectifier is similar to the detector circuit
in that current flow, which results from rectification,
occurs in a closed circuit which is independent of
ground. This path includes the squelch load resistor,
R-132, resistors R-131, R-130 and R-128, inductor
[-110, as well as the grid and cathede of the tube.
Sinee the closed path does not include ground at any
point the voltage from the divider composed of R-137
and R-134 has no bearing on the operation of the
squelch rectifier itself. The current through R-132
causes the upper end of this resistor to be negative
with respect to the lower end, which is connected to
the voltage divider. A description of the use of the
potential drop across R-132 is given later.
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Figure 29—Squelch Reciifier—Partial Schematic Circuit

(10} Sguelch Amplifier (V-1006},

The partial schematic circuit diagram of Figure 30
shows the circuit configuration of the squelch and the
first a-f amplifiers. The equivalent circuit is shown in
Figure 31. Relerring to the latter figure, it will be seen
that the grid of the squelch amplifier is returned to the
cathode through two batteries, S and V, connected in
series opposing. (The significance of these batteries
will be explained later. So, also, will the derivation of
the voltage represented by the battery marked “37V"
in the plate circuit.)

When the voitage of V is greater than that of S, the
grid of the squelch amplifier is positive with respect to
the cathode. Under this condition, the 37-volt battery
causes current flow in the plate circuit.  The upper end
of resistor R-141 is then negative with respect to the
lower end. Since the upper end is connected, through
R-140, to the grid of the first a-{ amplifier, the drop
across R-141 serves as a cut-off bias for this tube. The
a-f amplifier is thus disabled, and no noise is heard in
the headsets.

€149 RI36
i AN
R143
A=t
Cl54
Ri29 RI35
ijcma %cma
s ¥
A ciess A133 159 CI53A
£ a1
 R250 )
xgc:a*esc AVC | MVC 3Ri4l ZRI42 3RI39
RI34 5418 C1a7
RI3# "““J;
+220V. * Ri25 Ri24 ax
- +2ZOV.

Figure 30—Squelch Amplifier—Partial Schematic Circuit

If, on the other hand, S is greater than V, the grid of
the squelch amplifier is negative with respect to its
cathode. Space current is reduced, or may be nil.
The conseguent potential drop across R-141 is cotre-
spondingly reduced. In. this condition the squelch
amplifier contributes little or nothing to the bias of the
first a-f amplifier tube. Plate current flows in the
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normal manner and audio frequencies appearing on
the grid are amplified. The first a-l stage is not dis-
abled.

Referring to Figures 30, 31 and 62, it will be seen
. that battery S actually represents the potential drop
across the squeich rectifier load, R-132. Its voltage
therefore depends upon the strength of the received
signal. Resistors R-129 and R-133, together with
capacitors C-148 and (-198, constitute a filter for the
rectified voltage and also tend to prevent the squeich
amplifier from responding to sudden bursts of static.
If S-415 is in the avc position, and if the rectified
signal voltage, S, is less than voltage V, the first a-f
amplifier is disabled. It will be seen from Figure 62
that battery V represents the voltage drop across
variable resistor R-250 (which is part of the voltage
divider composed of the additional resistors R-133,
R-134, and R-137 when S-415 is in the avc position).
By varying this resistor, the voltage may be varied
within the approximate range of 0 to 50 volts. In
order to restore the first a-f amplifier to normal
operating condition, the rectified signal voltage applied
to the squelch amplifier must be sufficiently. great to
overcome the voltage across R-250 and to supply
cut-off bias to the squelch amplifier stage. Therefore
the adjustment of R-250 determines, within limits,
the signal strength required to restore the first audio
stage to normal operating condition. Incidentaily,
R-250 determines the point at which the squelch
operates and the delay bias for the AVC rectifier.
Although R-250 is pre-set for the desired squelch
operation, the circuit is so designed that an appropriate
adjustment of delay bias is made simultaneously.

5 <

+/]
VOLTAGE
FROM

SQUELTH

RECTIFIER

+220M

Figure 31—Squelch Amplifier—Equivaleni Circuit

When S-415 is in the MvC position, R-250 is dis-
connected {rom its ground return. The full voltage
drop of approximately 50 volts across R-134 is then
applied to the cathode of the squelch amplifier. Since
the plate voltage is in the order of only 37 volts, the
cathode is positive with respect to the plate, and no
plate current flows in this tube. Therefore no voltage
is developed across load resistor R-141, and the first
a-f stage operates normally. In other wfords, squelch
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operation is available only when 5-415 is in the avc
position. When S-415 is in the MvC position, the first
a-f stage operates normally at all times.

The voltage required for the plate of the squelch
amplifier tube is derived from the voltage drop across
resistors R-124 and R-125 in the cathode cireuit of the
cecond i-f amplifier tube, V-104. The cathode current
of this tube is approximately 9 milliamperes under
operating conditions. This current, flowing through
the combined resistance of the two resistors mentioned
(4,120 ohms) causes, hy Ohm’s law, a drop of 37 volis.
This is the voltage represented symbolically by the
37-volt battery in Figure 31.

(11) First A-F Amplifier (V-104)

Aside from its interconnection with the squelch
circuit, described in the preceding paragraphs, the
first a-f amplifier is conventional. Some degree of
degeneration (negative feed-back) results from the fact
that the cathode bias resistor, R-142, is not by-passed
for audio frequencies. The ocutput audio voltage
developed across load resistor R-139 is coupled to the
input of the second a-f amplifier through resistor R-143
and capacitor C-154. Capacitor C-153A in the grid
circuit serves as an a-f by-pass around resistor R-141.
R-140 provides a grid return and at the same time
prevents the a-{ voltage from being short-circuited.

{12) Second A-F Amplifier.

The second audio-frequency amplifier, which em-
ploys a heam-power tube, is a conventional resistance-
capacitance coupled stage. Capacitor C-187 across
output transformer T-101 provide some shaping of the
audio response characteristics. Bias is supplied by
cathode resistor R-1453, which is by-passed by C-196.
The output transformer is provided with a tapped
secondary to accommodate high or low impedance
headsets. 1t should be observed that the plate circuit
of this amplifier is returned directly to the positive.
high-voltage brush of the dynamotor, while the screen
grid, together with all the other positive high-voltage
circuits, is returned through L-121. Resistor R-168,
connected across the primary of transformer T-101,isa
silicon carbide unit (Thyrite varistor)., Its resistance
varies markedly with the impressed voltage; at low
voltage, the resistance is very high, and at high volt-
age, the resistance is low. It thus acts as a variable
protective shunt, which automatically provides a short
circuit across the transformer when high-voltage
surges, due to switching or other causes, would other-
wise cause breakdown of the windings.

(13) Ouiput Circuit,

An audio volume control bridged across the output
circuit of the receiver is provided in the associated
remote control unit. This control comprises two
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potentiometers ganged to theINCREASEOUTPUT control.
(ne potentiometer s provided for high impedance
headsets, and the other for low. This volume control,
or a-f level control, is employed primarily to provide
the desired headset volume with full AVC action. The
reason is that, while full AVC keeps the output of the
receiver relatively constant over a range of input
signals, additional provision must be made for adjust-
ing the output for comfortable headset volume. This
control is not provided to alter the sensitivity of the
set in accommodating various signal strengths. It
governs the headset level for a given set of conditions,
and normally is afllowed to remain fixed while full AVC
is in use.

Resistor R-412A, ganged to the same shaft, how-
ever, is used to accommodate the receiver to various
signal strengths when S-415 is in the MvC position.

(14} Oscz':lfamr (17-108).

Referring to Figure 62, it will be seen that the
heterodyne oscillator is of the crystal-contrelled
harmeonic type. The frequency is determined by the
connection of one of four crystals (Y-10%, Y-102, Y-103,
Y-104) to the grid of tube V-108. 1t will be noted that
capacitor C-165 is relatively large (1000 mmnf); con-
sequently, the screen is practically at ground poten-
tial at radio frequencies. In effect, then, the crystal
is effectively connected between the grid and screen.
Capacitors (-163 and C-164 constitute an r-f voltage
divider, the mid-point of which is connected to the
cathode. The resulting difference of r-f potential
between the cathode and grid provides the feed-back
which is necessary to sustain oscillations.

The plate tank circuit is resonated at the fourth

harmonic of the crystal frequency by means of coil -

L-111 and capacitors C-105D and C-166. The trim-
ming of coil L.-111, as well as of all other coils in the
oscillator-harmonic generator and r-f stages, is ac-
complished by means of silver-plated brass screws.

Any one of four crystals {Y-101,
Y -104) can be connected to the oscillator circuit by the
operation of the appropriate crystal selecting relay
(K-101, K-102, K-103, K-104).

(15) First Harmonic Generator {V-109).

The output of Lhe oscillaror stage is coupled to the
input circuit through capacitor C-168 (see Figure 62).
At the frequencies involved in this part of the circuit
(four times the crystal frequency), capacitors C-167,
(168 and C-169 offer a capacitive reactance. Ter-
minal “A)" at the junction of resistors R-153 and
R-154, is for testing purposes.

The frst harmonic generator operates as a frequency
tripler.  Its input circuit is tuned to the fourth har-
monic of the crystal, and its output is tuned o the

Y102, Y-103,
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twelfth harmonic. Resistor R-156 {12 ohtﬁs) in the
plate lead serves as a suppressor of parasitic osciila-
tions. The combination of capacitor C-176 and in-
ductor L-114, as well as the combination of C-178 and
L.-116, presents an inductive reactance. As a result,
the points between which the circuits are coupled hy
C-177 {which actually appears as a small inductor)
are equivalent to taps on the inductors in Z-109 and
Z-110,  C-177 prevents positive high voltage from
appearing at the grid of V-110. Terminal “B” of
Z-110 1s employed for testing purposes.

(16) Second Ilarmonic Generator (V-110).

Tube V-110 functions as a second harmonic gen-
erator. Its input circuit is tuned to the twelfth
harmonic of the crystal frequency and its output to the
twenty-fourth harmonic. It will be noticed that the
plate tank circuit (Z-111 combined with C-105H)
is followed by an additional tuned circuit {(Z-112 and
C-1051). The coupling between these units is similar
to that employed between the r-f stage and the mixer.
Terminal “‘C” is a test point,

(17) Channel Selection.

Fzach VHF receiver is normally equipped with four
crystals for determining the frequency of the local
oscillator, and thereby the frequency to which the’
receiver will respond. The resonant circuits of the r-f
amplifier, oscillator and harmenic generator stages are
tuned by means of nine ganged rotary capacitors. In
order to select a particular channel, therefore, it is
necessary (o rotate the wvariable capacitors to the
proper position and to connect the proper crystal,

The rotation of the ganged capacitors to the proper
position is effected by means of selector O-101, selector
(-101A or selector ©-102, depending upon the date at
which the particular receiver was manufactured. These
selectors were described in some detail in an earlier
pary of this section. The selector also closes a circuit
to one of four crystal selecting relays, K-101, K-102,
K-103 and K-104. This causes the relay to operate
and connect the proper crystal to the-grid circuit of
the osciilator.

(18) Recetver Power Supply.

The 28-volt aircraft storage battery is connected to
the receiver through switch 5-416 in the remote control
box. This switch is actuated by the same shaft as the
MVC-OFF-AVC switch. Its circuit is closed when the
latter is in either the MVC or avc position. It is open
when the switch is in the OFF position. The 28-volt
current is fed to the low voltage side of Dynamotor
*DY-2/ARR-2 through low pass filter C-138, [.-121
and C-1533B. This serves to reduce noise arising {rom
commutator ‘ripple. Condenser C-34, connected
directly across the low voltage brushes, serves to by-
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pass any radio frequency currents arising from spark-
ing at the brushes. ‘

3. RADIO TRANSMITTER T-23/ARC-5

Photographs.......... ... Figs. 2, §, 3235
Schematic Circuit......... Figs. 60 and 68
Wiring Diagram........... Fig. 74

Dimensions and Weights. . . Fig. 55

a. MECHANICAL CHARACTERISTICS

Radio Transmitter T-23/ARC.5 is designed for
mounting in the space provided on the racks described
in Volume 1. A readily removable shield, which is

provided with louvres, affords mechanical protection .

and adequate ventilation. The general mechanical
arrangement of the transmitter is indicated on the
photographs in Figures 3, 32, 33, 34 and 35. Over-all
dimensions and weights are given in Figure 55.

The transmitter is provided with four complete sets
of tuned r-f eircuits, one for each of the four channels

V~303 V=302

DRIVE SHAFT

X-304
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to which it can be tuned., These tuned circuits are
mounted in rotatable turrets Z-301, 2-302, Z-303
which are connected, through a system of shafting and
gearing, to tuning motor B-301. This motor, in com-
bination with a system of relays and switches-to be
described later, rotates the turrets to a position where
the proper tuned circuits are connected into the circuit.
The appropriate crystal for each transmission channel
is connected into the circuit by the operation of one of
the spring combinations of switch $-313 (on the under
side of the chassis). The operation of the proper
springs is effected by a cam on turret Z-302, acting
through a plunger.

The tube sockets for the driver (second harmonic
generator) and power amplifier tubes are of somewhat
unusual construction, as indicated on the photographs
in Figure 35. This design minimizes stray circuit
capacitances and inductances; all connections between
the tube elements and their respective tuned circuits
are as direct and short as it is feasible to make them.
The two sockets, X-303 and X304, are interchange-
able.

J-30I1 .

Figure 32——VHF Transmitter—Left
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Figure 33—VHF Transmifter—Top
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Figure 35—Sockefs X-303 and X-304

b. ELECTRICAL CHARACTERISTICS

The circuit of Radio Transmitter T-23/ARC-5 is
shown on the schematic drawing in Figure 65. The
crvstal-controlled harmonic oscillator (V-301) is fol-
lowed by two harmonic generators {V-302 and V-303)
and by a power amplifier (V-304). The frequency of
the carrier output is 18 times the crystal frequency.
Output power is approximately 6 to 10 watts. Modu-
lating power for the transmitter is obtained trom Modu-
jator MD-7/ARC-3 which is described in Volume 1.

(1) Oscillator (V-301}.

The oscillator stage is of the crystal-controlled
harmouic type. It utilizes the cathode (terminal 63,
the control grid (terminal 4) and the screen grid (ter-
minal 3) of a beam-power tetrode, V-301. The cathode,
control grid and plate of this tube serve as an electron-
coupled harmonic generator (doubler) tuned to the
second harmonic of the crystal frequency. Tuning is
effected by variable inductors, L-302A, L-302B,
1.-302C and L-302D, all of which are mounted in
rotatable turret Z-302.

As previously pointed out, turret Z-302 rotates,
under control of the channel selection circuit, 56 as to
connect the proper coil into the circuit. Also, it
operates one of the spring assemblies of switch 5-313
so as to connect the proper crystal to the grid circuit
of the oscillator stage. It will be noted that the tuned
circuit does not include any tuning capacitor {capaci-
tors C-303 and C-304 serve merely as o-f by-passes;
their impedance at the frequencies involved is negli-
gible). The inductors are resonated by the tube inter-
electrode capacitances and wiring. FEach inductor is
tuned by the adjustment of a composite slug, part
powdered iron and part copper.

In the oscillator portion of the stage, the cathode,
control and screen grids of the tube, together with the
associated resistors, capacitors and inductors (R-301,
R-302, R-303, C-301, C-302, C-303, L-301 and [-313)
act as a triode oscillator under the control of one of the

crystals. Since -303 is relatively large, the screen is
substantially at ground potential with regard to the
radio frequencies existing in the circuit.

Thus the crystal is effectively connected between the
screen and control grids,  Capacitors C-301 and C-302
constitute an r-{ voltage divider, the junction of which
is connected to the cathode. This provides the feed-
back necessary to sustain oscillations. This difference
in potential causes the electron stream- to vary at a
frequency determined by the constants of the crystal.
The plate current which flows through L-302 (A, B, C
ar 1) therefore possesses a component of erystal fre-
quency. The plate circuit is resonated at twice the
crvstal frequency. The screen remains substantially
at r-f ground potential. This condition minimizes any
reaction between the output and oscillator sections. -

Inductor L-301 helps to maintain the r-f potential
on the cathode while R-303 provides cathode bias.
Inductor 1.-313 tends to prevent radio-frequency cur-'
rents from fowing through grid leak resistor R-301.
Inductor L-302A, used for channel A (100 to 124 mega-
cycles) is wound with resistance wire to reduce the
tendency to self-oscillation at the lower frequencies.

(2) First Harmonic Generator (V-302).

The output of the harmonic oscillator tube is coupled
to the control grid of the first harmonic generator tube
V-302, through coupling capacitor C-305. The capaci-
tance of C-305 and the input capacitance of tube
V-302 act together as a voitage divider. That part of
the radio-frequency voltage developed across the
latter appears between the control grid and cathode
of V-302. R-305 in series with R-304 is used with
test circuits to obtain grid current measurements.
R-306 furnishes a d-c cathode bias on the stage, while
R-304 furnishes grid leak bias.

The plate circuit of V-302 is tuned to the third
harmonic of the input frequency {the sixth harmonic
of the crystal frequency) by means of coils 1-303
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{A, B, C or D). These coils are located in turret
Z-303 with coils L.-305 (A, B, C and D). The greater
part of the fixed capacitance for the tuned circuit of
- V-302 is furnished by the output capacitance of this
tube. (-308 is a radio frequency by-pass capacitor,

{3) Second Harmonic Generator {V-303).

The tuned plate circuit of the first harmonic gen-
erator is link-coupled to the tuned grid circuit of the
second harmonic generator tube V-303. This is a
push-pull beam power tube operating as a frequency
tripler. The grid circuit is tuned-to the output fre-
quency of V-302 by means of coils 1.-305 (A, B, C
or ). The fixed capacitance of the tuned circuit is
largely furnished by the input capacitance of V-303

Inductors L-303 (A, B, C and D) are located in the
right half of motor driven turret Z-303 and coils 1.-305
(A, B, C and D) are located in the left half. Coupling
between the two is achieved by means of links 1-304
(A, B, C or D). Radioc-frequency by-pass capacitor
(-308 and resistors R-307, R-308 and R-309 are also
contained in turret Z-303. Resistors R-308 and R-309
are grid leaks which furnish bias to the control grids of
V-303 when r-f excitation is supplied. Cathode bias is
furnished by R-310.

V-303 is mounted horizontally in a plug-in socket
assembly shown as X-303 in Figure 65. This assembly
also _contains the by-pass capacitors. The output
circuit of V-303 is tuned to the third harmonic of the
input frequency or the eighteenth harmonic of the
crystal frequency. Tuning is accomplished by means
of variable inductors 1.-308 {A, B, C or D). The
capacitance required is composed of trimmer capacitor
{-335, the output capacitance of V-303 and the input
capacitance of V-304 in series with the capacitances of
C-315 and C-316. The coils are located in the left-
hand side of motor driven turret Z-302. Inductors
L-306 and 1307 are shunt feed inductors for the
plates of V-303. Resistor R-311 and capacitor C-314
form a de-coupling network to the plate voltage

supply.
(4) Power Amplifier (V-304).

The output of the second harmonic generator is
coupled through capacitors C-315 and C-316 to the
radio-frequency power amplifier tube, V.304. This is
a push-puli beam power tetrode which is plate and
screen modulated by audio-frequency power suppiied
by Modulator MD-7/ARC-5. It is mounted in socket
assembly X-304, which also contains the radio-fre-
~ quency by-pass capacitors. -

Resistor R-315, mounted cutside X-304, furnishes
cathode bias to V-304. Resistors R-312 and R-313,
located in turret Z-302, furnish grid leak operating
bias to the stage. Inductors L-309 and 1.-310 are
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shunt feed coils in the plate circuit. Resistor R-316
and capacitor C-322 furnish a decoupling network in
the plate voltage supply.

The output of V-304 is tuned by means of variable
cores in inductors L-311 (A, B, C or D). The asso-
ciated capacitance is largely contributed by the output
capacitance of V-304 together with the capacitance
presented by the various connecting leads. Coupling
to the antenna is obtained by means of coils 1.-312
(A, B, C and D). This coupling is varied by antenna
capacitors C-323 (A, B, C and D). These inductors
and capacitors are located in turret Z-301 at the front
of the chassis. '

{5) Relays.

In order to contro! channel selection and to switch
operating and modulating voltages, the circuit of
Radio Transmitter T-23/ARC.S includes the following
relays:

K301—Antenna Switching Relay

K-302--Plate and Screen Voltage Control Relay

K-303—Modulated Screen Supply and Key
Control Relay

K.304—Motor Control Relay

K-305—Auxiliary Plate and Screen Voltage
Control Relay

K-306—Modulated Plate Supply and Voltage
Regulator Interlock Relay

The purpose of motor control relay K-304 is to close
the circuit of the tuning motor under control of the
channel selecting push buttons in the control unit.
Relays K-302, K-303, K.305 and K-306 are trans-
mitter enabling relays which furnish operating volt-
ages to the transmitter. These relays operate under
control of the channel selecting push buttons, but only
after the motor relay has released. Thus piate voltage
is never applied while the turrets are being rotated by
the motor drive. The antenna switching relay K-301,
under the control of the microphone push button,
switches the VHE anteana from the receiver to the
transmitter.

Reference to Figure 65 will show that the winding of
maotor control relay K-304 is completed to ground at
the channel switches A, B, C or D in the control
unit through the contacts of selection switch $-313.

The operation of relay K-304 closes the armature
circuit of the channel selection motor. This operates
the motor, which in turn drives the turrets through a
series of reduction gears. '

As turret Z-302 rotates, cams A, B, C and D operate
spring assemblies A, B, C and D of switch 5-313.
When the turret reaches the correct position for the
channel selected, the circuit to the winding of motor

RESTRICTED 49



Section IV

Paragraphs 3-4

controt relay K-304 is opened. The relay then re-
icases, thereby removing battery and short circuiting
the motor armature. The motor stops. The lower
pair of springs in the spring assembly of switch S-313
clese, connecting the proper crystal to the oscillator
circuit. Relay K-304, in its released position, closes
the operating path to the transmitter enabling relays,
K-302, K-303, K-305 and K-306.

Relay K-302 closes the plate and screen supply leads
from the modulator unit to the various stages of the
transmitter. These leads are also connected through
contacts of K-305 in series with those of K-302. The
purpose of the contacts in series is to prevent excessive
arcing at high altitudes.

One set of contacts of relay K-303 controls the
modulated screen voltage supply to the r-f power
amplifier {V-304). The second set of contacts controls
the voltage applied to the winding of the antenna
transfer relay.

One set of contacts of relay K-306 controls the
modulated plate voltage supply to the r-f power
amplifier (V-304). The second set of contacts com-
pletes the circuit of the voltage regulator tube (located
in the modulator) and assures that the voltage regu-
lator is struck regardiess of the position of the ermission
switch on the control unit.

The antenna relay, K-301, is operated under the
joint controt of relay K-303 and the microphone push
hution. When the push-to-taik button on the micro-
phone is operated, K-301 transfers the VHF antenna
from Radic Receiver R-28/ARC-S, to Radio Trans-
mitter T-23/ARC-5.

The 24-28 volt supply for operating the relays is
controlled by the orF push button on the control unit.
Relay K-304 may operate from this supply whenever
one of the channel selector buttons A, B, € or D On the
control unit is operated. So long as K-304 is operated,
however, [£-302, K-303, K-305 and K-306 are pre-
vented from operating to close the high-voltage leads
until the turrets have ceased rotating and the motor
relay has released.

4. CONTROL UNIT C-30/ARC-5

Photographs. .o venrv s iooees s Fig. 6
Sehematic Circtit. oo e e Figs. 7 and 60
Wiring Diagram.....o.ooorenineas Fig. 75
Dimensions and Weights.......... Fig. 56

The general arrangement of Control  Unit
C-30/ARC-5 is shown on the photographs in Figure 6
and in the outline drawing in Figure 56. The latter
figure also gives the installation dimensions and

weights.
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This unit includes the switches required {or complete
control of one VHF transmitter and two MF-HF
transmitters of Model AN/ARC-3 Aircraft Radio
[quipment. It also provides for control of channel
selection of one VHFE receiver.

Referring to the circuit schematic of Figure 7, it will
be seen that the battery supply to all transmitting
equipment, both MF-HF and VHF, is under control
of push button switch oFF. When this button is de-
pressed, the battery supply circuit (terminals 13 and
18 of receptacle J-402) is opened, When it is released
by the operation of one of the other push buttons, the
the battery circuit is closed and the heater circuits of
all transmitting equipment are energized.

The operation of push button A, B, C or D places a
ground on terminal 1 of receptacle J-402. This action,
as can be scen by referring to Figure 60, causes relay
K-303 to operate. This, in turn, prepares a circuit for
the operation of relay IK-301 in the VHF transmitter
under the control of the microphone push button. The
operation of push button A, B, C or b also causes re-
lays K-302 and K-305 to operate after relay K-403 has
operated. When the microphone push button is de-
pressed, relays K-52 and K-301 operate to connect the
transmitter to the high-voltage supply and VHF
antenna. This is done through terminal 9 of J-402
and terminal 6 of J-401.

The depression of push button A, 8, ¢ or D also
grounds two of the channel selection leads to re-
ceptacie J-401. One of these (1, 2, 3 or 4} operates the
channel selector in the VHF transmitter through
terminals 1, 2, 3 or 5 of its receptacle J-309. The other
(7,8, 9 or 10) operates the channel selector in the VHF
receiver through terminals 1, 2, 4 or 5 of its receptacle
J-103.

When push button 2 or 3 is depressed, ground is
placed upon lead 2 or lead 3 of receptacle J-402. This
ground causes one or the other of the MEF-HF trans-
mitters to be selected and placed under control of the
microphone.

In older modets of Control Unit C-30/ARC-5, pro-
vision was made for an additional switch in the micro-
phone circuit. This switch is no longer used, hut the
stenciling may still be found and should be disre-
garded. The stenciling reads* K in.”

Switch S-401, when turned to the TONE position,
places ground on terminals 12, 13 and 16 of receptacle
J-402. In addition, terminals 11 and 17 are connected
together. These connections prepare the modulator
and MF-HF transmitters for modulated CW telegraph
operation, as described i detail in Volume 1 of this
handbook. '
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When switch $-401 is turned to the cw position (2), C-42/ARC-5 C-43/ARC-3
terminal 12 of J-402 is grounded and terminals 11 and Resisiors
17 are connected together. The modulator and the R-460 R-412
MF-HF transmitters are thereby prepared for CW R-461 R-413
telegraph operation. Ordinarily, neither the TONE nor R-462 R-414
the cw position of switch S-401 is used for VHF opera- R-463 R-415
tion, since the VHF components are intended primarily R-464 R-416

for voice operation. However, if unusual circum-
stances require it the VHF transmitter can be used for
telegraphy at low speeds. In this case, the TONE and
cw positions of switch $-401 serve the same {unctions
as those described above for MEF-HF operation.

When S-401 is turned to voice (3), terminals 13, 14
and 16 of [-402 are grounded; terminals 9 and 12 are
connected together; likewise terminals 10 and 17 are
also connected together. The ground on terminal 13
removes the disabling bias on tube V-51 of the modu-
lator unit: that on 14 disables the tone oscillator tube
V-50; that on 16 connects voltage regulator tube V-32
across the high-voltage supply for the screen grid
circuits. The connection between 9 and 12 places the
dynamotor of the modulator under control of the key
or microphone push button. The connection between
10 and 17 closes the voice sidetone injection circuit.

5. CONTROL UNIT C-42/ARC-5

Photographs. .. ... oo iiiini e Fig. 8
Schematic Civcuit. ... oot Figs. 9 and 60
Wiring Diagram..................Fig. 76
Pimensions and Weights. ... . ... .. Fig. 56

Control Unit C-42/ARC-5 provides for the control
of one VHF receiver, except for channel selection
{which, as previously described, is under control of the
push buttons of Control Unit C-30/ARC-3). This
unit is the mechanical and electrical equivalent of
the VHF (right hand) section of Control Unit
C-43/ARC-5, which unit is fully described in a sub-
sequent paragraph. Here are the reference numbers
for equivalent parts:

C-42/4ARC-5 C-43/ARC-5
Capacitors
C-460 C-410
Swilches
S5-460 5-414
5-461 S-415
5-462 5-416
C-42/ARC-5 C-A3/ARC-S
Jacks
J-460 J-412
J-461 J-415
1-462 J-416
]-463 J-417

6. CONTROL UNIT C-43/ARC-5

Photographs. .. ............. ... Fig. 10
Schematic Circuit............. ... Fig. t1
Wiring Diagram..................Fig. 77
Dimensions and Weights. . ........ Fig. 56

The general arrangement of Control Unit
C-43/ARC-5 is shown on the photograph in Figure 10
and on the outline drawing in Figure 56. The latter
figure also gives the installation dimensions and
weights,

This unit is used to control two LF-MF-HF re-

. ceivers and one VHF receiver (except for channel

selection in the VHF receiver, which as previously
explained, is controlled by the push buttons of Control
Unit C-30/ARC-5).

Referring to the schematic circuit in Figure 11, it
will be seen that the left and center sections of this
unit (switches S-410, S-411, 5-412, S-413; resistors
-410, R-411: two tuning knobs and associated dials)
controi the operation of two LE-MF-HF receivers,
Volume 1 of this-handbook explains the operation of
these two sections when used to control LF-MF-HF
receivers,

The right-hand section of the control unit controls
one VHF receiver, except, as pointed out above, for
channel selection. Switch S-414 connects the VHF
receiver output to either of two headset circuits, A or
B. Switch S-415, when turned to the Avc position,
connects terminal 3 of receptacle J-412 to ground. In
this way R-412A is short circuited and the MVC lead
of the VHF receiver is grounded. At the same time,
terminal 7 of J-412 is also grounded, causing the AVC
and squelch circuits of the VHF receiver to become
effective, At the same time, switch S-415 connects
one of two attenuator networks (R-412B, R-413,
R-414, R-412C, R-415, R-416) into the circuit as a
volume control.

The use of one or the other of these networks is de-
termined by the impedance of the headsets used. High
impedance sets call for the first. Low impedance sets
call for the second. When the proper network is con-
nected, a reasonably good impedance match is ob-
tained between the three circuit elements involved
(output transformer T-101 of the VHF receiver,

volume control network of the control unit, and head-

sets) for all settings of the volume control knob.
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When switch S-415 is turned to the Mvc position,
ground is removed {rom terminal 7 of receptacie J-412
to disable the squelch circuit of the VHF receiver and
prevent AVC action on weak signals. This switch also
removes the short circuit from R-4124, allowing the
position of the volume control knob to determine the
gain of the receiver and consequently the volume of
the output. Switch S-415, in its MVC position, con-
nects directly across the receiver output.

Switch $-416 is connected mechanically with switch
S-415. It completes the battery circuit to the VHE
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receiver whenever the latter is in either the AvC or the
mve position. It also opens the battery circuit when
the latter is in the OFF position.

Receptacte J-417, and its associated wiring, carries
side-tone from the modulator or unit so that full
volume of side-tone will reach the headset circuit
regardless of the setting of the attenuator (volume
control) in the AVC condition.

Capacitor C-410 serves to prevent oscillations
through feedback into the MVC lead,

S R S

INDICATOR
1-106-A

TEST UNIT
[-155-4

TOOL KIT

SPARE LAMPS

ANTENNA A-85-

INSTRUCTION
BOOKS

L __R-F NOISE
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SPARE LAMPS

ANTENNA A-85-A

TOOL KIT

TéST UNIT
[-i55-A

INDICATOR
106-A
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GENERATOR

Figure 36—Test Equipment JE-35-A
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SECTION V-—MAINTENANCE

1. TEST EQUIPMENT
A, GENERAL,

Three groups of testing equipment are used in con-
nection with the adjustment, testing and repair of the
VHF components of Model AN/ARC-5 Ajreraft Radio

Equipment. As noted in subsequent paragraphs, some -

of the test units are also useful in connection with
the LE-MF-HF components. The three groups are:

Test Eguipment IE-35-4. This provides appara-
tus and tools which are used in the tuning and field
maintenance of the VHE transmitter and receiver.

Test Lguipment AN/GREM-1. This provides facili-
ties for making bench tests of all components (both
LF-MF-HF and VHF) of Mode! AN/ARC-5 Aircraft
Radio Equipment.

General Purpose Apparatus. This includes such
items as output meters, fube analyzers, signal gen-
erators, etc., which are used in the general mainten-
ance of all radio equipment.

B. TEST EQUIPMENT IE-35-A.,

Photographs....... ... Figs. 36, 37, 38, 40 and 42
Schematic Circuits. .. .. Figs, 39 and 41
Wiring Diagram. ..., ..Fig. 78

Test Equipment IE-35-A comprises the following
units:
Chest CH-130-A
Antenna A-85-A
Lamp Kit (spare lamps {or antenna)
Indicator 1-106-A
Test Unit I-135-A
R-F Noise Generator
Tool Kit
Three Copies of Instruction Pamphlet

Two views of the test equipment are shown in Figure

36. It 18 essential that this equipment be awvailable
wherever it is necessary to tune the VHF components
to new frequency channels. This equipmest is also
useful for rough field checks of the operation of the”
VHE components and ln connection with such minor
repairs as tube replacement.

{1} Anienna A-85-A.

This artificial antenna, shown in Figure 37, provides
a load of approximately 50 ohms at 12 watts when
attached to the antenna jack of the VHF transmitter.
It also provides 2 convenient visual aid in tuning,
since, when the transmitter is properly tuned, the
tamps glow with moderate brilliancy. The ‘three
lamps, all of which are connected in parallel, are
28-volt, 0.17 ampere, airplane type. The lamp kit,
which provides six spares, is packed in a heavy card-
board container.

(2) Indicator I-106-A.

Indicator I-106-A, illustrated in Figures 38 and 39,
is a device for checking the radiation from a VHF
antenna, energized by a transmitter operating in the
frequency band of 100 to 156 megacycles. - Fssen-
tially, it comprises a telescopic antenna coupled to a
paraliel-tuned circuit which, in turn, is connected to a
silicon-crystal rectifier and a d-c microammeter.

The scale of the variable air capacitor which reson-
ates the tuned circuit is calibrated to read directly in -
megacycles. Hence the indicator may be used as a

frequency meter. After a VHF transmitter has been
tuned, the indicator may be placed 10 to 20 feet away
from the transmitting antenna, and the dial of the
indicator turned until a peak deflection is ohtained on
the microammeter. The dial reading of the indicator
will approximate the carrier frequency.

Figure 37—Antenng A-85-A
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Since both the crystal and the microammeter are
sensitive, care should be tialken not to expose the instru-
ment to strong r-f fields, Moreover, the antenna
should never be extended farther than is necessary to
obtain the required sensitivity of measurement. A
spare crystal unit is carried in a clip inside the
indicator.

EE20C
STEEL
HOUSBING
[ - - A //

Figure 39~—indicator 1-106-A—Schematic Circuif

The handling, inspection and use of a cartridge type
silicon crystal rectifier unit require particular care in
order to avoid damage. In many cases the body of the
person handling the crystal unit is not at ground
potential owing to his movement across an insufated
floor or deck. The static charge carried by the body
may then be discharged through the unit, if it is held
by the base and the tip is brought inte contact with
grounded equipment. The same thing may occur if
the tip of the unit is at ground potential and its base is
touched by a person cr object carrying a static charge.
Likewise, if the unit is handed {rom one person to
another, a discharge may take place.

To avoid damage, therefore, always hold the crystal
unit by its base. Ground the base to the equipment
momentarily before attempting any further handling
of it. Before handing the usnit to another person,
first touch his bare hand or face, in order to equalize
any static charge.

Exposure of a unit to a strong electromagnetic field
may damage or destroy it. Do not remove a crystal
unit from its holder, or from the spare crystal com-
partment, when in the vicinity of a source of strong
electromagnetic fields. When a crystal unit is not in
use, always keep it wrapped in metal foil or in a closed
metal box or compartment.

(3) Test Unit I-155-4.

Test Unit I-155-A is illustrated in Figures 40, 41,
and 78, It includes a 0-100 scale d-c meter (1.0
milliampere for {full scale deflection), together with a
seven-position rotary switch, six resistors, and a cord
and plug for attachment to test receptacle J-307 on the
front of Radic Transmitter T-23/ARC-5. (A tuning

Section V
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wrench for this transmitter will be found in the pocket
unider the snapslide in one end of unit [-155-A.)

(4} R-F Noise Generalor.

The r-f noise generator supplied with Test Equip-
ment [E-35-A is illustrated in Figure 36, It is some-
times useful (in focalities where electrical disturb-
ances are at a very low level) as a source of notse when
adjusting or tuning a VHF receiver. It comprises a
small adjustable buzzer, mounted in & tubular fash-
light case which contains a two-cell battery. The unit
is shipped without battery cells.

(5) Tool Kit.

The tool kit, illustrated in Figure 42, comprises a
canvas roll and twe each of the following tools:

Screwdriver for No. 1 Phillips head screws

Tuning wrench for VHF transmitter

Tube extractor for receiver-type tubes

Wrench for hexagonal socket-head No. 6 cap
screws .

Wrench for hexagonal socket-head No. 8 cap
SCrews ‘

Wrench for hexagonal socket-head No. 6 set
SCrEWs

Wrench for Bristo No. 6 four-spline set screws

{(6) Instruction Pamphlel.

Three copies of an instruction pamphlet are con-
tained in a pocket on the cover of the chest. This
pamphlet contains instructions for tuning the VHF
transmitter and receiver of Model AN/ARC-5 Air-
craft Radio Equipment. In some cases it will be found
that the pamphlet is written in terms of U. S. Army
code numbers and designations; the instructions for
tuning Radio Receiver BC-942-A (Army code) and
Radio Transmitter BC-950-A (Army code) apply
equally to the corresponding VHI units of AN/ARC-5.
In case of any doubt, refer to Section I of this volume.

C. TEST EQUIPMENT AN/GRM-1.

Kigs, 43, 46 and 49
Fig. 66

Photographs................
Instruction Diagram....... ..
Schematic Circuits. ....... ... .Figs. 47 and 48
Wiring Diagrams........... . Figs. 78, 79 and 8%
Cord Assemblies.............. Fig. 67

Test Equipment AN/GRM-1 is intended for use at
a maintenance center. It is used for making bench
tests of all the components of Model AN/ARC-5
Aircraft. Radio Equipment. {Receiver Test Set No.
7918 and Transmilter Test Set No. 9558, which are
described in Volume 1, are for the LF-MF-HF units
only.)

Although most routine tests and many repairs can be
made with the AN/GRM-1 equipment, major over-
hauls, realignment work, sensitivity and selectivity
checks, ete., require additional test apparatus. The
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Figure 40—Test Unit I-155-A
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Figure 41—Test Unif 1.155.A~Schematic Circuft

nature of this additional apparatus is described in
Paragraph 1d, below, :

The components of Test Equipment AN/GRM-1
aré listed in the table appearing on the instruction
diagram, Figure 66, This diagram also shows the
cabling arrangement for the test equipment and
typical voltage and current values for transmitters
and receivers of all frequency bands. Fach of the
major components is described hriefly in the following
paragraphs.

(1) Antennae A-61-A.

This artificial antenoa is used in connection with
the maintenance and bench testing of the MF.HF
transmitters, It comprises 2 100 mmf vacuum capaci-
tor, a series-paralle]l combination of resistors with a
total resistance of 4.7 ohms, and a 0 to 4-amperes
thermocouple ammeter. The current values obtained
when testing under varicus conditions are given in
Table C of Figure 66.

(2} Anienna A-68-4.

This artificial antenna is used to provide an output

load in the bench testing of VHF transmitters. Its

constriction is shown in Figure 43. It consists of a
non-inductive resistance of approximately 50 ohms in

Figure 42—Tool Kit of Test Equipment [E-35-A
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R-66! M-660

R-660

J-660

Figure 43-—Anfenna A-68-A :

series with a thermocouple ammeter having a range of
0 to 0.5 ampere. It is connected to the output of the
transmitter by means of a five-foot coaxial cord
{CD-745). A properly adjusted and tuned Radio
Transmitter T-23/ARC-5 should put approximately
325 milliamperes into this antenna.

(3) Anienna TS-79/U {A-69-A).

This unit comprises a 50-ohm non-inductive re-
sistor mounted in an insulated housing. A coaxial
plug and two soldering terminals are provided. Itis
used o connect the antenna jack of a VHFE receiver to
The construction of this antenna
This unit was formerly coded

a signal generator.
is shown in Figure 44,
Antenna A-69-A.

IR

(el = I | AN \
SOLOER Sbosrryrratrr, e &%

1‘/47//11#//1//‘ ; J%ﬁ@vx\#

EMENT / .
EME 80 GHM METALLIZED LAGOUER SEAL
PHENGL TUBE  FILAMENT RESISTOR LG 115 COAYIAL

ANTENNA JACK ON
RADIO REGEIVER

Figure 44—Antenna TS-79/U (A-69-4)

(4) Antenne Relay Unit RE-2/ARC-5.
This antenna relay unit, which is used in connection
with the testing of the LF-MF-HF units, is described
in Volume 1 of this handbook.

(5) Control Uniis C-30/ARC-5 and C-43/ARC-5.

These units are used to control the transmitters and
receivers which are under test. They are described in
Section IV of this volume. :

(6) Conirol Unit MC-237.

This is a local tuning crank for use in connection
with the testing of LF-MF-HF receivers.

(7Y Cords CD-525, CD-527, CD-528, CD-331,
CD-532,CX-31/GRM-1and CX-32/GRM-1.

These cords are identical, except for length, with
certain cable assemblies which are used in connection
with the LF-MF-HF equipment described in Volume
1. The cable assemblies, as described and shown in
rhe drawings therein, are of lengths as specified for
each installation. The nominal length is shown in the
drawings as “1.." The correspoading cords used in
Test Equipment AN/GRM-1 are ali five feet long.
The correspondence between test equipment cords
and LE-ME-HE cable assemblies is:

Test Equipment Cord  LF-MF-HF Cable Assembly

CD-525 Cable Assembly No. 7548
CD-527 Cable Assembly No. 5808
CD-528 Cable Assembly No. 5810
CD-531 Cable Assembly No. 7547
CD-532 Cable Assembly No. 6693

CX-31/GRM-1
08-32/GRM-1
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{8) Cords CD-70d, CD-745, CD-905
CX-33/GRM-I and CX-34/GRAM-1.

These cords, and their construction, are shown in
Figure 67.

(9) Modulator and Dynamotor.
The modulator and dyvnamotor used in Test Equip-
ment AN/GRM-1 are described in Volume 1.
{10) Mounting Bases, Plales and Racks.

The mounting bases, mounting plates and mounting
racks are described in Volume 1.

{(11) Shunting Unit.

The i-f shunting unit supplied as a part of Test
Equipment AN/GRM-.1 is provided for use when
aligning the intermediate frequency stages of the VHE
receiver, A 15300-ohm resistor and 0.006 mf capacitor
are connected in series and enclosed in an insulated
housing. Insulated clips are soldered {o the terminals
of the shunting unit. This unit is shown in Figure 45,

(12) Test Unat I-104-4.

Test Unit }-104-A is used in the servicing of both

LF-MF-HF and VHF receivers. [ts construction is
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shown in Figure 46, schematic circuit in Figure 47 and
wiring diagram in Figure 79. The connections used
in testing receivers are shown in Figure 66.

In the case of VHF receivers, the test unit permits
the tester to select the channel. ({Provision is made
for the selection of as many as 8 channels, although
Radio Receiver R-28/ARC-5 utilizes only four. This
is done in order to anticipate possible future desigus
tncorporating more than four channels.

The conrroL switcn has two functions: (a) When
an LF-MF-HF receiver is under t{est, it determines
whether the receiver shall be in the CW er MCW
condition. (b)) When a VHE recetver is under test, it
sets the receiver for either MVC or AVC operation.

The INCREASE 0UTPUT control operates in the same
manner as the corresponding control in Radio Control
Unit C-43/ARC-5; it determines the sensitivity or
power output of the receiver under test.

The METER switch, in its various positions, connects
shunts and multipliers to the meter and also connects
the meter to different parts of the receiver circuit. The
meter readings which should normally be obtained

SECTION A~A

Figure 45—I-F Shunting Unit
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Figure 46—Test Unit {-104-A
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Figure 47—Test Unit'1-104-A—Schematic Circuit

when testing both LF-MF-HF and VHF receivers are
given in Table A of Figure 66.

(13) Test Unit I-155-A.

Test Unit 1-155-A is identical with the same unit
as supplied with Test Equipment IE-35-A and de-
scribed above in Paragraph 1hb.
nection with the servicing of VHFE transmitters.

{(14) Test Unit TS5-38/GRAM-1.

This test unit is used in connection with the testing
of both the MEF-HEF and the VHE transmitters. The
construction is shown in Figure 49. The schematic
circutt.and the wiring diagram, respectively, are shown
in Figures 48 and 80, The method of connecting this
unit to the transmitter under test is shown in Figure
66, This figure also shows, in Table C, test voltages
and currents,

(15) Crystal Unils.

The first five crystal units listed in Figure 66 {3,000,
4,000, 5,300, 7,000 and 9,100 kilocycles) are used in
checking the dial calibration of MI-HF transmitters.
Crystal Units DC-30 are used in connection with the
tuning and testing of VHEF transmitters.  Crystal
Units DC-31 are used in testing the VHE receivers.

{16) Tools. ‘

The use of the tools supplied with Test Equipment
AN/GRM-1 are given in the table of Figure 66.

It is used In con-

d. General Ulility Test A pparaius.

As mentioned previously, Test Equipments [E-35-A
and AN/GRM-1 must be supplemented by a certain
amount of general utility testing apparatus. The

anature and amount of this auxiliary equipment depends
upon the nature of the work undertaken, The follow-
ing will suffice for most of the VHF majntenance work
which is ordinarily carried out in the field:

Volt-Ohmmeter
Output Meter
Tube Checker

R-F Signal Generator
I-F Signal Generator
A-TF Oscillator

= scizu:\*
v/
MSI0
GBI A [ vt san o ot o o ey e o e e e e e e () G B0 B
$ 4,05 LS
5 4 3.8
o RE!0 50,000w Q
" Y YREI 05 MEG
Reid 3.0Ww
REBI3 0665
[sfsXoReNeNael
201058 T 6
J510
JBIO B JEH

{CUTSIDE VIEW)

Figure 48——Test Unit TS-58 /GRM-T—Schematic Circuit
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Figure 49—Test Unit T5-58 GRM-I
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The conditions under which these various units are
required are outlined in the following paragraphs.

(1) Voli-Ohmmeler.

A volt-ohmmeter is required to make the resistance

and d-¢ voltage measurements which are used in-

servicing both the VHF transmitter and the VHE
receiver, The voitmeter should have a resistance of
at least 1,000 ohms per volt, and preferably 20,000
ohms per volt, It should have several ranges, inciud-
ing one reading up to 730 or 1,000 volts, The ohmmeter
should measure, with reasonable precision, resistances
as low as 1.0 ochm, and at least as high as one megohm.
Weston Test Analyzer Model 772, or Weston Volt-
Ohmmeter Model 564 Type 3-C, may be used. RCA
VoltOhmyst, Jr. and Volt-Ohmmeter [-107 (U. S.
Army code) are also suitable,

(2) Output Power Meter,

An output power meter is required to measure the
output of the VHF receiver. This meter should be
capable of measuring power outputs up to 2 watts
into a resistance load of 300 ohms (or, 24.5 volts across
300 ohms). Preferably, the meter should be capable of
measuring outputs as low as 0.1 milliwatt, but this is
not absolutely necessary unless signal-to-noise ratios
are to be measured.

(3) Vacuum Tube Checker.

A vacuum tube checker (analyzer) is useful in check-
ing the condition of the tubes used in the VHF re-
ceiver. Any of the standard checkers may be used for
this purpose, although one which is capable of measur-
ing mutnal conductance is preferable.

(4) R-F Signal Generator.

In order to align the radio-frequency and harmonic
generator stages of the VHE receiver, it is necessary to
have a standard signal generator which can be tuned
from 100 megacycles to 156 megacyeles. The output
must be continuously variable [rom 1 microvolt to 0.1
voit, or preferably, to 1.0 volt. The output should
appear across an impedance of 30 ohms or Iesg.l

It is desirable, but not absolutely necessary, that the
signal generator be capable of 30 4= 2 per cent modula-
tion at 400 cps or 1000 cps with negligible frequency
modulation.  If audio-frequency response character-
istics are to be measured, it must be possible to
modulate the cutput of the generator at a depth of
30 2= 2 per cent with modulating frequencies between
90 and 6000 cps. Means should also be provided to
indicate that it is so modulated.

If an over-all selectivity test is to be made, it is
necessary that the signal generator be capable of being
set to 156 megacycles, == 5 kilocycles. Or, alter-

‘Section V

. Paragrephs 1-2
natively, it should be possible to read the frequency
within == 5 ke at approximately 156 me.

The General Radio signal generators of the 804
Series are suitable for this purpose. If over-all
selectivity tests are to be made, it is advisable to
supplement the signal generator with a crystal con-
trolled frequency calibrator.

{5} I-F Signal Generaior.

In order to align and test the intermediate-{requency
stages of the VHFE receiver, it is necessary to have a
signal generator with the proper characteristics. The
signal generator must be capable of being set to
6900 = 5 ke (the mid-band of the i-f amplifier) or
else, suitable calibrating equipment should be provided
to insure that the frequeicy of the generator is within
the limits mentioned. The stability of the generator
should be such that frequency shifts greater than -2
ke are not encountered during a measurement. [t
should be possible to read the dial to -5 ke over the
frequency range from 6400 kc to 7400 ke if i-f band
width measurements are to be made.

The output of the signal generator should be con-
tinuously variable from 1 microvolt to at least 0.1 volt,
and preferably to 1.0 volt. The output should appear
across a low impedance (less than 100 ohms). The sig-
nal generator should be capable of being modulated to
a depth of 30 per cent by a tone of 400 cps or 1000
cps.  If sudio-frequency response measurements are
to be made with this generator, it should be possible
to modulate the output to a depth of 30 per cent at
frequencies varying from 90 to 6000 cps. Means
should be provided to indicate that the modulation is
30 4 2 per cent.

The Hickok 19-X Signal Generator, used in con-
junction with the LM Series Heterodyne Frequency
Meter will meet the abeve requirements.

(6) A-F Oscillator.

I audio-frequency response tests are to be made on
the VHE transmitter or the VHF receiver, it is neces-
sary to have a variable-frequency audio oscillator.
This should be of sufficient power to modulate the
transmitting equipment at approximately 75 per cent
or the standard signal generator to a depth of 30 per
cent over the frequency range from 90 to 6,000 cps.
The oscillator may be a Hewlett-Packard Type 200-B,
a Gerneral Radio Type 608-A, a Western Iilectric Type
13-A, or an equivalent,

2. PRE-FLIGHT CHECK

It is recommended that, iz so for as radio silence and
security regulations permit, the following check of the
VHEF equipment be made before each fiight of the
aircraft in which it is installed:
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See thal a suiteble source of 28-voll power is avatlable.
if the engine generator or other primary power source
is not operating, connect to an external power supply,
such as a battery cart or a putt-putt. Do not attempt
to carry out the check on the aircraft battery alone;
this might result in low voltage and a discharged
battery.

See that the VIIF transmitler and recetver are localed
in the proper stalls and are secured by safely wiring.
Also check the safeiy wiring of the control units.

Check that each channel selection push butlon operales
both the VIIF transwitter and the VIF recetver lo the
proper channel. The channel selection of the trans-
mitter can be checked by observing the letters A, 8, C
and p which appear through the window in the front
of the unit. In the case of the receiver, observe that
the freguency dial on the [ront panel indicates the
assigned frequency for each channel.

Listen on each VIIF channel. If signals are heard,
check the operaiton of the INCREASE OUTPUT condrol wiih
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both MVC and AVC. If no signals are heard, listen
to the background noise on MVC.

Pay particular attention to dynamotor noise when the
VHF receiver is operated on MV C and maximum sensi-
tiwity. If there is any question regarding the receiver
dynamotor, replace it with one which is known to be
in good condition.

Check the cord and plug of each headset and micro-
phone for open and short circuils and for intermitient
troubles.

If conditions permil, call lhe fower or another air-
craft and carry on a short lwe-way conversation on each
VHF channel. Pay particulor aliention to the side tone
and the quality of the modulation.

If radiation is permilted {i.e., radio silence not in
force), but it is not feasible ilo.talk with the lower or
another atrcraft, check with an Indicalor I-100-4, or
some olther convenient radiation indicator, thdt the VILF
transmitier radiales on each of the four channels.

L1 (TOP), C+166 (TOP),
1ot Lz, C-170,C-175, L-H0
L5, Lo T, C-179,C-185,
¢-103 L-118 {BOTTOM) C-18¢ (BOTTOM) Lio9

© wios Lo106

L-107 i-108

Figure 50—VHF Receiver—Alignment and Test Points
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If conditions do nol permil either of the lusi two
checks to be carried ont, remove the antenna cable from
the jack on the froni of the VIIF transmilter and insert
Antenna A-85-A4 (part of Test Equipmeni [E-35-4).
Shout or whistle into the microphone, and notice that
side lone is received; also, that the lamps of the artificial
antenna increase in brilliancy with modulation.

3. PERIODIC INSPECTION

A systematic visual inspection and operating test
should be made on the VHF components at regular
intervals. This may be done at the time of the “50-
hour” inspection of the aircralt, at regular monthly
intervals, or at such other times as may be ordered by
competent authority. In addition to the specific
iterns listed below, a careful watch should be main-
tained for amy abnormal condition or unusual oper-
ation. Remember: Many operating failures and
serious troubles can be forestalled by careful and
intelligent routine inspections.

The periodic inspection should include, as a mini-
mum, the items listed in the following paragraphs.

a. REMOVAL AND CLEANING OF UNITS.

Remove all VHF units, including the control units,
Wipe the exte-

from their respective mountings.

Seclion ¥

Paragraphs 2-3

riors with a clean, dry cloth and remove the dust
covers from the fransmitter and receiver. Clean the
interiors of the units and also all plugs, receptacles and
jacks with an air hose. Use only air which is intended
for cleaning purposes and which is free from oil and
grit. Also, blow any condensed moisture from the air
line and gun before turning it on the equipment. Care
should be exercised not to blow hard enough to dis-
place or damage any wiring or apparatus.

b, VISUAL INSPECTION. :

Examine all exposed wiring, cabling, plugs, recep-
tacles, bonding straps, ground connections and
antenna lead-ins for obvious damage or wear. lLook
particularly for worn or frayed insulation which might
be caused by vibration and rubbing, or by insufficient
slack in cabling and wiring. Make sure that there is
sufficient slack to avoid limiting the motion of the
units in their shock mountings.

Inspect the wiring of the transmitter and receiver
for loose or broken connections. Look for broken or
damaged parts and for evidences of overheating
{discolored or carbonized resistors, charred insulation,
melted wax, etc.}. Remember that troubles can often
be located by the sense of smell; a transformer or coil
which has been overheated frequently causes a charac-
teristic odor which persists for a long time.

- Figure 51—-VHF Receiver—Test Points
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Tighten all screws and nuts which can be reached
without disturbing wiring or apparatus. [Examine other
screws and nuts for looseness; tighten where necessary.

Inspect carefully for any other evidence of trouble
or abnormal aperation.

Replace any defective parts.
Burnish the contacts of all relay springs and of all

relay-type switch springs. Check them for proper
follow in both the operated and non-operated positions,

¢. BENCH TEST.

Replace the dust covers and place the VHF trans-
mitter, receiver and control units in their appropriate
positions on a test bench equipped with Test kEquip-
ment AN/GRM-1 (see Figure 066). Test the trans-
mitter by making the measurements listed in Tables
B and C of Figure 66. Test the receiver by making
the first five measurements listed in Table A of the
same figure. Operate the equipment on all four chan-
nels. Operate the receiver on both AVC and MVC.
Repair or replace any defective compoenents.

Check the tuning of the transmitter and the receiver
by carrying out the procedure given in Section Ii.

d. RE-INSTALLATION AND ANTENNA
MATCHING.

Replace the VHF units in their proper positions in
the aircralt-and reconnect all cords and cables. Be
sure that all plug-locking rings are hand-tight.
Replace all safety wiring,

Match the transmitter output circuit to the antenna

by carrving out the procedure given in Section IL

e. SQUELCH ADJUSTMENT.

The squelch adjustment of the VHF receiver should
he made with the equipment connected to the antenna
and with the main engines of the airplane operating.
With the receiver in the MVC condition, turn the
INCREASE 0OUTPUT knob until the background noise
in the headset is at a high level. Then, go to the AVC
condition and turn the squelch control on the front
of the receiver until the squelch just fails to trip or
trips only oc<‘.asionall}/n on spurts of noise. Check the
adjustment on the three remaining channels and re-
adjust as necessary. Then turn the squelch control
counterclockwise a very slight amount {not more than
5 degrees). This adjustment must be made very care-
fully, since an improperly adjusted squelch circuit can
materially degrade the performance of the receiver,
The output of the LF-MF-HF receivers should be dis-
connected from the TEL circuit while this adjustment
is being made.

In this connection it should be noted that an
improperly shielded ignition system or poor bonding
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is

at any point of the airplane may cause high back-
ground noise.  This high noise level requires that the
squelch be adjusted to a relatively insensitive con-
dition, thus reducing the over-all sensitivity of the
receiver and the operating range. The importance of
proper shielding and bonding cannot be over-empha-
sized,
f. OPERATING CHECK.

Carry out a regular pre-flight check in accordance
with the procedure ocutlined in Paragraph 2 of this
section. '

4. LUBRICATION
a. VHF TRANSMITTER.

The VHF transmitter requires periodic lubrication
of the large gear which forms part of each turret
assembly and of the worm gear on the end of the
tuning motor shaft. These points should receive an
application of grease [AN-G/3A, Beacon M-285,
Roveco 94, or equivalent) at approximately every
20,000 operations of the channel selection mechanism.
The amount of lubricant applied should be just sufi-
clent to cover the gear teeth in each case. Care should
be exercised to prevent any of the grease from getting
on contact springs or other contact-making parts.

All moving parts of the transmitter, other than
those mentioned above, are so lubricated at the time
of manufacture that they should not require further
fubrication during their normal service life.

b. VHF RECEIVER.
The mechanism of the VHE receiver should be

lubricated after cach 20,000 operations {(channel
selections), as follows: )

CApply a small amount of grease (AN-G/3A,
Beacon M-285, Roveo 94, or equivalent) to:

The worm on the end of the motor shaft

The teeth of the tuning gears and the frequency
indicator driving gear on the top of the receiver

The gears within the selector mechanism
Apply a very small amount of oil (AN-Q/4, Univis
34 or equivalent) to:

Al shaft bearings in the selector mechanism
(but not the bearings of the tuning capacitor
shafts)

All cam faces in the selector mechanism
All pawl bearings
Extreme care should be used to avoid excessive oil
or grease which might work its way into contacts.
No lubrication is required at points other than those
listed above.
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5. REPLACEMENT OF SELECTOR 0-101 IN
VHF RECEIVER

It is recommended that, when trouble is experienced
with selector 0-101 (or 0-1014), it be replaced with
selecior 0-102, The steps necessary to do this are
given below:

(1) Remove the top and side covers of the receiver.

(2) Remove screws A and B (Figure 52) from the
bottom and front of the bottom cover plate. This will
allow the {rent end of the bottom plate to pivet about
the rear of the receiver.

(3) Remove screws O (Figure 52) from the lower
part of the front cover and screws D near the top of the
front cover. Remove the dial escutcheon plate.

(4) Siide the front cover forward to clear the an-
tenna jack. Remove the cover and cut the four wires, [T,
connected to the contact springs of the 0-101 selector.
These wires shouid be cut as close as possible to the
spring terminals.

{5) Remove screws I+ (Figure 52) and the front
cover bracket.

{6) Remove screws H (Figure 53) and the cable
clamp. Discard the clamp. Bend the antenna jack,
cable and bracket upward to clear the selector.

(7) Cut the seven wires, I, as close as possible to
their terminating peint (Figure 33) and swing the
cable up out of the way. :

(8) Remove the No. 8 socket head screws L
Remove the old

selector unit.

(9) Remove screws N (Figure 52), releasing the
r-f shield between the selector unit and the r-f unit of
the receiver. Replace with the new r-f shield which is
supplied with the new selector.

{10} Hold the new selector in position and replace

the two socket head screws, L, at the bottom. Do not

turn these serews up all the way; make finger-tight
only. The gears should be so meshed that when the

Ctwo tuning capacitor gears are meshed at the teeth
marked‘‘L-L,” the frequency indicator dial is lined up
with its high-frequency mark {to the right of the 156
me mark) in line with the index line. Also, when the
tuning capacitor gears are meshed at the “H-H”
marks, the frequency scale should be at its lowest
setting.

{11) Before the two socket head screws, M, at the
top of the selector are replaced, care must be taken to
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insure the proper mesh of the selector gear with its
mating gear on the tuning capacitor shaft. The free
portion of the split gear on the selector shouid be
rotated approximately two teeth to provide proper
tension in the anti-backlash spring.

{12) Replace socket head screws M and check for
praper mesh of gears. There should be visible play in
the mesh; this can be checked by rotating the solid
gear of the r-f tuning capacitor shaft while the selector
is locked on one of its channel positions. If noticeable
play is absent, shims should be placed at M between
the selector and the r-f unit shield. If the gear mesh
1s tow loose (less than 30 per cent of tooth engagement),
then screws M should be loosened slightly and the top
of the selector. moved slightly to the left, as viewed
{from the front, until proper gear mesh is obtained.

(13) Replace the antenna jack and cable and se-
cure with the two screws, H, at the side of the selector.

{14) Replace the [ront cover bracket and secure
with screws F, .

{15) Unlace seven-wire cable K; reform.and tape
as shown 1 Figures 53 and 54. Solder wires to the
proper terminals as shown in the wiring diagram of
Figure 70. The terminals of terminal strip E-250 are
numbered consecutively from bottom (terminal 1) to
top {terminal 13).

(16) Unlace four-wire cable E and remove the tape
nearest the cut end of the wires. Hold the front cover
in approximate position and form the cable along the
inside of the flange to terminating points on the termi-
nal strip. Cut the wires to dpproximately the cor-
rect length and relace or retape. Solder to the proper
terminals as shown in the wiring diagram of Figure 70.

{17) Replace the front cover mounting bracket
and the antenna jack bracket. ILeave the mounting
screws for these slightly loose.

{18) Replace the front cover and secure the
seven screws, B and C (Figure 52). Replace the
seven screws, A, which secure the bottom cover plate.

(19} Replace dial escutcheon plate and four
screws D, :

(20) Replace and secure the top cover of the
receiver.

(21} Tighten the screws which secure the front
cover bracket and the antenna jack bracket.

(22) Replace the side covers.
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CABLE CLAMP
(DISCARD)

TERMINATION POINTS
OF 7-WIRE CABLE, K

ANTENNA JACK
- BRACKET

OLD R-F SHIELD
(D1SCARD)

CABLE CLAMP 4-WIRE OLD SELECTOR (C-101)
(DISCARD) CABLE,E (DISCARD)

Figure 53-—Replacement of Selector O-10] {continved)
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ANTENMA JACK © 7-WIRE
= BRACKET CABLE,K

NEW
R-F SHIELD

: ) 4-WIRE NEW SELECTOR
gy V0 CABLE,E {o-102)

7-WIRE
CABLE,K

4-WIRE
CABLE,E

Figure 54—Replacement of Selector O-tus \vontinued)
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6. REPLACEMENT OF TUNING INDUCTORS IN
VHF TRAMSMITTER

The design of ‘the turrets of the VHF transmitter is
such that the tuning inductors can be replaced in case
of damage. The recommended procedure for chang-
ing these coils is outlined in the following paragraphs:

a. FRONT TURRET COILS, L-311A, B, C, D.

To replace a coil in the front turret, first remove
the power amplifier tube, V-304, and then turn the
motor in a counter-clockwise direction until the coil
is in the top position.

Unsolder the ends of the coil from the terminals on
the rear end plate of the turret. Remove the clamping
yoke which holds the coil form in place. Remove the
coif form by lifting it from the slotted rear turret
plate and at the same time withdrawing it from the
hole in the front turret plate. Care must be exercised
to avoid damage to the turret contact springs or the
antenna coupling capacitor.

See that the new coil form has a tuning slug in
place. Transfer the retaining ring from the old coil
form to the new one. Insert the new form in the
turret. Replace the ciamping yoke. Be sure that the
coil form is pushed forward as far as possible and that
the clamping yoke rests in the notch of the cotl form.

Solder the ends of the winding in position.

Check for a minimum of 34 inch clearance between
the coupling loop and the winding of thé coil form and
for a minimum of L inch clearance between the coup-
ling fpop and adjacent loops.

After a coil assembly has been replaced in the front
turret it should be checked for coverage of its fre-
quency band. If it fails to cover the band, the condi-
tion can usually be corrected by carefully changing
the turn separation, i.e., by lengthening or shortening
the coil. See Paragraph 11-b(6) of this section.

b, CENTER TURRET COILS, L-302A, B, C, D
and L-308A- B, C, D.

To replace a coil in the center turret, first remove
all tubes from the transmitter and then turn the motor
in a counter-clockwise direction until the coil is in the
top position and is centered between the two terminal
strips. Remove the two clamping yokes which secure
the coil form to the turret assembly.

Remove the old coil form and replace it with the
new form. Replace the two clamping yokes. Replace
the vacuum tubes.

¢. REAR TURRET COILS, L-303A, B, C, D,
L-304A, B, C, D and L-303A, B, C, D.

To replace one of the coil assemblies of the rear
turret, remove the second harmonic generator tube,

/
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V.303, and then rotate -the motor until the “coi
assembly is centered at the top. Remowve the two
clamping yokes. Remove the old assembly and
replace it with the new. Replace the clamping yokes
and the tube.

7. REPLACEMENT OF VHF TRANSMITTER TURRETS

The following procedures are recommenged for use
when a turret of the VHF transmitter is to be replaced.

a. FRONT TURRET, Z-301.

When a front turret is to be replaced, remove all
vacuum tubes. Unsolder the connection between the
turret and the antenna relay (this requires a scldering
copper with a long, thin tip). Unsolder the two wires
which are connected to capacitors C-329A and
C-320B on the motor. Unsolder the wire which is
brought up through the chassis and connects to
capacitor C-322 in the plate supply lead. Remove
the screw which secures this capacitor to the chassis
and the two screws which . secure the choke coil
assembly, L-309, 1.-310. Remove the three turret
mounting screws. Two of these are located below the

coi} forms; the third is located at the extreme right

front corner of the transmitter chassis and passes
through the motor base.

Remove the flexible shaft extending along the left-
hand side of the chassis by removing the cotter pin
and sliding the collar toward the rear untit free of the
shaft. Remove the turret with the choke coils and
capacitor attached, by slipping it toward the rear. Be
careful not to break the connections to the coil of
antenna relay K-301.

Transfer the motor and the cotl assemblies from the
old to the new turret. Be sure that each coil assembly
is lined up with the proper channel indicator marking
{A, B, ¢ or D} on the disc at the front of the new tur-
ret assembly. Also transfer the choke coils with their
attached resistor and capacitor.

To replace the turret reverse the procedure for
removal. Before replacing the cotter pin in the flexible
shaft align the front and center turrets as explained
below. The original pin probably cannot be reused.
Replace it with a new pin, or if the identical replace-
ment part is not available, with a {5 inch x 14 inch
cotter pin. Form the pin (or cotter pin) so that it does
not foul the chassis.

The new f{ront turret must be so aligned with the
center and rear turrets that the proper coil assemblies
for each channel come into the circuit at the same
time. In the event that there is any question regarding
the frequency range of a given coil assembly (i.e.,
whether it is for channel A, B, C or D) note the
drawing number which is stamped on the form and

RETSRICTED ' 71



Section ¥

Paragraphs 7-8

refer to the Table of Replaceable Parts in this volume.
This table shows, for each such drawing number, the
corresponding frequency range and channel. When
aligning the front turret, see that the tuning controls
for each channel are accessible through the holes in
the front panel of the transmitter,

Check the new front turret contact springs for
proper registration on each channel. There should be
circuit continuity through the springs for ten com-
plete revolutions of the tuning motor before and after
the normal stopping point is reached. If the turret
does not stop properly for this adjustment, remove
the cotter pin and index the front turret without
rotating the center turret until proper alignment is
obtained. Then reinsert the cotter pin through the
six-position coupling by lining up the nearest hole in
the flexibie shaft.

Check the continuity and follow of all spring con-
tacts which connect the various circuit elements in
the turret with the power amplifier, with the antenna
relay and with chassis ground.

b CENTER TURRET, Z-302, AND CRYSTAL
SWITCH, 5-313.

Except in case of emergency, neither a center turret
nor a crystal switch should ever be replaced separately.
These two units are carefully matched and adjusted
to each other in the factory, using tools and methods
which are seldom available in the field. They should,
therefore. be treated as a single assembly; a failure
of either calls for the replacement of both.

To replace a center turret and crystal switch, first -

remove all tubes and crystals from the transmitter,
and then unsolder all external connections to the two
terminal strips on the top of the turret. Unsoider the
connection to plate circuit choke coils L-306 and L.-307.
Unsolder the four white wires connecting the ¢rystal
switch to the erystal socket. Unsolder the white
wire between the switch and the grid terminal of the
oscillator tube socket. Also unsolder the connection
of choke coil L-313. Do not, at this time, remove
the five colar-coded wires from the cable form to the
switch; these have sufficient slack so that they can be
disconnected more conveniently after the turret has
been lifted from the chassis, ‘

Disconnect the shaft coupling on each side of the
center turret. Remove the three screws which secure
the turfet to the chassis and lift the turret and crystal
far enough to give access to the five color-coded men-
tioned in the last paragraph. Unsolder these five wires.

Transfer the coil assemblies from the old to the new
chassis. Reconnect and solder the five color-coded
wires to the new crystal switch. Replace and secure
the new turret and switch assembly. Turn the new
turret rotor until it is aligned mechanically, channel
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for channel, with the front and rear turrets. Recon-
nect the shafting, using temporary pinsin the couplings.

Checle the mechanical alignment several times on
each channel, and change the temporary coupling pins
as necessary until a satisfactory alignment is obtained.
Replace the temporary pins with permanent pins,
making sure that there is no danger of fouling the
chassis. Reconnect and. solder the white wires and
the choke coil to the crystal switch.

Replace tubes and crystal units.

¢. REAR TURRET, Z-303.

When a rear turret is to be replaced, first remove
the harmonic-generator tubes, V-302 and V-303, Un-
solder all external connections to the terminal strip on
the top of the turret. Disconnect the shaft connection
and remove all the threé screws which secure the
turret to the chassis. Remove the turret,

Transfer the coil assemblies from the old to the new
turret. Secure the new turret to the chassis and recon-
nect the wires to the terminal strip. Place the turret
in mechanical alignment with the front and center
turrets, using the same general procedure described
above. Install a permanent coupling pin, being sure
that it'will not foul the chassis.

8. MAINTENANCE OF MOTORS
B-101, B.250 AND B-301

It is expected that the channel switching motors of
the VHF transmitter and receiver will require rela-
tively little maintenance during the service life of the
equipment. °

The bearings are lubricated at the factory with a
grease which meets the standard specification, AN-(G3,
for low temperature operation. It is not expected that
further lubrication will be required during the life of
the motor. Armature end-play is limited by steel
spacing washers or by a spring washer which does not
require adjustment.

Brush replacement is seldom required, and should
be avoided when possible. Experience shows that by
the time the brushes are worn down to their minimum
length (14 inch) the commutator is usually worn out
and the bearings are contaminated by carbon dust.
Under these conditions the recommended practice is
to replace the motor, since any attempt at salvage
will probably cost more than the value of the motor.
However, if unusual conditions make it necessary to
replace brushes, it is essential that they be run in for
a considerable period before the motor is placed in
service in a transmitter or a receiver. The run-in
period will vary from one to twenty-four hours, de-
pending upon conditions and upon the amount of
motor brush noise which can be tolerated in the head-
sets of the radio equipment, This run should be under
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no load or a very light load. Under no circumstances
should the selecting mechanism of the transmitter or
receiver he connected to the motor during this run.

If brushes are removed for examination and are
then replaced, care must be exercised to replace them
in their original positions. This is facilitated by the
fact that the brushes are marked with + and —
symbols {or identification purposes.

Brush pressure is satisfactory i, with the ecap re-
moved from the brush holder and the brush resting
against the commutator, the end of the brush spring
extends at least 3 inch beyond the brush holder. If
this is not the case, the spring should be stretched

slightly.

2. MAINTEMANCE OF RELAYS

All relays are adjusted at the time of manufacture
and should require very little attention aside from an
oceasional burnishing of the contacts. This may be
done with the contact burnishing tool furnished with
Test Equipment AN/GRM-1. If contacts are badly
pitted, they may be smoothed with a very fine file
and then thoroughly burnished. Care should be exer-
cised to prevent any metallic filings from falling into
the apparatus. Abrasive paper or cloth should never
be used on relay contacts; their use is very likely to
lead to premature burning and pitting, with resitltant
service failure. No fubricant of any kind should ever
be used on refavs.

Relay contacts should have adequate separation in
their “open’’ position and substantial follow {to insure
contact pressure under vibration) in their “etosed”
position. When this is not the case, the relay spring
adjusting tools supplied with Test Equipment
AN/GRM-1 may be used to give the springs the
proper set. However, this operation is difficult and
should not be undertaken, except in an emergency, by
an inexperienced person, ;

Relay springs, coils or armatures should not be re-
placed in the field. In case of damage, other than that
which can be remedied by contact burnishing or
spring adjustment, the entire relay should be replaced.

10. GENERAL SERVICING PROCEDURE FOR
VHFE COMPONENTS

Except in an emergency, the servicing procedures
given in this section should be undertaken only by
qualified personnel provided with adequate testing
equipment and tools. An inexperienced man, working
without proper facilities, can easily cause misalign-

‘ment or damage which requires extensive repairs.

1t should be remembered at all times that dangerous
voltages are generated by the transmitter and receilver

dynamotors of this equipment. The formerhas a volt-
age, close to 600 voits, which can readily cause serious
injury or death. The receiver high voltage, about 300
volts, is also dangerous, and uader some conditions
may be fatal. Attention is called to the safety notice
in the front of this volume.

In hunting trouble, the service man should make it
a rule to look for the simple things first. He should
remember that the most common causes of failure are
improper tuning or adjustment, dirty contacts, high-
resistance or ‘‘rosin-soldered” connections, wiring
crosses and short eircuits, and defective vacuum tubes.

The possibility of intermittent troubles should not
be overlooked. Such conditions can often be brought
to light by shaking or jarring the equipment while
making operating checks or voitage and resistance
measurements.

If a fuse blows, or if sparks or smoke is seen, power
should be removed from the unit affected; it should
not be re-connected until an effort has been made to
iocate and clear the source of trouble. In this connec-
tion, visual evidence of everheating, such as charred
or carbonized resistors and wiring, melted wax or filling
compound, etc., is frequently of help. Also, it should
he remembered that a transformer or choke coil which
has been overheated often retains a characteristic odor
for a long time.

In the following instructions, certain values of volt-
age and resistance are specified as typical. Because of
ordinary variations in tube characteristics, resistor
and capacitor values, aging of components, etc., these
values must be taken as merely approximations. They
indicate the general range of voltage and resistance
which may be espected under typical conditions. As
long as the measurements of a particular unit do not
vary widely from the values given, discretion must be
used before assuming that replacement is necessary.

Ordinarily, the existence of trouble is brought to the
attention of the service personne! in one of three ways:
(1) the pilot or operator reports difficuity in operation;
(2) trouble is encountered in the pre-flight check (see
Section V, Paragraph 2); {3} some unusual or irregular
condition is disclosed by the periodic inspection (see
Section V, Paragraph 3). Regardiess of which of these
is the source of the trouble report, an effort shouid be
made to obtain all pertinent information for a clue to
the source of the trouble. Complete and intefligent
trouble reports greatly assist in repair and readjust-
ment, ‘ 4

Ordinarily, the first step in servicing an equipment
reported faulty is to determine the general location of
the trouble, i.e., whether the difficulty lies in the trans-
mitter, the receiver, the chtrol units, the mountings,
the wiring, etc. This is most readily done by a process
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of substitution and comparison. For example, if the
VHE receiver is tnoperative, but other receivers in the
same rack are satisfactory, the VHF unit should be
placed in a stall which normally holds a LE-MF-HF
receiver. I the control unit which controls this stall
is then turned to the cw position, the VHF receiver
should operate. If it does, then the trouble is probably
in the VHF control unit or the wiring to the VHE stall.
If it does not, the trouble is in the VHF receiver itself,
Or, if a VHF receiver known to be in good condition is
available, it may be substituted for the one in question,
and an attempt made to operate it. Similar methods
of substitution and comparison will readily suggest
themselves for the other VHF components.

After the faulty component has been discovered,
further servicing should be carried out with one or

more of the following procedures, depending upon the
nature of the fault and the testing facilities avatlable:

a-—A bench test using Test Equipment
AN/GRM-1

Ir—Volitage and resistance measurements
c— Alignment and sensitivity checks

Details of these procedures are given in subsequent
paragraphs of this section.

After the trouble has been cleared and the unit
reinstalled in the aircraft, the pre-flight check out-
lined in Paragraph 2 of this section should be made.

11. BENCH TESTS WITH TEST EQUIPMENTY AN/GRM-1

Test Equipment AN/GRM-1 simulates a complete
installation of Madel AN/ARC-5 Aircraft Radio
Equipment and casy, therefore, be used to make an
operating test on any component which is suspected
of being faulty. At the same time, it affords means
for measuring certain critical voltages and currents
in the transmitters and receivers. The values of these
voltages and currents, under normal conditions, are
given in the tables on the instruction diagram for the
test equipment, Figure 66. Further details for testing
the VHF receiver and transmitter are given in the
following paragraphs.

a. VHF RECEIVER.

{1} Preparation.

Before a VHF receiver is placed in position for a
bench test with Test Equipment AN/GRM-1, its
vacuum tubes should be checked; or, il no tube
checker or analyzer is available, it should be provided
with a set of tubes which are known to be in good
condition. Tests should be made with both the
regular dynamotor of the receiver and the test equip-
ment dynamotor {or any other Dynamotor *DY-2/
ARR-? which is known to be in good condition),
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As can be seen from Figure 66, the VHF receiver
may be connected to the test equipment in either one
of two ways: by placing it in the receiver rack; by
connecting it to Test Unit [-104-A through cord
CID-527 and cord CIX-706 with its attached adapter,
In the former case, the receiver is operated in'its
normal position; in the latter, it may be turned on its
side or back and the covers removed to give access to
the apparatus within the receiver.

(2) AVC Operation,

Operate the controls to the avc position. The d-c
supply should be adjusted to 28 volts, as indicated by
a meter reading of 56 scale divisions when the meter
switch of Test Unit I-104-A is in position 1. After
approximately 20  seconds the input current, as
measured with the meter switch in position 2, should
be 17 to 25 scale divisions (1.7 to 2.5 amperes). Plate
voltage, switch position 3, should be 48 to 52 divisions
(240 to 260 volts). With the switch in position 3, to
meastre cathode current to the r-f amplifier and the
first i-f amplifier, plus the current through the bleeder
resistor of the gain control line, the meter deflection
should be between 40 and 100 divisions {10 to 25
milliamperes}.

{3) MVC Operation.

Turn the volume control on the test unit to the
limit of its clockwise rotation for maximum volume.
Turn the control switch to the Mvc position, Theread-
ings set forth above should not change appreciably.
Turning the volume control counter-clockwise should
result in a decrease of cathode current approaching a
reading of 4 scale divisions {1 milllampere) as .a
minimuin. ‘

{4) Noise.

Listening tests should be conducted on each of the
four channels in both the AVC and the MVC condi-
tions. If one channel shows appreciably more or less
noise than the others, the tuping adjustment on the
front of the receiver should be varied. If this does
not result in uniform performance, check for a defec-
tive crystal by replacing the regular crystal with one
from the set furnished with the test equipment.

If excessive noise is heard on two or more channels,
it is likely that the dynamotor is at fault. To check
this, replace it with one known to be in good condition.

(3) Rough Operating Check.

A rough check of the operation of the VHF receiver
can be made by operating a transmitter on the fre-
quency to which the receiver is tuned while the receiver
is connected to Test Unit I-104-A and is disconnected
from the normal sidetone circuit. The receiver should
pick up a signal from the transmitter. Since the r-f
input to the receiver under this condition is very high,
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this merely gives a rough check of the functioning of

the receiver; it does not necessarily indicate adequate

sensitivity.

b, VHF TRANSMITTER.
CAUTION

WHEN PUSH BUTTON 4, 8, ¢, p, 20K
3 OF CONTROL UNIT C-30/ARC-5 IS
OPERATED, DANGEROUS VOLTAGES
MAY EXIST IN THE MODULATOR
UNIT AND IN THE TRANSMITTLER.
EXTREME CARE MUST BiE EXER-
CISED TO AVOID CONTACT WITH
THESE VOLTAGES. NEVER TOUCH
ANYTHING IN THE MODULATOR
UNIT OR THE TRANSMITTER WHEN
THE TRANSMITTING DYNAMOTOR
IS RUNNING. REMEMBER THAT
EVEN IF THE MICROPHONE BUTTON
OR THE KEY IS NOT OPERATED,
DANGEROUS VOLTAGES ARE STILL
ON THE CIRCUIT IF THE EMISSION
SELECTOR SWITCH IS IN THE TtoNE
OR cw POSITION.

(1) Preparation.

A VHF transmitter can be connected to Test Equip-
ment AN/GRM-1 by inserting it in position i of the
mounting rack or by connecting it to Test Unit
TS-58 /GRM-1 by means of Cord CX-33/GRM-1 with
its atrached adapter. In the latter case, the trans-
mitter can be turned on its side or back and the covers
removed to give access to the apparatus and wiring.
In either case, the transmitter is alse connected to the
control unit, to Test Unit I-155-A and Antenna A-68-A,
as indicated in Figure 66.

Normaily, the transmitter should be tested with its
own tubes., However, if there is any reason to believe
that one or more of these is defective, tests may be
made with tubes which are known to be satisfactory,
and the results tabulated. Then the original tubes
may be replaced and any difference in performance
noted.  In this way, worn-out or defective tubes may
be culled out even though ne tube checker for the
transmitter tubes is available.

(2Y Voltage, Currvent and Quipul Power Checks.

The supply voltage should be adjusted to approxi-
mately 27 voits, as indicated by a reading of 54 scale
divisions on the meter of Test Unit TS5-58/GRM-1
when the meter switch isin position 1. Screen voltage,
plate voltage, screen current and r-f amplifier plate
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current should be within the limits given in the table
of Figure 66, The r-{ current into the artificial an-
tenna, A-68-A, shouid be approximately 325 milfi-
amperes on all channels. All measurements should be
taken with the transmitter operating in the VOICE
condition. Grid currents, r-f amplifier cathode cur-
rents, supply voltage and plate voltage should all be
within the limits set forth in the table of Figure 66,
when measured with Test Unit I-155-A.

Modulation can be checked by whistling or speaking
into the microphone. The deflection of the meter on
the artificial antenna should increase during modu-
lation.

(3} Channel Selection.

The channel selection mechanism should operate
smoothly and with normal speed. If this is not the
case, the fauit may be due to a defective motor or to
worn or improperly aligned gears. Replace the motor
or the turret which is at fault.

If the motor fails to start, check the voltage appear-
ing on the rerminals at the base of the motor. Voltage
from the vellow lead (field) to chassis ground should
be the same as the d-c supply voltage (normally 27
volts). The black lead (armature) should be at ground
potential when K-304 is in the non-operate position
and should be 27 volts above ground when K.304 s
operated. If the above voltages do not appear, the
fault is probably due to improper operation of relay
K-304. If the voltages at the terminals are normai
but the motor still fails to function, the brushes may
be stuck in their holders, or worn out. If replacement
of the brushes dees not correct the diffiicuity, the
complete motor should be replaced.

"In some cases it may be found that the channel
selection motor does nat stop promptly at the end of
a channel selection, but coasts so far that the circuit
is re-energized through switch S-313. The selecting
mechanism then goes through another revolution, or
aven through several revolutions before coming to a
stop. This is usually caused by the failure of the nor-
mally closed contacts on relay K-304. (See Paragraph
9 of this section for metheds of burnishing relay con-
tacts.) These contacts, when functioning properly.
short circuit the motor armature at the completion of
a selection: this short circuit serves as a dynamic brake
and brings the motor to a comparatively quick stop.

(4) Operation of Relays.
Invert the transmitter and observe the action of
relays K-302, K-303, K-304, I<-305 and K-306. When
supply voltage is applied and the motor is at rest,

K-302, K-303, K-305 and K-306 should he operated:
KK-304 should be non-operated. During channel
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switching while the motor is running, K-304 should
be operated and the others non-operated. When the
channel has been selected K-304 should release, the
remaining relays should operae, and the motor should
Stop.

{8) Trouble Indications on [eters.

The measurements taken with Test Unit [-155-A,
when compared with the normal readings given in the
table of Figure 66, frequently disclose trouble con-
ditions which might otherwise be difficult to trace. A
low (or zero) reading in position 1 may be due to (a)
failure of the crystal unit, (b) faulty operation of the
crystal selector switch, (¢) lack of plate or screen
voltage on the oscillator tube, V-301, (d) a defective
tube, V-301.

A low or zero reading on position 2, 3, 4, or 5 may
be due to a defective vacuum tube, failure of the spring
clips to contact the coil studs or improper tuning of
the preceding stage. If the tube is known to be good
and the voltages on the tube are found normal but
the circuit still fails to tune properly, the fault may be
due to the coil itself in which case the coil assembly
should be replaced.

A zero reading on position 7 indicates an open [use
(R-324 or R-326) or a failure of relay K-302 or 1£-305.
A Jow reading on position 7 indicates either a faulty
dynamotor or excessive plate or screen current drain.
Check the plate and screen current on positions 4 and
5 of Test Unit TS-538/GRM-1. ‘

I the readings observed on Test Units TS-38/GRM-1
and [-155-A are normal bur little or no antenna cur-
rent is indicated on Antenna A-68-A, retune 1.-312,
check the antenna relay (K-301) for continuity and
the anterna coupling circuit (£.-312 and C-323) for
good contact with the springs. Also inspect the two
springs S-314 and 5-315 and be sure that they effec.
tively short-circuit the inactive coils.

(6} Band Coverage.

After a transmitter tube or an r-f tuning coil has
been replaced, it is advisable to check the r-f tuned
circuits for complete coverage of their respective
bands. To check the A channel circuits for such
coverage, insert the I3C-30 Crystal Unit for 100 mega-
cyeles in the A channel crystal socket and tune the
transmitter, Use Indicator I-106-A to verify that the
carrier is at correct frequency. See that normal
indications are obtained on the test units and artificial
antenna of Test Equipment AN/GRM-1. Replace
the 100 megacycle crystal with the 123 megacycle
unit and tune to this carrier frequency. To check
channel B and C circuits {for coverage, use the 123
and 146 megacycle crystal units, For channel D, use
the 132 and 156 megacycle crystals.
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If difhculty is experienced in obtaining complete
coverage of any band, two adjustments are available.
Capacitor C-335 (the two small metal strips connected
across the tuned output circuit of the second harmonic

.generator) can be varied by bending carefully with a

pair of pliers. The inductance of the coils in the tuned
piate circuit of the power amplifier (L-311A, B, C, D)
can be changed by increasing or decreasing their
length, thereby changing the average separation
between turns and the inductance. To do this, un-
solder one end of the coil from its support on the rear
plate of the turret, stretch or compress the coil, and
re-solder to the support.

o

12. D-C VOLTAGE MEASUREMENTS

A systematic measurement of the positive d-¢
voltages existing between the chassis and wvarious
terminals in the receiver and transmitter will fre-
quently facilitate the location of trouble in VHF
equipment. The terminals include those of all
vacuum tube sockets, and also those on terminal
strips in the unit involved. Recommended pro-.
cedures for these measurements are given in the
following paragraphs.

a. VHF RECEIVER.

Voltage measurements on the VHF receiver should
be made with the dynamotor and all vacuum tubes in
place. The controls should be in the Mvc position
and the volume control knob should be turned to its
full clockwise position (maximum volume). All
voltages are to be measured from the terminal involved
to chassis ground. The voltmeter should have a re-
sistance of at least 1,000 ohms per volt (full scale
deflection). The voitages shown at each tube socket
in Figure 81 are those which are obtained when the
receiver is tuned to a crystal controlled channel. The
values which are obtained.when the receiver is not
tuned to a channel are listed in the table of note 5 in
the same figure. Measurements within 420 per cent
of those indicated should be considered satisfactory.
An occasional deviation even greater than this does
not necessarily indicate trouble unless it is accom-
panied by other irregular conditions.

It will be found that some of the terminals of socket
X-101 (tube V-101} are not readily accessible. How-
ever, they can be reached, with a little practice, if a
long insulated probe is used. Terminals 1 and 2 are
strapped together, so a check that either is connected
to ground is ordinarily sufficient. Likewise, terminals

-3 and 5 are connected together through the cathode of

the tube; if it is known that the tube is good, and that
the socket terminals are c¢lean, a check of either 3 or 5
is sufficient.
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b. VHF TRANSMITTER.

CAUTION

VOLTAGES AS HIGH AS 600 VOLTS
ARE EXPOSED. READ THE SAFETY
NOTICE ON PAGE IX.

Voltage measurements on the VHE transmitter
should be made with all tubes in place and with the
transmitter connected to the modulator unit. The
equipment should be operating in the VOICE condi-
tion on a crystal controlled channei. Supply voltage
should be approximately 28, as measured at the bat-
tery {27 volts at the transmitter). All measurements
are to be made between the terminal involved and
chassis ground. The voltmeter should have a resis-
tance of at least 1,000 ohms per volt (full scale deflec-
tion). The voltages to be expected under normal
conditions are shown in the diagram of Figure 82.
Values within 20 per cent of these should be considered
satisfactory. Occasional deviations somewhat greater
than this may be encountered in a transmitter which is
in good condition. They do not necessarily indicate
trouble unless accompanied by other irregular con-
ditions.

13. RESISTANCE MEASUREMENTS

The location of trouble in the VHF receiver and
transmitter is often greatly simplified by the measure-
ment of the resistance from the terminals of tube
sockets and receptacles to the chassis ground. Recom-
mended procedures for making these measurements
are given in the following paragraphs.

a. VAHF RECEIVER,

- Resistance measurements on the VHF receiver
should be made with the unit removed from the rack,
with all cables disconnected, and with the tubes and
dynamotor in place. The squelch control (R-167 or
R-250% should be turned in its maximum clockwise
position. The receiver should be tuned to a channel,
with the corresponding pawl of the selector latched in
place.

Resistance values within &= 20 per cent of those shown
in Figure 83 will ordinarily be obtained, although oc-
casionally a somewhat greater deviation may be found,
These do not necessarily indicate trouble unless they
are accompanied by other evidences of irregularity.

It will e found that some of the terminals of socket
X-101 (tube V-101) are not readily accessible. IHow-
ever, they can be reached, after a little practice, if a
long insulated probe is used. Terminals 1 and 2 are
strapped together at the socket, so a check that either
is connected to ground is ordinarily sufficient. Like-
wise, terminals 3 and 5 are connected through the
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cathode of the tube; if it is known that the tube is in
good condition, and that the socket terminals are
clean, a check of either 3 or 5 is sufficient.

b. VHF TRANSMITTER.

Resistance measurements on the transmitter should
be made with the unit removed from the mounting
rack, with all cables disconnected, and with tubes re-
moved. However, after the tubes have been removed,
the “plug-in” sockets, X-303 and X-304, should be
replaced. Care should be taken to insure that the
plate clips for tubes V-301 and V-302 do not become
grounded during the measurements.

Ordinarily, values within == 20 per ceat of those shown
in Figure 84 will be found. However, an occasional
value outside these limits does not necessarily indicate
trouble unless there are other irregular conditions
present at the same time. '

14. ALIGNMENT AND MEASUREMENTS—
R-F, I-F AND A-F

z. GENERAL.

The adjustments, measurements and tests described
in the following paragraphs of. this section are in-
tended to supplement the more simple procedures
previously outlined; in general, they are used in cases
where a VHF transmitter or receiver has been seriously
damaged and requires.a major overhaul.. They are
also desirable where certain critical parts, which are
likely to change the circuit alignment, have been
replaced. In the case of tube replacement in the
VHF receiver, a re-alignment of the stage or stages
affected should be made «f fully gqualified personnel
and adequate testing equipment are available; otherwise,
it is better to hazard a slight reduction int performance,
rather than to take the chance of serious trouble
which aimost certainly results from “tinkering” by
an unskilled man with inadequate facilities.

The amount and kind of testing equipment re-
quired are discussed in paragraphs la to 1d of this
section. In general, it is necessary to have available
a Test Equipment AN/GRM-1 and a certain amount -
of general purpose testing apparatus.  As explained in
paragraph 1d, the amount and kind of general pur-
pose equipment depends upon the precise nature of
the work undertaken. ‘

b. TEST POINTS AND TEST METER.,

In order to facilitate testing, certain peints mn the
circuit of the VHF receiver have been designated as
“rest point A, “test point B,” etc. These points are
shown as circles in the circuit diagrams (Figures 61,
62, 63 and 64} and in the photographs in Figures 21,
50 and 51.
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Test point A is used to measure the amount of drive
{at the fourth harmonic ol the crystal frequency) on
the grid of the first harmonic generator tube, V-109.
Test point B affords a means of measuring the drive
(at the twelfth harmanic of the crystal frequency) on
the grid of the second harmenic generator tube, V-110.
Test points C and I are both arranged to provide for
measurement of the grid drive on the mixer tube,
V-102. Since the resistance values associated with
points C and D are different (186,000 and 10,000
ohms in the case of C: 100,000 ohms and 10,000 ohms
in the case of D), their sensitivities differ. Either is
used, depending upon conditions, as explained later.

Test points £ and F are connected -across resistor
R-131, which constitutes part of the foad of the diode
detector (V-103). Accordingly, measurements made
between these two points are an indication of the j-f
voltage at the detector.

Measurements in connection with test points A, B,
C, D, E and F can all be made with meter M-600,
which is included in Test Unit I-104-A.  When the
METER sWITCH control of the test unit is turned to
position 6, the meter is connected directly to the two
binding posts marked TEST METER. Flexible leads
terminated in small insulated test clips can be used to
connect these binding posts to the test points, Since
the meter is of high sensitivity (30 microamperes,

full-scale deflection) great care must be used to avoid -

overloading and damaging it. Itisrecommended that,
when not in use, the binding post be short-circuited
in order to provide a damping load which minimizes
the chance of damage {rom mechanical shocks.

15. I-F ALIGNMENT AND MEASUREMENTS
e, EQUIPMENT REQUIRED-

The alignment and measurements of the inter-
mediate-frequency circuits which are described in the
following paragraphs should not be undertaken with-
out suitable testing equipment. This includes: Test
Equipment AN/GRM-1; an output power meter; a
standard signal generator which can be set to 6,900:4-5
kilocycles; a crystal-controlled frequency standard or
calibrator. The last item is not required if the pre-
cision ol the standard signal generator is such that
the frequency limits of =5 kifocycles can be depended
upon. It can also be dispensed with if a VHF trans-
mitter with crystals of suitable frequency is available.
In this event, the transmitter can be used as a fre-
quency standard, aithough at a cost of some loss of
convenience.

b, CALIBRATION OF SIGNAL GENERATOR

FOR 6,000 £5 KC.

The signal generator used for these tests can be cali-
brated by using the i-f amplifier, detector and a-f
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amplifier circuits of Radio Receiver R-28/ARC-5 as
follows: Couple the output of the signal generator to
coil L-104 through a small condenser, 5 to 50 mmf.
Couple the frequency standard, operated on its 100 ke
standard frequency, to the same point through con- -
venient length of leads. With varying outputs of 10
to 1006 microvolts from the signal generator (un-
modulated) tune the signal generator about its indi-
cated 6.9 mc frequency setting until a beat note Is
heard in the output of the VHF receiver. Tune the
generator for zero beat and record the dial setting. At
the same time, check that varying the attenuator on
the output of the signal generator from 10 to 10006
microvolts does not vary the beat note more than ap-
proximately =£35 ke.

I{ no frequency standard is available, a Radio Trans-
mitter T-23/ARC-5 can be used to calibrate the signal
generator, provided crystal units of proper frequency
are available. The transmitter and the receiver should
be tuned to the same channel and the signal generator
coupled to coil L-104 as described above. The signal
generator output is then heterodyned with the signal

" picked up by the receiver and its frequency adjusted

for zero beat.

. INTERMEDIATE-FREQUENCY CIRCUIT
ALIGNMENT. ‘

After the signal generator has been set to 6,900 =
§ ke, as described above, the i-f circuit alignment of
the receiver can be carried out in the following steps:

(1} Remove the two side covers, the r-f shield
over tube V-101, and the snap-on caps of the i-{ filter
units.

{2) Connect the receiver to Test Unit I-104-A by
means of Cord CD-706.

(3) Connect the ungrounded side of the output of
the signal generator directly to the grid (terminal 4)
of V-102. This may be most conveniently accom-
plished by clipping to coil 1.-104 oa the tube side of
the r-f tuning-unit (£-113).

(4) Connect the ground side of the output of the
signal generator to the nearest accessible part of the
chassis.

(5) Connect the output power meter to one of the
headset jacks of Test Unit E-104-A.  Set the input
impedance of the meter to 300 chms,

(6) Turn the INCREASE OUTPUT control on the test
unit to its maximum clockwise position.

(7) Turn the coNTrOL swiTCH of the test unit to
the MVC position.
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(8) Modulate the output of the signal generator
30 per cent at 400 or 1000 cycles per second.

(9) Adjust the output voltage of the signal gen-
erator until the output meter indicates approximately
100 milliwatts.

(10} Align filter Z-106 as follows: Connect the
i-f shunting unit (see Figure 45) from terminal 4 of
V-105 to ground. Adjust the output voltage of the
signal generator to give approximately 10 milliwatts
as read on the output power meter, Adjust the trim-
mer screw marked “P," in the top of the i-f unit, to
give peak power output as indicated on the output
power meter, reducing the signal generator at the same
time to maintain approsimately 10 milliwatts output.
Connect the shunting unit from terminal 8 of V-104 to
ground and repeat the above procedure while adjusting
the trimmer screw marked “(" in the top of the i-f
unit for peak power output.

(11) Align filter Z-105 in a similar manner. While
aligning the primary (screw P) connect the shunting
unit from terminal 4 of V-104 to ground. While align-
ing the secondary {screw G} connect it from terminal 8
of V-103 to ground.

(12} Align filter Z-104 in a similar manner. While

_ aligning the primary (screw P} connect the shunting

unit from terminal 4 of V-103 to ground. While align-
ing the secondary (serew G) connect it from terminal 8
of V-102 to ground.

{13) Replace the snap-on covers of the i-{ filter
units,

(14} Replace other covers unless further tests (see
below) are to be made,

WARNING

In no case should alignment of the i-f stages
be made with a signal input great enough to
cause an a-f output {rom the receiver in ex-
cess of 300 milliwatts or to cause a test meter
reading in excess of 50 scale divisions (25
microamperes) when the meter is connected
between test points £ and F. Signals stronger
than this cause the deiayed automatic gain
control circuit to function, even though the
receiver is being operated in the MVC con-
dition. If, for any reason, the alignment is
carried out with the receiver in the AVC con-
dition, the test meter, connected as above,
must be kept below 15 scale divisions (7.5

microamperes).

Sactien V

Paragraph 15

d. OVER-ALL SENSITIVITY OF [-F
AMPLIFFIER.

After the i-[ circuit has been aligned, its overall
sensitivity can be measured with the following pro-
cedure. The receiver should be connected to the out-
put meter and to Test Unit {-104-A with controls at
Mve and maximum volume output. Meter M-600 of
the test unit should be connected to the binding posts
by the operation of the METER SWITCIE Lo position 6.
The #+" binding post should be connected to test
point £ and the “ -7 binding post connected to test
point ¥. The signal generator should be adjusted to
a frequency of 6,900 %35 k¢, modulated 30 per cent
at 400 or 1,000 cycles per second.

{1) Disconnect the grid (terminal 4} of the mixer
rube {V-102) [rom its input circuit {£-103) and con-
nect it to ground through a small resistor of approxi-
mately 0.5 megohm (value not critical).

(2) Connect the output of the signal generator to
terminal 4 of V-102 and to chassis ground. Adjust
the voltage of the signal generator until the output
meter reads 10 milliwatts (1.7 voltsi. The voltage of
the signal generator, as indicated by its r-f voltmeter,
should be between 10 and 20 microvolts.

e. Sigge-by-Stage Guin of I-F Amplifier.

In order to measure the stage-by-stage gain of the
i-f amplifier, the receiver and testimg equipment
should be connected as described above in connection
with the measurement of the over-all sensitivity. The
following steps should then be carried out.

(1} Connect the grounded output terminal of the
signal generator to the receiver chassis. Connect the
ungrounded terminal through a capacitor of approxi-
mately 0.001 mid (value not critical) to the grid of
the first i-f amplifier tube (terminal 4 of V-103). Vary
the output voltage of the signal generator until the
a-f output of the receiver, as measured by the output”’
meter, i1s 10 milliwatts. The test meter of Test Unit
[-104-A should read between 12 and 16 scale divisions
(6 to & microamperes). The r-f voitmeter of the signal
generator should read between 600 and 1200 micro-
volts. .

(2) Repeat the procedure just described, con-
necting the signal generator to the grid of the second
i-f amplifier tube {terminal 4 of V-104). The signal
generator r-f voltage required to produce a test meter
deflection of 12 to 16 divisions and an a-f output of
10 milliwatts should be between 34,000 and 68,000
microvolts.

f. BAND WIDTH OF L.LF AMPLIFIER.

An over-all check of the performance of the i-f
amplifier can be obtained by measuring the band
width, or the relative sensitivity at differeat frequencies
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close to the midband frequency {6,900 ke). To do this,
- proceed as follows:

{1) Determine, as in paragraph 15d of this
section, the signal voltage which, at 6,900 45 ke,
modulated 30 per cent at 400 cps, will cause an a-f
output from the receiver of 10 milliwatts. This is a
measure of the mid-band senstitivity.

{2) Increase the signal voltage to twice the value
just determined. Tune the signal generator to the
frequency below 6,900 ko which causes the a-f cutput
to again become 10 milliwaits. Do the same thing
above 6,900 ke. The difference hetween the two
frequencies so determined should be 140 10 kc.
The sensitivity of the i-f amplifier is down 6 db at
these frequencies.

{3) Increase the signal voltage to 1,000 timeés the
value determined in (1), above. Determine the fre-
quencies, above and below 6,900 ke, at which this
signal causes an a-f output of 10 milliwatts. The differ-
ence between these twa {requencies should be 400 &
50 ke. The sensitivity of the i-f amplifier is down
60 db at these frequencies.

(4) The arithmetic average of the two frequencies
determined in {2), ahove, should be 6,900 -£10 kc.

{5) Adjust the signal generator voltage to tlhe
value determined in (1}, above. Tune the generator
to the frequency which gives maximum a-f output.
Reduce the output voltage of the generator until an
a-f output of 10 milliwatis is again obtained. The
ratic of this voltage to that determined in (1) shouid
be not less than 0.7.

6. A-F MEASUREMENTS
a. EQUIPMENT REQUIRED.

The equipment required to carry out the audio-
frequency measurements described in the following
paragraphs is the same as that listed above in para-
graph 15a of this section.

b. AUDIO-FREQUENCY GAIN.

To check the gain of the a-f amplifier stages, pro-
ceed as follows: ,

{1) With the signal generator adjusted to 6,900
+5 ke modulated 30 per cent at 400 or 1,000 cycles per
second, connect its grounded terminal to the receiver
chassis. Connect its ungrounded terminal through a
capacitor of approximately 0.001 mfd (value not
critical) to the grid of the second i-f amplifier tube
(rerminal 4 of V-104). '

(2) Connect the test meter of Test Unit I-104-A

to test points I and F of the receiver. Connect the
a-f output meter to the headset jack on the test unit.
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{3} Vary the cutput r-f voitage of the signal gesn-
erator until the a-f output of the receiver, as measured
by the output meter, is 10 milliwatts. The test meter
deflection should be between 12 and 16 scale divisions
{6 to 8 micreamperes).

c. AUDIO FREQUENCY POWER OUTPUT.

To measure the power output of the a-f amplifier
stages, proceed as follows:

{1) Connect the signal generator, test meter and
output meter as in the preceding test. Adjust the
signal generator {or an output of 6,900 45 ke, modu-
lated 30 per cent at 400 or 1,000 cvcles per second.

(2) Adjust the signal generator voltage to give a
reading of 100 scale divisions (30 microamperes) on
the test meter, The a-[ output, measured by the out-
put meter, should be at least 450 milliwatts. This
value should be obtained on both MVC and AVC.

d. SQUELCH ADJUSTMENT RANGE.

To measure the range of adjustment of the squelch
circuit, proceed as follows:

(1} Connect the receiver to Test Unit I-104-A and
to the a-f ourput meter. Turn the CONTROL SWITCH
of the test unit to the avc position. Turn the IN-
CREASE OUTPUT control to its maximum clockwise
position. .

(2} Adjust the signal generator for an output of
6,900 £5 ke, modulated 30 per cent at 400 or 1,000 cps.

‘Connect the grounded terminal of the signal generator

to the receiver chassis and the ungrounded terminal to
the grid of the mixer tube (terminal 4 of V-102).

(3) Turn the squelch adjustment of the re-
ceiver to its maximum clockwise position.

(4) Adjust the voltage of the signal generator.
until the a-f cutput meter reads 10 milliwatts. Note
this voltage, as indicated by the r-f voltmeter of the
signal generator.

(3) Reduce the r-f voltage to one hall the value
noted above. Some a-f output should still be present.

{6) Turn the squelch control in a counter-clock-

~ wise direction until the a-f output just disappears.

(7) Slowly increase the voltage of the signal gen-
erator and notice that the a-{f output of the recetver
increases rapidly. When the r-f voltage noted in {4},
above, 1s reached, the output should be back to sub-
stantially 10 miliwatts.

{8} Turn the squelch control to its maximum
counter-clockwise position. Increase the r-f signal
voltage until approximately 10 milliwatts a-f outpug
is again obtained. The signal voltage, as indicated by
the signal generator r-I voltmeter, should be at least
six times the value noted in (4}, above.
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17. R-F ALIGMNMENT AND MEASUREMENTS Steps Operalion
a. EQUIPMENT REQUIRED. (3) to (&) Adjust the coils of the r-f amplifier stage

The alignment and measurement procedures de-
scribed in the following paragraphs require the use of
suitable testing equipment. They should never be
undertaken without adequate facilities in respect of
test sets, meters and tools. A test bench with Test
Fquipment AN/GRM-1 or its equivalent is essential.
A standard signal generator, with the characteristics
described in Paragraph 1d(4) of this section, is also
Necessary.

b, TEST POINTS C AND D.

In the procedures given in the following paragraphs,
it is sometimes specified that a measurement is to be
made at etther test point C or test point’ D, In these
cases, point C should always be tried first and then, if
it is found that a satisfactory meter reading cannot be
obtained, test point D should be used. In this con-
nection, it must be remembered that the stud just
above D carries positive plate potential; accidental
contact between this stud and the lead to the test
meter will almost certainly destroy the-meter. At the
time of manufacture the stud is covered with varnished
tubing. ¥ this tubing becomes detached it should be
replaced before any tests are made,

In some cases it may be found that a usable reading
cannot be obtained with the test meter connected to
either test point C or test point D. In such cases,
remove the screen potential from the mixer tube,
V-.102, by unsoldering one lead of the 39,000-ohm
resistor (R-110) which is connected between terminal
6 of the tube socket and the adjacent stand-off
terminal. The removal of screen potential reduces the
plate current of the tube to a very small value, thereby
removing approximately 2 volts of cathode bias which
normally cpposes current flow in the test meter.

¢. RADIO-FREQUENCY CIRCUIT ALIGN-
MENT.

The purpose of the following procedure is to adjust
runed circuits Z+101, Z2-102, Z-103 and Z-107 to Z-112,
inclusive, so that they are resonant at the proper
frequencies throughout the entire tuning range of the
receiver, 100 to 156 megacycles.

It will be seen that the r-f circuit alignment pro-
cedure is given in sixty-seven successive steps, desig-
nated (1) to (67), inclusive. The general sequence of
operations is:

Steps Operation
(1} to (4) Adjust the coils of the harmonic gen-
‘ erator stages on channel A (signal fre-
quency, 104 mc). ‘

on channel A,

(9) to {23)  Trim the capacitors and coils of the har-
monic generator stages on channel D
{signal frequency, 156 mc).

(24) to {31) Trim the capacitors and coils of the r-f
amplifier stage on channel D,

(32) to (34) Trim the final tuned circuit of the har-
monic generator stages, and, if neces-
sary, the final tuned circuit of the r-f
amplifier stage, on channel D.

{35) to (49) Re-trim the coils and capacitors of the
harmonic generator stages on channel A.

(50} to (537) Re-trim the coils and capacitors of the
r-f amplifier stage on channel A.

(58) to (60) Re-trim the final tuned circuit of the

' - harmonic generator stage, and, if neces-
sary, the final tuned circuit of the r-f
amplifier stage, on channel A,

{61) Repeat previous steps, as required, until
all tuned circuits track, within == 5 per
cent, on channel A and channel 1.

(62) to (63) Make final trimmning adjustments of the
first four harmonic generator tuned
circuits on channel C (144 mc). -

(66)and{67) Check setting of frequency dial on
channel B (120 mc) and channel C
(144 mc).

Before starting the r-f alignment, remove the dust
cover and r-f shield on the tube side of the receiver.
Connect the receiver to Test Unit [-104-A. Set the
CONTROL swITcH of the test unit to Mvc, the METER
SWITCH to position 3, the INCREASE OUTPUT control to
its maximum clockwise position, and the CHANNEL
SELECTOR to position A. Connect the TEST METER
binding posts to flexible leads which are terminated
in small insulated test clips. Connect the r-f signal
generator through Antenna TS-79/U or its equivalent
{a 50-ohm non-inductive resistor} to the antenna jack
on the face of the receiver. Insert Crystal Units DC-31
in the crystal sockets of the receiver as follows:

Channel A Crystal frequency, 4045.833 kc; Signal
frequency, 104 mc.

Channel B Crystal {requency, 4712.500 ke; Signal
frequency, 120 mc. :

Channel C Crystal frequency, 5712.500 kc; Signal
frequency, 144 me.

7

Channel D Crystal frequency, 6212.500 ke; Signal
frequency, 156 mc.
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If any of the r-f tuned circuit units (Z2-101, Z-102,
etc.) have been replaced, set their trimming capacitors
and coil tuning slugs in approximately the same posi-
tions as those of the replaced units or of the old units
which remain in the receiver.

Set the cams of the tuning selector so that when it
is operated to channel A, the frequency dial on the
face of the receiver reads exactly 104 mc; also, so that
on channel ), it reads exactly 156 mc. Operate the
selector electrically several times after these adjust-
menis to check that the frequency indications are
correct.

Proceed with the r-f circuit alignment as follows:

" (1) Connect the positive lead from the test meter
to the receiver chassis and the negative lead to test
point A.

{2) Operate the receiver on channel A and adjust
the tuning slugs of coils L-111 and L-112 for peak
deflections of the test meter.

(3) Connect the negative meter lead to test
point B and adjust coils L-113 and L-113 for peak
meter readings.

(4) Connect the negative meter lead to test
point C and adjust coils L-117 and L-118 for peak
meter reading. If a usable reading cannot be obtained,
shift to test point D. (Be careful of the high voltage
on the adjacent stud.)

{5) Connect the positive test meter lead to test
point I2 and the negative lead to test point F.

(6) Adiust the signal generator to produce an
unmodulated signal of approximately 0.1 wvolt at
104 me.

(7} Slowly rock the frequency dial of the signal
generator about its 104 mc point, meanwhile observing
the test meter. Tune for peak reading of the test
meter, reducing the signal voltage as necessary to
keep the test meter reading at or below 20 scale
divisions. Leave the frequency of the generator at
the point of peak meter reading.

(8) Adjust coils L-101, L-102 and L-103 for peak
readings of the test meter. Reduce the signal voltage
as necessary to keep the meter deflections at or below
20 scale divisions, (If the signal generator frequency
varies with the setting of its output attenuator, it may
be necessary to retune the generator during this
procedure.)

{9) Operate the CHANNEL SELECTOR switch of the
test unit to channel I3. Connect the positive test
meter lead to the receiver chassis and the negative lead
to test point A.
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{10) Note the reading of the test meter and then
adjust trimmer capacitor (C-166 for peak reading. If
this peak reading is only slightly greater than the pre-
vicusly noted reading, let the trimmer remain in posi-
tion. If the peak is more than about 10 per cent above
the previously noted reading, continue rotation of
the trimmer in the same direction until the meter reads
about hall-way between its initial and peak values,

(11) Trim coil L-111 for peak meter reading.

{12y Adjust trimmer capacitor £-170. Use the
method given in step (10}, above.

(13) Trim coil L.-112 for peak meter reading.

{14) Connect the negative test meter lead to test
point B.

(15) Adjust trimmer capacitor C-175. Use the
method given in step (10). '

{16) Trim coil L-113 for peak meter reading.

(17) Adjust trimmer capacitor C-179. Use the
method given in step (10).

{18} Trim coil L-113 for peak meter reading.

(19) Connect the negative test meter lead to test
point C or point D.

(20) Adjust trimmer capacitor C-185. Use the
method given in step (10).

{21) Trim coil L-117 for peak meter reading.

{22) Adjust trimmer capacitor C-189. Use the
method given in step (10).

{23} Trim coil 1.-118 for peak meter reading.

{24) Connect the positive test meter lead to test
point E and the negative lead to point IF.

(25) S]o*@vly vary the frequency dial of the signal
generator about its 156 me point, meanwhile observing
the test meter. Tune for peak reading of the test
meter, reducing the signal voltage as netessary to keep
the test meter reading at or below 20 scale divisions.
Leave the frequency of the signal generator at the
point of peak meter reading.

(26) Adjust trimmer capacitor C-103. Use the
method given in step {10).

{27) Trim coil L-101 for peak meter reading.

{28} Adjust trimmer capacitor C-111. Use the
method given in step (10).

{29} Trim coil L-102 for peak meter reading.

(30) Adjust trimmer capacitor C-113. Use the
method given in step (10).

(31) Trim coil L-103 for peak meter reading.
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(32) Connect the positive test meter lead to the
receiver chassis and the negative lead to lest point

CorD.

(33) Adjust trimmer capacitor C-189 for peak
test meter reading.

(34) I the peak meter reading found in step (33) is
more than 10 per cent greater than the initial reading,
connect the test meter Jeads to points F and ¥ and ad-
just trimmer capacitor C-115 for peak meter reading,

(35) Operate the CHANNEL SELECTOR switch of .

the test unit to channel A. Connect the positive test
meter lead to the receiver chassis and the negative lead
to test point A.

(36} Note the meter reading and then adjust coil
L.-111 for peak meter reading. If this peak is only
slightly greater than the previously noted reading, let
the coil adjustment alone. Il the peak is more than
about 10 per cent above the previously noted reading,
continue rotation of the coil adjustment screw in lhe
same direction until the meter reads about hall-way be-
tween the initial and the peak values.

(37} Trim capacitor C-166 {or peak meter reading.

(38} Trim coil L-112.
{36), above.

(39) Trim
reading.

Use the method of step

capacitor C-170 for peak meter

(40} Connect the negative test meter lead to test
point B,

(41) Trim coil L-113. Use the method of step

(36).

(42} Trim capacitor C-175 for peak meter
reading.

{43 Trim coil L-115, Use the method of step
(36).

{44) Trim capacitor C-17% for peak meter
reading.

(45) Connect the negative test meter lead to test
point C or D,

(46) Trim coil L-117. Use the method of step

(36).

(47 Trim capacitor (C-183 for peak meter
reading.

-{48) Trim coil L-118. Use the method of step
(36).

(49) Trim capacitor (C-180 for peak meter
reading.

(50) Connect the positive test meter lead to test
point I and the negative tead to point F.
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(51} Adjust the signal generator for an output
voltage of about 0.1 velt. Slowly rock its frequency
dial about the 104 mc point, meanwhile observing the
test meter. Tune for a peak reading of the test meter,
reducing the signal voltage as necessary to keep the
reading at or bclow 20 scale divisions. Leave the
frequency of the signal generator at the point of peak
test meter reading.

" {52) Trim coil L-101.
{36).

(53} Trim capacitor C-103 for peak test meter
reading.

{54) Trim coil L-102,
(36).

(85) Trim capacitor C-111 for peak meter
reading.

(56) Trim coil L-103.
(36).

(577 Trim
reading.

Use the method of step

Use the nethod of step

Use the method of step

capacitor -115 for peak meter
(58) Connect the positive test meter lead to the
receiver chassis and the negative lead to test point

C or D. _
(59) Trim coil L.-118 for peak test meter reading.

(60) If the peak meter reading found in step (59)
is more than 10 per cent greater than the nitial
reading, connect the test meter leads to test points E
and F and trim ceil L-103 for peak meter reading.

{61) Repeat any or all of steps (9) to {60), inclu-
sive, as necessary, until all tuned circuits track within
5 per cent at signal frequencies of 104 and 156 mega-
cycles.

{62) Connect the positive lead from the test meter
to the chassis and the negative lead to test point A,
Carefully tune the receiver to channe! C (144 mc}.

(63) Trim capacitors C-166 and C-170 for peak
meter readings.

{64) With the receiver still tuned to channel C,
connect the negative test lead to point B.

(65} Trim capacitors C-175 and C-179 for peak
meter readings.

(66) Tune the receiver to channet B {120 mc).
The frequency dial on the face of the receiver should
indicate approximately 120.

{(67) Tune the receiver to channel C (144 mc).
The frequency dial on the face of the receiver should
indicate approximately 144,

The radio-{reguency tuned circuits of the receiver are

now aligned.

,
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d. HARMONIC GENERATOR DRIVE
MEASUREMENTS.

After the radio-frequency tuned circuits have been
aligned, the drive of the harmonic generator stages
should be checked. To do this, connect the receiver to
Test Unit [-104-A, as before, and tune it to each of the
four crystal-controlled channels {104 mc, 120 me, 144
me and 156 mc). The signal generator is not used.
Proceed as follows: ‘

(1} Connect the positive test meter lead to the
receiver chassis and the negative lead to test point A.

{2) Operate the receiver to channel A and observe
the test meter reading. Do the same on channels
B, Cand . In each case the meter reading should be
at least 28 scale divisions.

(3) Connect the negative test meter lead to test
point B.

{4} Observe the meter reading on each of the four
channels. It should be, in each case, at least 20 scale
divisions.

(5} Remove the screen potential from the mixer
tube, V-102, by unsoldering one lead of resistor R-110,
which is connected between terminal 6 of the tube
socket and the adjacent stand-off terminai.

(6) Connect the negative test meter lead to test
point D.

(7) Observe the meter reading on each of the four
channels, It should be, in each case, at least 18 scale
divisions.

e. R-F AMPLIFIER GAIN MEASUREMENTS,

To measure the gain of the r-f amplifier stage, con-
nect the receiver to Test Unit I-104-4, as before; also,
connect it to the r-f signal generator through artificial
antenna TS-79/U or its equivalent (a 50-ohm non-
inductive resistor}. Remove the four Crystal Units
DC-31 [rom the receiver. Then proceed as follows:

{1) Remove screen potential from the grid of the
mixer tube, V-102, by unsoldering one lead of resistor
R-110.

(2) Connect the positive test meter lead to the
receiver chassis and the negative lead to test point D,

(3) Turn the frequency dia! of the receiver to the
104 mc point.

{4) Adjust the signai generator to an output of
0.1 volt, 104 me, unmodulated. Rock the frequency
control of the generator about the 104 mark, untl a
peak reading is observed on the test meter. This
reading should be at least 9 scale divisions if the gain
of the r-f amplifier is satisfactory.
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(5) Repeatsteps {3) and (4), using 156 mc instead
of 104 mc. The meter reading should be at least
9 scale divisions.

{6) Replace the four crystal units-and reconnect
resistor R-110,

18. OVER-ALL RECEIVER MEASUREMENTS

a. EQUIPMENT REQUIRED.

In order to carry out the over-all tests of the VHF
receiver which are described in the following para-
graphs, it is necessary to have a test bench equipped
with a Test Fquipment AN/GRM-1, an audio-fre-
quency output power meter {see paragraph 1d {2} of
this section), and an r-f standard signal generator (see
paragraph 1d {4) of this section). If the tests are to
include one for over-all sensitivity, it is essential that
the signal generator be capable of modulation at 30
per cent, 400 or 1,000 cycles per second, with negligible
frequency modulation. '

b, RECEIVER NOISE LEVEL CHECK.
To check the receiver noise level, proceed as follows:

(1) Connect the receiver to the Test Unit I-104-A
and to the output power meter.

(2) Insert an artificial antenna, TS-79/U, or its
equivalent (a 50-ohm non-inductive resistor) in the
antenna jack of the receiver. Short-circuit the arti-
ficial antenna with a short piece of wire at least as
large as 20 gauge.

(3) Operate the receiver on any crystal-controlled
channel in the MVC condition. :

(4) Turn the INCREASE OUTPUT control to its
extreme clockwise position and read the output meter.
The reading should not exceed two milliwatts (0.77
volt). '

(5) Turn the INCREASE OUTPUT control to’ its
extreme counter-clockwise position and read the out-
put meter, The reading-should not exceed 30 micro-
watts (0.039 volt).

¢. AUTOMATIC VOLUME CONTROL
MEASUREMENT.
To measure the automatic volume control character-
istic, proceed as follows:

(13 Connect the receiver to Test Unit I-104-A and
te the output power meter. - Also connect it, through
the artificial antenna, TS-79/U or its equivalent, to
the r-f signal generator.

(2) Operate the receiver on any crystal-controlled
changnel in the AVC condition.

{3) Adjust the signal generator for an output of
1,000 microvolts, modulated 30 per cent at 400 or 1,000
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cps, at the receiver frequency.  Tune it carefully to
the recetver.

(4) Adjust the iNCREASE oUTPUT control of the
test unit until the output of the receiver is 100 milli-
watts (5.5 volts across 300 ohms).

(5) Increase the voltage of the signal generator to
0.1 volt. The output of the receiver should be between
100 and 354 milliwatts (3.5 and 10.3 volts).

(6) Reduce the voltage of the signal generator to
20 microvolts. The output of the receiver should be at
feast 22.5 milliwatts and not more than 100 milliwatts
(2.6 to 5.5 volts across 300 chms).

d. OVER-ALL SENSITIVITY MEASURE-
MENT.

As mentioned previously, the precise measurement
of the over-all receiver sensitivity requires the use of a
signal generator which can be modulated 30 per cent
with practically no frequency modulation. Even a slight
amount of frequency modulation will result in serious
error and misleading results. If there is any doubt
about the signal generator, it is recommended that a
rough qualitative check of sensitivity be made as
follows (this assunres that the i-f and r-[ stages have
been properly aligned and that the i-f response is
known to be satisfactory):

{1) Operate the receiver in the MVC condition
with the INCREASE OUTPUT control adjusted for maxi-
mum voiume. Do not have anything attached to the
antenna jack.

(2} Tune the receiver through crystal-controlled
channel A (104 mc) by operating the frequency dial on
the face. There should be a noticeable increase in
hackeground noise as the dial is moved past the 104
point.

(3) Repeat step (2} on channel B (120 mc),
channel C (144 mc) and channel D (156 mc). The
same result should be obtained on each channel.

If it is known that the signal generator can be modu-
lated with negligible frequency modulation; the over-
all sensitivity can be measured as follows:

Section ¥

Paragraphs 18-19

(1) Connect the receiver to Test Unit I-104-A
and to the output power meter. Also connect it,
through the artificial antenna, TS-79-U or its equiva-
lent, to the signal generator.

(2) Operate the receiver on crystal-controlled
channel A {104 mc) in the MVC condition, with the
INCREASE OUTPUT control set for maximum audio
output.

{3) Adjust the signal generator for an output of
104 mc modutated 30 per cent at 400 or 1,000 cps. Care-
fully tune the frequency of the generator about its
104 calibration point until a peak reading is obtained
on the output meter.

{4} Vary the voltage of the signal generator until
the a-f cutput of the receiver is 10 milliwatts. The
voitage of the signal required to produce this output
should not be more than 10 microvolts,

(5) Repeat steps (2), (3) and (4) on channel B
(120 mc), channel C (144 mc) and channel D {156 mc).
In each case the signal voltage required to obtain an
a-f output of 10 milliwatts should be 10 microvolts or
less.

19. OTHER TESTS AND MEASUREMENTS

1n addition to the tests and measurements described
in the preceding paragraphs, there are a number of
procedures which can be used in checking the per-
formance of the VHF components. However, many
of them require apparatus and techniques which are
seldom available for field maintenance and 4are of
doubtful value in connection with practical servicing.
Therefore, the detailed methods involved are not
given in this text. Some of the requirements are in-

. cluded.in the tables of supplementary data in Section

VI. In this connection it should be pointed out that
these requirements are intended to apply at the time
of manufacture; they do not necessarily apply, in all
particulars, to equipment which has been in service,
and which has been subjected to the deterioration
which results from wear and tear, shipping, handling,
operation, etc.
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SECTION VI—SUPPLEMENTARY DATA

AUDIO-FREQUENCY RESPONSE CHARACTERISTICS

The audio-frequency response characteristics (fidelity) of the VHF receiver should be tested under the

following conditions:

Input:
Modulation:
Volume Control:
Reference Level:
Load Impedance:

The response characteristics should then be within the following limits:

400 cps: 50 milliwatts (3.87 voits).
90 cps: greater than 10 milliwatts (1.73 volts).
3500 cps: greater than 18 milliwatts (2.32 volts).
6000 cps: less than 12.5 milliwatts (1.94 volts).

TABLE 1

100 microvolts

30 per cent

Retarded to limit the output to S0 milliwatts when using 400-cycle modulation.
50 milliwatts (3.87 volts} when using 400-cycle modulation.

300 ohms, resistive.

The frequency of the carrier transmitted by the VHF transmitter does not deviate more than 0.029
from the assigned frequency under any condition likely to be encountered in service.

include ambient temperatures from - 30 to 40 degrees Centigrade.
 The resonant frequency of the VHF receiver does not deviate more than 0.04%, from the assigned

frequency under any condition likely to be encountered in service,

TABLE 2
FREQUENCY STABILITY DATA

These conditions

TABLE 3
AUDIO-FREQUENCY OUTPUT POWER g

The receiver is capable of delivering the power indicated below into a 300-ohm resistive load under the
conditions of input signal and operation shown in the table below, when operated at maximum sensitivity
and audio gain, at any frequency between 100 and 156 megacycles:

Condition Signal
of Input, Modulation Outpul
Operation Microvolts Percentage Frequency Milliwatis Volis
MVC 100 309, 400 cps 340 10.10
MVC 108,000 309, 400 cps 450 11.62
AVC 1,000 309, 400 cps 150 6.71

On MVC, at one-tenth normal sensitivity, or on AVC at normal sensitivity, and with the standard input
signal adjusted for 150 milliwatts (6.71 volts) the total harmonic distortion in the audio-frequency output

of the receiver does not exceed 15 per cent.
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TABLE 4
VACUUM TUBE DATA
VALUES SHOWN ARE CHARACTERISTIC RATINGS FOR THE TYPE OF TUBE; THEY
ARE NOT NECESSARILY THE VALUES AT WHICH THE TUBES ARE OPERATED
IN THE EQUIPMENT ‘
|.
JAN- 7174 128H7 (1285L7GT | 1246% 1625 8324
T'YPE
VT- 269 288 289 134 136 286
V-101 V-103 V105 V-107 | V-301 V.-303
CIRCUIT REFERENCE V102 V-104 V-106 ‘ V-302 V-304
SYMBOL V-109 V-108 '
V-110
Heater Volts 6.3 L 12.6 12.6 12.6 12.6 12.6
Heater Amp. 0.160 | 0138 | 0.138| 0138 | 0405 0.72
to 0.190 | to 0.162 | to 0.162 | to 0.162 | to 0.495 | to (.88
Control Grid Volts -2 -1 —2 —12.5 wn 20 — 35
Plate Volts 120 250 250 250 600 250
Screen Volts 120 150 250 300 - 250
Plate Milliamps. C 30 82 *14 22 241 0718
to 12.0 to 13.4 to 3.2 to 38 to 48 to 42
Screen Milliamps. - 0.8 2.0 — 1.0 0 70
to 4.0 to 6.0 to 6.0 to 3.5 - to 5.5
Transconductance—Micromhos 2700 3920 **1200 | 2200
to 5200 | to 58801 to 2000 | to 3800
Emission, Minimum, Milliamps. 120 | - 1195 | FETR40 | 111168 §300 |. [I1§§80
*Or 12A6-GT. t1#t Ep = Eg = Eg = 430 volts,
#* Test each unit separately. §Ep = Eg = B, = +50 volts,
fEp = Eg = Eeg = 10 volts, §§ K, = Egp = Ea = +215 volts,
t+Ey = Eg = Egg = +20 volts. [} Test each unit separatety. Control grid not under
H1Ep = Ee = -+30 volts, test shall be connected to —100 volts.
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TABLE 5
TABLE OF REPLACEABLE PARTS
| Fer
MODEL AN/ARC-5
AIRCRAFY RADIO EQUIPMENT
VHF COMPONENTS

NOTES

1.

This Table does not contain a complete list of components of Model AN/ARC-5
Aircra{t Radio Equipment but covers only those components furnished on
Contract NXsa-40001 and which differ from the LF, MF and HF components
of Model AN/ARC-5 Aircraft Radio Equipment. The principal components
of the latter equipment are covered in Volume 1. -

Four-digit drawing numbers shown in the column headed DRAWING OR
SPEC NO. of this Table are Western [Zlectric Co. drawing numbers. Com-
ponents covered by these drawings are, in general, interchangeable with, but
may not be identical to components covered by drawings of the same number
manufactured by the Aircraft Radio Corp. Drawings of the two manufac-
turers may be distinguished from each other by the name and address of
the manufacturer which appears in the title box of each drawing.

The sign #, when shown in the second column of this Table, indicates that

the part is not included in the Spare Parts List for components furnished on
U. 8. Navy Contract NXsa-40001.
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Code Letiers

AR
AEROVOX
ALLEN
ALLIED
AMPHENOL
ARC

ARH
BRISTOL
BUD
BUSSMAN
CCCo

cDh

CENT

CH

CINCH
CLARE
CONT
CROWE
D7US
EASTMAN
EDWARDS
EL-MENCO
ERIE .

GE

GICO
GOODELL
GROOV
HAM
HANSON
HICKOK
INJECTION
INSULINE
ISOLANTITE
IRC

K-K
LITTELFUSE
MALLORY
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Saciion VI
Table 7

TABLE ?’——-iDENTiFiCA?ION OF MANUFACTURERS

Name of Manufacturer

Atllen-Bradley Co.

Aerovox Corp.

Allen Manufacturing Co.
Allied Control Co,

American Phenolic Corp.
Aircraft Radio Corp.

American Radio Hardware Co.
Bristo! Co. -

Bud Radio Co.

Bussman Manufacturing Co.
Continental Carbon, Inc.
Cornell Dubilier Corp.
Centralab, Div. of Globe Union, Inc.
Cutler-Hammer, Inc. ’
Cinch Manufacturing Co.

C. P. Clare Co.

Continental Electric Co.

Crowe Nameplate & Mfg. Co.
Dzus Fastener Co.

FEastmen Kodak Co.

Edwards Co.

Electro-Motive Mig. Co.

Erte Resistor Corp.

General Electric Co.

General Instrument Co.
Goodell Pratt Co.

Groov-Pin Corp.

Hammarlund Mig. Co.
Hanson, Einar, B.

Hickok Electric Instrument Co.
Injection Molding Corp.
Insuline Corp. of America
Isolantite, Inc.

International Resistance Corp.
Kurz-Kasch

Littelfuse Laboratories
Mallory, P. R. Co., Inc.

RESTRICTED

Address

118 W. Greenfield Ave., Milwaukee, Wis.
742 Belleville Ave., New Bedford, Mass.
133 Sheldon St., Hartford, Conn.

2 East End Ave., New York, N. Y.

1830 S. 54th 5t., Chicago, L

Boonton, N. J. .

476 Broadway, New York, N. Y.

117 Bristol Road, Waterbury, Conn.
5205 Cedar Ave., Cleveland, Ohio

2538 W. University Ave., St. Louis, Mo.
13900 Lorain Ave., Cleveland, Ohio
1000 Hamilton Blvd., So. Plainfield, N. J.
900 I7. Keefe Ave., Milwaukee, Wis.
1401 W, 5S¢, Paul 5t., Milwaukee, Wis.
2339 W, Van Buren 5t., Chicago, Il
4719 Sunnyside Ave., Chicago, I,

325 E. Ferry 5t., Newark, N. J.

259 W, 14th St., New York, N. Y.

John St., Babylon, L. 1.

347 State St., Rochester, N. Y.

1128 Leggett 5t., New York, N. Y.
Willimantic, Conn.

644 W. 12th St., Erie, Pa.

1 River Road, Schenectady, N. Y.

829 Newark Ave., Elizabeth, N. J.
Greenfield, Mass.

41113 Kerrigan Ave., Union City, N. }.
424 W, 33rd S5t., New York, N. Y.
“forcester, Mass.

DuPont & Williams 5t., Cleveland, Ohio
115 4th Ave., New York, N Y.

30-32 Northern Blvd., Long Island City, N. Y.
343 Cortlandt St., Belleville, N. }.

401 N. Broad 5t., Philadelphia, Pa.

14153 5. Broadway, Dayton, Ohio

4765 Ravenswood Ave., Chicago, Il
1941 Thomas St., Indianapolis, Ind.
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TABLE 7—INDENTIFICATION OF MANUFACTURERS—Continued

Code Letters Name of Manufacturer Address
MASBACK Masback Hardware Co. 326 Hudson St., New York, N. Y.
MILLER Mitler Co., J. W. 5917 S. Main St., Los Angeles, Calif.
NATIONAL National Radio Products 61 Sherman St., Malden, Mass.

NAT. UNION  National Union Radio Corp. 57 State St., Newark, N. J.

NILSSON Niltsson Electric Lab. 103 Lafavette St., New York, N. Y.
OAK Oak Manufacturing Co. 1260 N. Claybourn Ave., Chicago, 111
OHMITE Ohmite Manufacturing Co. 4837 Flournoy St., Chicago, 1.
OSTER Oster Manufacturing Co., John Main & West 5ts., Genoa, DeKalk County, Il
PATTON Patton MacGuire Co. Providence, R. 1.

PHILCO Philco Corp. Tioga & C Sts., Philadeiphtia, Pa.
RCA Radio Corp. of America (Radiotron Div.}  Harrison, N. J.

RD Redmond, A. G., Co. 1941 Hodde St., Owosse, Mich.
SCOVILLE Scoville Manufacturing Co. Waterbury, Conn.

SELECTAR Selectar Manufacturing Corp. 21-10 49th Ave., Long Island City, N. Y,
SIMPSON Simpson Electric Instrument Corp. 5216 Kinzie St., Chicago, 111

SOLAR Solar Manufacturing Co. 588 Avenue A, Bayonne, N. [.
SPRAGUE Sprague Specialties Corp. ' 189 Beaver St., No. Adams, Mass,
SYLVANIA Sylvania Electric Products, Inc, 300 Filth Ave., New York, N. Y,
THOMSON Thomsen, J. L., Manufacturing Co. Waltham, Mass.

TRIPLETT Triplett Electric Instrument Co. Bluffton, Ohio

TRS Tubular Rivet & Stud Co. Wollaston, Mass.

TUNGSOL Tung-sol Lamp ‘Nm—-ks, Inc. 95 Eighth St., Newark, N. J.
WALLACE Wallace Barnes Co. Newtonville, Mass.

WARD Ward Products Corp. 1523 Fast 45th St., Cleveland, Ohio
WIECO Western Electric Co. 120 Broadway, New York, N. Y.
WESTON - Weston Electrical Instrument Co. 690 Frelinghuysen Ave., Newark, N. J.
WHITE White, 5. 8., Dental Mfg. Co. 10 E. 40th St., New York, N. Y.

W-L Ward Leonard Co. 6 Seuth St., Mt. Vernon, N. Y.
WSTH Westinghouse Electric & Mig. Co. East Pittsburgh, Pa.
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