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P R E F A C E

Since the beginning of the "surplus 
eratr a real need has existed for a

publication devoted entirely to the conversion information necessary to

permit practical use of surplus equipment. The amateur radio operator

has had especiar need for such a pubrication. The authors have endeavored

to fulfil that need in the fo'owing pages by compiling the necessary in-

structions and diagrams for the practical conversion of a number of the

most popular items of surplus equipment.

Theory of circuit operation has not been incruded in this manuar so

that conversion data on the largest number of equipments could be in-

cluded. It has been assumed that those persons interested in a manuar of

this nature are generarly familiar with the operation of erectronic equip_

ment. It should be noted thatthe operation of any radio transmitting equip_

ment, including that described herein, requires the issuance of both an

operator's l icense and a station l icense by the Federal communications

Commission.

Th-e authors regret that t ime does not permit them to engage inindividuar correspondence regarding these or other surplus items,and the publisher has been requeste-a not to forward retters.

We have no information on surplus items other than those inthese several Manuals



$ 3 . 5 0
Cot .  No.  EE-31 I

SURPLUS RADIO

CONVER,SION MANUAL

VOLUME I

Third Edition

by

R. C. Evenson and O. R. Beach

Published qnd distributed lo the electronics irode by

N e w  A u g u s t o ,  I n d i o n o

copyright 1948 by Techno-Graphic Pubtications. Printed ln u.s.A.



Subject

BC-22L

BC -342

BC -312

BC-348/224

BC-412

BC -645

BC-9468

B C - 4 5 3 - 4 - 5
scR-274N
ARC-5

BC -45?-8  -9
BC -696
SCR-2?4N
ARC-5

BC -625

BC-624

TBY

P E - 1 0 3 A

BC-1068A
B C - 1 1 6 1 A

Electronic Surplus Index

T A B L E  O F  C O N T E N T S

Frequency Meter  (SCR-211)

Receiver

Receiver

Receiver

Radar Oscil loscope (to TV Receiver and
Test  Osci l loscope)

Transmitter/Receiver (420 Mc.)

Receiver (Conversion to Auto Receiver).

Receivers (Convers ion to 10 Meters)

Transmitters (Conversion to VFO)

Transmitters (scR- 522/ 542) (2 Meters)

Receiver  (SCR-522/b42) (2 Meters)  .

Transceiver (6 and 10 Meters)

Dynamotor

Receiver  (SCR-268/2?1 Radar)  (2 Meters)

Page

c

L 2

22

29

40

53

?3

19

8 2

104

106

1 1 1

122Index of A,/N-'\,IT" Tubes vs. Commercial Types



SCR-211 FREQUENCY METER SET
(Bc-221)

The SCR-211 Frequency Meter Set consists of several minor compo-
nents and the major component, the BC-221 Frequency meter. It is de-
signed to radiate or measure radio frequencies between 125 kc. and 20,000
kc. This frequency measuring device is a precision instrument and is
capable of making frequency measurements to a high degree of accuracy.

It should be noted that no conversion of this unit is required for nor-
mal use unless it is desired to use an a-c power supply in the place of the
required batteries. If the a-c power supply is desired, reference is made
to fig. 3 which is self-explanatory.

Since this article is of a descriptive nature, pertaining to the operation
and use of the BC-22L, the discussion will be made under the following
sections:

General Description
Principles of Operation
General Use of the Instrument

(a) General Description

There are mÍrny models of the SCR-211 Frequency Meter Set, which
include the SCR-211-A, B, C, D, E, F, L K, L, M, N, O, P, Qr R, T, AA,
AC, AE, AF, AG, AH, AJ, AK, and AL.

Even though many of the models are quite similar, there are numerous
minor changes. These changes are too numerous to mention in the scope
of this article; however the discussion covers the general operation and
characteristics which pertain to all models.

All models of the SCR-211 consist of the following components:

1 ea. Calibration Boo\ MC-177
1 ea. Crystal Unit, DC-9
Set of vacuum tubes, installed
Set of batteries, 6 ea. BA-2 ("8" Batteries)

4 ea. BA-23 ("A" Batteries)
Headset and Cord (applicable type)

There are two typesof cases that enclose the BC-221, the woodentype
and the aluminum alloy type. The dimensions of the aluminum case are
Lz-L/2" high,10" wide, and 9-tf4" deep;the wooden case is slightly larger.

The self-contained battery compartment is designed to hotd 6 BA-2
batteries (22-L/2 volts each) and 4 BA-23 batteries (L-l/z volts each).
This gives the required "B" supply voltage of 135 volts and 6 volts for the
'h" supply. (Note: minimum voltages for satisfactory operation are 5.4
volts and 121.5 volts for the "A" and "B" supply respectiveiy.)

Six different control panel designs appear in the BC-221's varying
with the different models and the different manufacturers. This variation
is not important since the control labeling and the included unit instruc-
ti.ons make the operation self-explanatory.

(a)
(b)
(c)
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Each BC-221 unit contains an individua[y calibrated book, Mc-1??,
permanently attached to the front panel cover.

(b) Principles of Operation

The BC-221 is a heterodyne type of frequency meter employing a 1000
kc. crystal oscillator which furnishes 1000 kc. check points for the vari-
able frequency oscillator. Manual tuning of the variable frequency oscil-
lator is brought out on the control panet with its associated dials.

Two calibration ranges are provided, the 125-250 kc. range and the
2000-4000 kc. range. By use of the 2nd,, 4th, and Bth harmonics, the low
frequency range covers 250 to 2000 kc. By use of the 2nd, 4th, and bth
harmonics, the high frequency range covers 4000 to 20,000 kc.

with reference to the block diagram of the Bc-zzl, the output of the
v.f.o. is heterodyned with the incoming signal from the antenna. After
detection the beat frequency is amplified by the audio amplifier and its
output connected to headphones.

when the beat frequency reaches the audible range it is heard in the
headphones and the final tuning adjustment is made with the v.f.o. to pro-
duce a "zero-beat". This indicates the incoming frequency and the dial
reading is taken.

The above description of operation refers to an incoming signal such
as checking a transmitter. since the Bc-zzl also radiates its v.f.o. sig-
nà\ receiver calibration and checks are made similarly by the "zero-beat"
method as heard in the receiver output.

From the following factors: mechanical shocks, locking action of
dial, warming up, change of load at antenna, 10 per cent change in battery
voltage, error in calibration, and error in crystal frequency, the maximum
error should not exceed .034 per cent at 4000 kc. Normally the errors
tend to ,cancel each other so that the normal error shouid not exceed .02
per cent.

A N T E N N A

DETECTOR A U D I O
AMPLI  F I  ER

t o 0 0  K c .
XTAL OSC.
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(c) General Use of the Instrument

Reading the frequency meter dial consists of three individual steps.

The first tùo digits ire read on the hundreds dial (drum dial). From the

large circular dial, labeled 
"units", th.e second two digits are read. The

u"""ni"" scale (Iocated on circular dial) provides the fractional digit in the

conventional manper. Thus the following example reading can be obtained:

45 B? . 5. This dial reading is then checked in the calibration book to

obtain the frequency of the signal being measured.
For transmitter frequency measutements, a 2-foot piece of rigid

copper wire is adequate for the frequency meter antenna. The antenna

"n*ta be only in réasonable proximity to the transmitter output. Care

should be exeicised to avoid allowing excess r-f to enter the frequency

meter which can cause permanent damage.
In making frequency checks or dial calibrations with a receiver, the

frequency méter antenna lead should be only loosely coupled to the re-

ceiver input. This can be close proximity or the wrapping of the respec-

tive leads.
At no time should the frequency meter be directly connected for fre-

quency measurement PurPoses.- 
In all models of ttre Bc-221, high impedance headphones should be

used for optimum performance. The earlier models specified the P-18

and the n-ig treadphones while the later models specified the HS-30.

A point wortiiy of mention is that in certain measurements where

visual observation of the 
"zero-beat" is desired, an output meter with an

a p p r o p r i a t e i m p e d a n c e m a t c h i n g d e v i c e c a n b e u s e d i n p l a c e o f t h e h e a d -
phones.
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REGULATED POWER SUPPLY FOR THE BC.22T

Figure 3 shows an easily constructed voltage-regulated power supply
for operation of the BC-221 frequency meter. The series resistor R
should be adjusted, with tlre BC-221 serving as a load for the power sup-
ply, until the current from the cathode terminalof the VR-150 to ground is
approximately 15 ma.

40
Bf r50 v.

t!
o
o(Jz >
ed

vR-r5O b>
9il
2 l
Ri

B- s A-;o
F

A +

The existing "OFF, CRYSTAL, OPERATE, CHECK" switch is removed
from the "A" (+) battery circuit. The positive "A" heater lead from the
power plug is connected directly to the ungrounded side of the filament
buss.

In earlier models of the BC-221 such as the BC-221C, fig. 1, the
cathode of the amplifier tube may be connected directly to the filament
which provided its bias. In such cases it is necessary to break this con-
nection and run the cathode to ground through a proper value cathode re-
sistor. If this is not done excessive hum will result in the frequency
meter output.

On certain models such as the BC-221Q, fig. 2, the "8" (+) lead may
be left intact with the original switch. This arrangement in conjunction
with the power "OFF-ON" switch permits warm-up of the unit without
signal radiation.

The switch for the new power supply (Sw) may be located on the fre-
quency meter cabinet or chassis as desired.

t o H .  l 7 , s K

i l 5  V . A .

_ 1 0 _
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F'ritta?ù(r lllettr 8C zzt-(il), in nelal cabinet

fre'quenLl ,lldcr BC-221-(6), in uudcn cabinel
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COI.IVERTING THE BC-342 RECETVER

Though the BC-342 signal corps short-wave receiverhas not appeared
tn quantity on the surplus market, the BC-312 has been widely "ùìr"uró.
Either is considered an ideal piece of equipment that can ue reaaity modi_
fied- and used-very nicely as a communications receiver. Either can be
made to perform comparably with receivers that sel.l on the current
market for three and four times the price.

The BC-342 is designed to operate on l1b volts ac, b0 or 60 cycles.
The direct current version of the Bc-s42 is the ec-irz (12 vons, oó.
Since the major part of the BC-312rs conversion is identical to ttrat óf tne
Bc-342, only a small part will be devoted to it under a separate tiile with
general reference directed to this article.

Among the most recent models of the Bc-glz and BC-312 appearing
on the market are the "1r1" and "N" models. since the later modelÀ a"e nolgreatly different from the earlier models, the converting procedure can
apply to all of them without regard to the slight variationl. The most ap_parent variation is the omission of the crystal Filter on the later models
of the BC-312.

As is immediately apparent, these signal corps receivers were built
for service rather than for beauty. Even thougn iì is not as pretty as the
modern communications receiver, the ham can be reasonably assured that
this receiver is one o.f the_most rugged,loth mechanicallyand electrically,
that has ever been built. It has relatively high sensitivity and good stabilj
ity. Its frequency range is 1b00 to 1g000 kc. thereby not cóvering the
broadcast band or the lO-meter band. converters for ihe high-freqiency
bands work nicely with this receiver, since direct coaxial coùpling [o tnó
antenna input is provided on the front panel of the receiver.

The BC-342 has the following tube line-up with the respective func-
tions:

2 ea 6K? (VT-86) lst & 2nd RF amplifiers
6C5 (VT-65) RF oscillator
6L7 (VT-8?) lst Detector

2 ea 6K7 (VT-86) lst & 2nd IF amplifiers
6R? (VT-88) 2nd Detector, AVC, lst Audio amp.
6C5 (VT-65) CW Osciilaror
6FO (VT-66) Rudio output amplifier
5W4 (VT-9?) Rectifier

The r.f. oscillator stage has been well stabilized, making the drift and
dial calibration quite accurate. The frequency coverage of the receiver is
accomplished in six bands, with direcily calibrated, fist and slow vernier
knobs. since the military requirements were not those generally required
for ham use, the following modifications and refinementé will be covèred:

(a) Modification for the RF Stages
(b) Modifying the Crystat Filter
(c) Backlash Improvement in the Tuning Mechanism

- 1 2 -
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(d) Reducing the Audio Hum Level
(e) Connection for the "send-receive" Switch
(f ) Improvement for the Audio Section
(S) Additional Circuit Refinements
(h) Optional Refinements and Suggestions

(a) Modification for the R.F. Stages

Since the r-f stages are operated with a higher than rated grid bias
and lower than rated screen voltage, the receivers have a noticably lower
signal to noise ratio than is expected in good communication receivers.
Increasing the gain of the r-f stages materially improves this condition.

The existing cathode resistors of the lstand 2nd r-f stages, R1 and R7,
are 500 ohms. These should be reduced to 250 ohms. The screen re-
sistors, R3 in the lst r-f stage and Rgin the 2nd r-f stage, should be re-
duced from the original value of 40,000 ohms to 20,000 ohms. These
changes give a grid bias of about -3 volts relative to the cathode and a
screen voltage of approximately 130 volts. Another recommended feature
is the removal of the lst r-f stage from the manual r-f gain control per-
mitting this stage to operate at maximum gain when using the MVC. This
change provides optimum signal-to-noise ratio when the manually con-
trolled gain is reduced to the desired listening level.

To make the above alterations it is necessary to remove the shield
plate at the rear of the chassis behind the mixer and the r-f amplifier
tubes. The screen resistors are located underneath the plate on the
mounting strip and are identified from the schematic diagram as R3 and
Rg An easy way of making the change is to shunt the existing 40,000-ohm
resistors with similar and equal resistors thus giving a value of 20,000
ohms.

The existing cathode resistors are located at the sockets of the tubes
requiring the removal of the tube mounting plate. Substitute 250-ohm,
l/Z-watt resistor for R1, soldered between the cathode pin and pin No. 1
(ground). Rq is replaced with a 250-ohm resistor between the same points
as the original resistor.

The increase in gain from the above changes should show a definite
peak noise by tuning the trimmer on the lst r-f stage with the antenna dis-
connected.

(b) Modifying the Crystal Filter

The crystal filter, which is electrically located just before the 1st i-f
stage, is a crystal tuned bridge circuit intended to give greatly increased
selectivity. Since the military version seriously reduces the signal level,,
its operation is not considered up to the requirements to warrant its use;
however, the following modification will give radical improvement.

As it is, switching the filter in and out changes the shunting capaci-
tance across the secondary of the i-f transformer to such an extent that
the stage is considerably detuned, thus reducing the sensitivity. To avoid
this radical change in capacitance at the switching point, which is done by a
switch on the capacitor shaft, the switching point should be changed me-

- 1 3 -



chanically to close when the phasing capacitor is at minimum capacitance.
The best method of doing this is to force the switch blade around 1g0

degrees on its collar. since all switches are not conducive to this treat-
ment without breaking it may be necessary to solder the blade to the collar
in its new position. After this change is made and functioning properly it
is necessary to readjust the alignment of the i-f transformer secondary in
which the crystal f i l ter operates. This adjustment is made at the top of
the first detector transformer. It is preferable to align it on noise with
the crystal switch out. Now the signal strength should be the same with
the fi l ter out, or peaked on the noise when it is in. The crystal selectivi-
ty is not too great but considered good for ordinary operation.

A refinement frequently made to make the crystal filter tuning less
crit ical, is to reduce the capacitance of the variable phasing capacitor.
This is done by removing (breaking) approximatelyhatf of the statoi plates
from the capacitor. since it is not necessary to remove the fi l ter assem-
bly for this operation, it is an easy refinement to add.

(c) Backlash Improvement in the Tuning Mechanism

Generally backlash is not considered as being too bad in these re-
ceivers. However, it is always the general desire to minimize this condi-
tion. The largest part of the backlash occurs between the worm gear and
its mating gear on the capacitor shaft. To tighten the mesh of these two
gears is a major operation generally not recommended since it requires
considerable dismantling of the mechanical tuning assembly. However, in
most cases improvement can be obtained by reducing the amount of end
play on the worm-gear shaft. This is done by increasing the spring ten-
sion on the worm. To do this, loosen the collar, pressing it l ighily against
the spring, and retighten it in its new position.

(d) Reducing the Audio Hum Level

Frequently a relatively high hum level is present in these receivers.
It is generally due to insufficient power supply fi l tering and use of the out-
put stage for headphone reception.

If insufficient f i l tering in the power supply is apparent, it is recom-
mended that midget 8 mfd. f i l ter capacitors be shunted across the existing
fi lter capacitors C89 and C90 in the power supply section.

Modification of the audio section as discussed under section (f) of this
article wil l give definite improvement in the hum level for headphone re-
ception.

(e) Connection for the "send-receive" 
Switch

The "send-receive" 
switch does not operate the receiver since it is

connected into the external plug on the front of the receiver. To make it
operate in the normal fashion, it is necessary to remove the leads from
the switch and connect one terminal of the switch to the chassis (ground).
Disconnect the high-voltage center-tap lead from the negative terminal of
the filter capacitor in the power supply and connect this lead to the other

- 1 4 -



side of the "send-receive" switch. This lead is brown in color and long
enough to reach the switch through the grommet in the power supply case,
The "send-receive" switch should be kept in the center tap lead so as to
keep it in the low-potential side of the "8" circuit thus avoiding high voit-
age at the switch and also eliminating switch "pops" that occur when
switching in the high-potential side.

(f ) Improvement for the Audio Section

Since this set is capable of supplying adequate audio volume for head-
phones at the output of the first audio amplifier stage, it is advisable to
shift the lower phone jack connection to the output of the first audio stage.
This stage is the triode section of the 6R?. Hum and noise which may
normally be picked up by the additional audio output stage is reduced con-
siderably.

This change can be accomplished by connecting the lower jack, at the
right side of the front panel and labeled 2nd audio phones, to the grid
(pin No. 5) of the output tube, the 6F6. In some models this modification
will not be necessary since one of the jacks is already connected in the
first audio output and labeled accordingly.

To improve further the above modification, it may be preferred to re-
place the existing jack with an open-circuiting type jack which opens the
grid circuit to the output tube when the headphones plug is inserted. This
is normal practice in most communication receivers since it removes the
speaker output when the headphones are used. If the speaker is not con-
nected, the open-circuiting jack removes the possibil i ty of very high volt-
ages that may be developed at the plate of the output tube with large sig-
nals when the circuit is not loaded. These voltages can easily be high
enough to arc between the electrodes in the output tube or break down the
insulation in the output transformer.

Transformer T1 is an audio interstage transformer that is used in
some models for headphones output from the first audio amplifier. In
other models, the transformer is connected to the external plug on the
front panel and serves no purpose in the normal operation of the set.

Since the output transformet, T2, has an output impedance of approxi-
mately 3000 ohms, it is not considered practical for normal use. It is
generally desired to replace this transformer with a standard output
transformer matching the 6F6 to the desired voice coil impedance. This
works out nicely with a 6 or 8 inch PM speaker. When changing output
transformers, it is possible to select the physical size which can be
squeezed into the original position of T2. The secondary leads can be
brought out as beforeto the speaker jack with thejack labeled accordingly.

If the changing of output transformers is not desired, the existing
output of transformer T2 can be fed directly into another output trans-
former having a primary impedance of 3000 or 4000 ohms when connected
to the speaker voice coil. This method has been used satisfactori ly and
will eliminate the work in changing transformers.

Additional refinements considered advisable, especially if more audio
volume is desired, are changing the following circuit components in the
audio section of the receiver.

- 1 5 -



Replace the 6R7 detector first audio tube with the high mu 6e?. This
is an easy change since the socket connections are the same and only the
cathode resistor, R26, must be altered for the proper bias. This is easily
done by shunting the existing resistor, R2g, with à 900-ohm, t/2 watt re--
sistor.

The diode filter resistor, R4g, is a relatively high value, being 0.S
megohms. considerable increase in volume can be obtained by reducing
this value to normal proportions. This can be convenienily done by shunt-
ing the existing resistor with a 100K 1/2-watt resistor.

It will also be noted that the grid resistor, R33, of the output stage is
considerably lower than normally used. This resistor should be increased
from the existing 50K to 250K.

The above changes will give much increased audio volume which will
be more than adequate for speaker and headphone operation.

(g) Additional Circuit Refinements

Noise Limiter:
To bring your receiver up into the top class of communication re-

ceivers, the addition of the suggested noise-limiter circuit will be well
worth while. This is a series-type timiter using the 6H6 diode with an IN-
our switch. The schematic diagram should be self-explanatory as shown
in f ig.  1.

If desired, the entire limiter, tube and all, can be encased in an old
i-f transformer can. This will give a professional appearance to the in-
stallation, and the assembly may be easily mounted inside the receiver on
the chassis.

"S" Meter:
since many hams do not consider the communication receiver com-

plete without a signal-strength meter, the circuit shown in fig. 1 is rec-
ommended. This circuit is standard and considered quite satisfactory.

It is generally considered inconvenient to mount even a small meter
on the front panel of the receiver. This is true because of limited space
and tàe thickness of the panel which makes cutting of the hole rather dif-
ficult. In most cases, the meter is mounted externally on a bracket to the
receiver case.

Separate R.F. Gain Control:
An optional feature that is sometimes desired, is separate and indi-

\riduat r-f and a-f gain controls that are not switched in and out with the
.{VC switch, SW-12.

This control, as in the military version, consists of the tandem po-
tentiometers, R-34 and R-35. To separate them it is necessary to dis-
connect one, preferably the a-f, R-34, and add an additional 500K potenti-
ometer to the panel for the new a-f gain control. After this is done, the

- 1 6 -
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Ieads to the two controls should be reconnected to by-pass switch, SW-12.
With this change, the switch in the 2nd and 3rd position only controls the
AVC circuit, being either ON or OFF.

Tone Control:
Occasionally a tone control is desired for listening ease and can be

added to the receiver. This is quite convenient especially if the receiver
does not have the crystal phasing control whichis physically replaced with
the dial light rheostat on the panel. Since the rheostat is useless in most
cases, it can readily be replaced with any other desired control or in this
case, the tone control.

A simple type of tone control circuit is shown in Fig. 1.

(h) Optional Refinements and Suggestions:

Among the many personal touches that may be added to the BC-342
and Be-312 for appearance and ease of operation, the following may prove
to be Advantageous or possibly stimulate new ideas:

The external plug, SO-1, located on the front panel was intended for
use with other associated equipment of which the receiver was a compo-
nent part. Ordinarily there is no particular need for this plug and it can
be removed from the panel. The remaining hole can be plugged or used
for added controls. The leads to plug SO-1 should be removed at conven-
ient points in the receiver.

ihe small vernier tuning knob (1/4" shaft) can be replaced with a
larger and more attractive knob which will facilitate fine tuning.

Rubber grommets, inserted in the slide fastener holes on bottom of the
receiver case, will serve as a partial shock mount and wiII eliminate the
possibility of sliding or scratching.

The unused jacks on the front panel can also be put to use as desired,
such as a phono or audio input to the audio amplifier section. There may
be other uses for the jacks that wiil apply the individualrs particular
needs.

As will be apparent to the average ham, a number of the above sug-
gestions for conversion of the BC-342 or the BC-312 are optional and will
be up to the personal requirements of the individual concerned. With the
abovi conversions this receiver can be made very suitable for ham use
with its performance comparable to the high priced communication re-
ceivers.
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OOXVERTING THE BC-312 RECEIVER

This conversion directly supplements the conversion of the Bc-g4z
receiver since the Bc-312 is identical to the Bc-842 with the exception
that it is the direct current version designed to operate from baitery
power.

Again it should be noted that the different models of this receiver, as
indicated by the alphabetical letter, have minor differences. The Bc-312A
has a thermostatically controlled heater in the oscillator compartment and
a noise balancing network in the antenna circuit. The noise balancing net-
work was retained in the "c" model but omitted in later models. tvtoaets
A, C, D, E, F, and G, all have the crystal f i l ter, but in later models some
were supplied with and some without. This was generally dependent on
the manufacturer that made them. on models made after the "G", some
sets were designed to operate on 24-28 volts and were designated by the
letter 'x" after the alphabetical letter. However, most of thè gc-gti re-
ceivers were designed to operate on 12 volts d.c. at approximately 7
amperes.

If it is desired to operate the set on direct current, connections may
be made directly into the socket on the front panel with the 12 volt con-
nections made ss indicated on the schematic diagram, Fig. 4. For this
operation it is also necessary to ground lug No. g on the terminal strip
located near the front right corner of the chassis.

This article applies to the conversion of the Bc-312 for a+ operation.
Other conversion data for the receiver is covered in the conversion of the
B C - 3 4 2 .

After inspection of the BC-312, it wil l be apparent that the dynamotor
must be replaced with a conventional power supply and that the series-
parallel wiring of the tube heaters must be revamped if 6-volt heater
operation is desired. An alternate method, which eliminates the diff icult
rewiring of the heater circuit, is to leave the wiring as is and operate the
heaters on slightly Iess than 12 volts a.c. This is accomplished by using
the 6x5 rectif ier with the 5 and 6 volt windings connected in series thus
supplying approximately 11.3 volts a.c.

The least difficult method of adding the new power supply is to make it
an external unit to the receiver. However, this makes for a more bulky
arrangement with connecting leads between the power supply and the re-
ceiver. with careful selection of parts and a l itt le extra time devoted to
the job, the new power supply can be contained in the dynamotor case and
thereby kept inside the receiver as is done in the BC-342.

A point worthy of mention is that there have been a few of the BC-342
Dower supplies, the RA-20, on the surplus market. These are a fortunate
frnd for the Bc-312. The RA-20 power supply canbe direcily interchanged
qith tlre dynamotor assembly.

In constructing the new poryer supply unit, a selected g0-ma. power
trarsformer with both the 5 and 6 volt windings can be fitted with a fiiter
choke, a 16-16 mfd. f i l ter capacitor, bleeder resistor, a.nd the rectif ier,
5Y3GT, in the old dynamotor case. This wil l cause a rather crowded con-
drtion but is well worth while if i t is desired to have the power supply
rns ide the receiver .
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Both the 6-volt and the l2-volt heater version of the recommended
powgr supply, with parts list and connection diagram, are shown in Fig. 3.It will be noted that the existing oFF-oN switctr, sw-12, and theiuse
on the front panel are incorporatedin the llLvolt circuit of tire new power
supply. The dial lights are connected directly across the heater circuit at
any convenient point in the set. These leads should be twisted and kept
away from the grid and plate circuits as much as possible.

For other circuit refinements and modifications, refer to "conversion
of the BC-342."
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COMPONENT PARTS LIST FOR BC312 RECETVER

CAPACITORS

c1 cA-289
c2 cA-291
c3 cA-291
c4 cA-290
c5 cA-290
c6 cA-290
c1 cA-289
c8 cA-291
c9 cA-291
c10 cA-290
cl1 CA-290
c12 CA-290
c13 CA-289
c14 CA-291
c15 CA-291
c16 CA-290
c1? cA-290
c18 CA-290
c19 CA-289
c20 cA-291
c21 CA-291
c22 CA-290
c23 CA-290
c24 CA-290
c25 CA-294
c26 CA-293
c21 CA-284
c28 CA-292
c29
c30 cA-195
c31
c32 CA-284
c33 CA-266
c34 CA-292
c35
c36 CA-195
c3?
c38 CA-294
c39 CA-284
c40 cA-294
c4l cA-278
c42 CA-300
c43 CA-29?
c44 CA-299
c45 CA-266
c46 CA-292
c4? cA-266
c48
c49 CA-195
c50
c51 CA-323

C52 CA-266 100 uuf.
C53 CA-296 400 uuf.
C54 CA-281 .01 uf .
C55 CA-295 50 uuf.
C56 CA-281 .01 uf .
C57 CA-295 50 uf.
C58 CA-281 .01 uf .
C59 .05 u i .
C60 CA-302 .05 uf.
C61 .05 uf.
C62 CA-284 .05 ul.
C63 CA-281 .01 uf.
C64 CA-295 50 uuf.
C65 CA-295 50 uuf.
C66 CA-281 .01 uf .
C61 CA-279 10 uuf.
C68 .05 uf.
C69 CA-301 .05 uJ.
C?0 .05 uf.
C?l  CA-218 150 uuf .
C?2 CA-193 500 uuf.
C73 .05 uf .
C?4 CA-301 .05 uf .
C15 .05 uf.
C76 CA-281 .01 uf .
C?7 CA-295 50 uuf.
C?8 0.1 uf.
C79 CA-2?6 0.1 uf .
C80 0.1 uf .
C81 CA-281 .01 uf .
C82 CA-292 13-226 uuf.
C83 CA-z?? 0.1 uf .
C84 CA-280 1-10 uuf .
C85 CA-253 4-?5 uuf .
C86 CA-266 100 uuf.
C8? CA-284 .05 uf.
C88 CA-266 100 uuf.
C89 CA-211 .002 uf.
C90 CA-211 .002 uf .
C91 CA-295 50 uul.
C92 CA-295 50 uuf.
C93 CA-295 50 uuf.
C94 CA-298 800 uuf.
C95 CA-298 800 uuf.
C96 CA-286 ?5 uuf.
C9? CA-286 ?5 uuf.
C98 CA-2?5 4 uf.
C99 CA-284 .05 uf.
C100 CA-294 125 uuf.
C101 CA-266 100 uuf.
C102 CA-284 .05 uf.

3-25 uuJ.
6-100 uuf.
6-100 uul.
4-50 uuf.
4-50 uuf.
4-50 uuf.
3-25 uuJ.
6-100 uuf.
6-100 uuf.
4-50 uuf.
4-50 uuJ.
4-50 uuf.
3-25 uuf.
6-100 uuf.
6-100 uuf.
4-50 uuf.
4-50 uuJ.
4-50 uuf.
3-25 uuf.
6-100 uuf.
6-100 uuf.
4-50 uuf.
4-50 uuf.
4-50 uu.f.
125 uuf.
10-210 uuJ.
.05 uf.
13-226 uuj.
.05 uf.
.05 uf.
.05 uf.
.05 uf.
100 uuf.
13-226 uuf.
.05 uî.
.05 uf.
.05 uf.
125 uuf.
.05 uJ.
125 uuf.
5 uuf.
3000 uuf.
1600 uuf.
?50 uuf.
100 uuf.
13-226 uuf.
100 uuf.
.05 uf.
.05 uf.
.05 uf.
4-50 uuf.
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CX CRYSTAL DC-6
DM DYNAMOTORDM. l? .A
Fl FUSE FU-21
F2 FUSE FU-21
Jl JACK lK-34 ( lst AUDro)

L 1
L2
L3 1s t  R.F .  COILS
L4
L 5
L6
L7
L8
L9 2nd R.F. COILS
L 1 0
L 1 1
Lt2
L 1 3
LT4
L l5  l s t  DET.  COILS
L 1 6
Lt7
l , l  ó

J2
j3
I4
l5

JACK JK-34 (2nd ALIDTO)
JACK JK-33 (SPEAKER)
IACK lK-33 (MTCRoPHONE)
JACK JK-34 (KEY)

COILS

RESISTORS

L 1 9
L20
L21 Osc. coILS
L22
L23

L26 IGN. SUPP. COILS
L27
L2B TRANSFORMER C-202
L29 TRANSFORMER C-203
L3O TRANSFORMER C-204
L31 BEAT OSC.
L32 FILTER COIL
LMl NEON LAMP
LMz LAMP LM-27
LM3 LAMP LM-2?

Rl RS-164 500 ohms 1 watt
R2 RS-169 60,000 ohms l/2 watt
R3 RS-149 40,000 ohms t/2 watt
R4 RS-172 100,000 ohms 1/B watt
R5 RS-16? 1,000 ohms L/3 walt
R6 RS-173 2 MEG. t/B watt
R7 RS-164 500 ohms 1 watt
R8 FS-169 60,000 ohms L/2 watt
R9 RS-149 40,000 ohms t/2 watt
R10 RS-172 100,000 ohms 1/3 watt
R l1  RS-167 1 ,000 ohms l /S  wat t
R12 RS-173 2 MEG, t/3 watt
R13 RS-168 50,000 ohms t/g watt
R14 RS-166 350 ohms 1 watt
Rl5 RS-140 30,000 ohms t/Z watt
R16 RS-1?2 100,000 ohms 1 /3  wat t
R17 RS-125 1,000 ohms t/Z watt
Rl8 RS-1?2 100,000 ohms 1/3 watt
R19 RS-164 500 ohms 1 watt
R20 RS-163 60,000 ohms 1 watt
R21 RS-149 40,000 ohms t/2 \ Ìatt
R22 RS-125 1,000 ohms t/2 watt
R23 RS-150 100,000 ohms 1/2 watt
R24 RS-164 500 ohms 1 watt
R25 RS-163 60,000 ohms I watt
R26 RS-149 40,000 ohms 7/2 watt
R2? RS-125 1,000 ohms t/2 watt
R28 RS-171 750 ohms 1 wau
R29 RS-162 .25 MEG. t/2 watt
R30 RS-161 1 MEc. l /3 watt
R31 RS-165 1,000 ohms 1 watt
R32 RS-162 250,000 ohms l/2 watt
R33 RS-131 50,000 ohms t/2 watt
R34 POTENTIOMETER 0-500,000 ohms
R35 RS-1?4 0-50,000 ohms
R36 RS-150 100,000 ohms 1/2 watt

R37 RS-150 100,000 ohms l /2 watt
R38 RS-178 12 ohms 15 watts
R39 RS-178 12 ohms 1b watts
R40 RS-1?8 12 ohms lb watts
R41 RS-139 30,000 ohms I  watt
R42 RS-140 30,000 ohms L/2 watt
R43 RS-148 200,000 ohms t /2 watt
R44 RS-127 3,000 ohms l /2 watt
R45  RS-128  5 ,000  ohms  l / Z  \ ua l t
R46 RS-177 7,500 ohms t /2 watt
R47  RS-1?6  60ohms  t / 2wa t t
R48 RS-169 60,000 ohms t /2 watt
R49 RS-133 500,000 ohms 1/2 watt
R50 RS-140 30,000 ohms L/2watt
R51 RS-129 10,000 ohms L/2 watt
R52  RS- r?5  10 ,000  ohms  1 /3  wa t t
R53 RS-173 2 MEG. ! / t  wat t

RL l  RELAY BK-13
SOl SOCKET SO-94
swl  swtTcH sw_131
swt
iw i  ls t  R.F.  sw.
swd
Sw;  2nd  R .F .  SW.

l$t lst DEr. (MD(ER) sw.

lWB osc. sw.
SW1O CRYSTAL SW.
swl l  BEAT OSC. SW.
sw12 swrTcH sw-119
sw13 swITcH SW_131
T1 TRANSFORMER C-205"T2 

TRANSFOPJ\4ER C-160
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CONVERTING THE BC-348 RECEIVER

Introduction:

The BC-348 series of receivers was manufactured for the Armed
Forces and was designed to operate from a 28-volt d-c supply. As these
sets were used in aircraft, they are extremely compact and much smaller
than their equivalent in present commercial cummunications receivers.
The following conversion data will cover the changes necessary to adapt
the unit to 11S-volt a-c operation. Various circuit improvements will
also be elaborated on as applicable to amateur radio use.

Many models of the BC-348 were built but, with the exception of the
BC-348J, Q and N, they are electrically and mechanically similar. It is
of special note that the B minus of the 348Q is not grounded. The BC-224
series is identical except for the heater circuits.

The receiver covers the frequency range of 1500 to 18,000 kc. and 200
to 500 kc. by means of a directly-calibrated vernier dial. It will be noted
that the 10-meter amateur band as well as the standard broadcast band is
neatly skipped. Converters will be necessary if these bands are desired.

The receiver has two r-f stages and three i-f stages. The intermediate
frequency is 915 kc. A crystal filter is included in the circuit also.

The tube line up is as follows:

lst  RF 6K?
2nd RF 6K?
RF Osc. 6C5
1st Det. 6I?
lst IF 6K?
2nd IF and CW Osc. 6F?
3rd IF and 2nd Det. 688
Audio 4l

It is assumedthat the reader would not attempt this conversionwithout
enough technical knowledgeto make unnecessarythe tedious "wire by wire"
descriptions generally encountered and, with the suggestions and conver-
sions given here, satisfactory results should be easily obtained. It is
important to bear in mind that, due to the numerous models, and circuit
differences, common sense will be required in many of the operations as
exact component symbols and wire movements have been eliminated in
this article.

The following sections of the conversion procedure will be covered in
detail:

(a) Power supply
(b) Filament circuit
(c) Speaker matching
(d) Operation
(e) Additional audio stage
(f ) Noise silencer
(g) General notes
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(a) Power Supply:

As the receiver was designed for operation from a 2g-volt d_c source,it will be necessary to build a 11b_vott a_c supply.
since an external speaker and matching tianirormer wilr be required,

and in order to keep heat out of the receiver compartment, it is aànseéthat the power supply be built into the speaker ìabinet arong with thespeaker matching transformer, and conneclions be brought outlhrough acable and plug system.
It should be possibre to obtain, on the surprus market, the plug forpower connections that was intended for use with the receiver. nut ii not.the present socket can be repraced with a standard octatlìne-s;;#;;

removing the present socket and filing the retaining bracket to take thóoctal tube socket.
The circuit shown in Fig. 1 will work nicely and, by referring to theplug connections given at the end of this article, tne óonnecting caile canbe made up.

(b) Filaments:

For 6.3-voit a-c operation, it witl be necessary to rewire aII tubefilaments in parallel and to remove the balancing resistor which was usedin the d-c system. Forturatgly, ail tubes are of ttre 6.3-vort type and nosubstitutions are required. The fixed and variable dimming controls as_sociated with the pilot lamp circuit should be removed as this feature isnot essential.
Fig. 2 is self-explanatory for the filament conversion, and carefulexamination will show the few actuar wire changes necessary. The 6.3-volt lead should be brought out to pin 3 or pin 4 óf the power plug. (ftréÀe

two terminals originally were the 2g-volt input conneclions.)- 
"

(c) Speaker Matching:

The output of the receiver was originally designed for headphone
operation and consisted of two output connections, toi 500 ohms or 4500ohms, depending upon the tap used on the output transformer. As mostpermanent magnet dynamic speakers are around g ohms, a matchingtransformer will be required to match one of the original outputs to thespeaker. This transformer can be mounted in the rp"Jt "" cabinet as dis_c.ussed in the paragraph dealing with the power supply. An alternative isthe replacement of the original output transformef witt, one designed tomatch the output tube to a pM dynamic speaker. However, the former isto be preferred as it does not necessitate circuit changes.

(d) Operat ion:

After completion of the previous steps, the receiver wilr function bymerely applying power and connecting together terminals 2 and 6 of thóoutput plug. Terminal 2 is the B prus connection and 6 is the screen-grid
lead to the i-f's. These two terminals provide a very simple method of
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adding an "S" meter to the set. Examination of Fig. 3 will show that this
circuit can be inserted between terminals 2 and 6 with no other circuit
changes being required. The meter can be mounted in the upper right hand
corner of the front panel, providing a very small one is used. The adjust-
able pot should be of the screwdriver adjusting type and also mounted on
the fiont panel for zero setting the "S" meter. Calibration of the meter in
"S" units or in 'bB's" will be necessary. This addition iS not necessary for
operation but will add considerably to the versatility of the receiver for
amateur use.

(e) Additional Audio Stage:

The audio gain of the receiver is not quite adequate, and an additional
stage is required for satisfactory results. Fig. 4 is a proven circuit con-
sisting of a 6Jb tube in a simple resistance coupled stage to be inserted
directly ahead of the 41 power amplifier. With this additional stage the
gain will be sufficient.

It is suggested that this added stage be built onto the small removable
chassis upon which the dynamotor was originally mounted. The terminal
strip on the chassis can be used to bring out allnecessary connections and
will make a neat and comPact unit.

(f) Noise Silencer:

On the higher frequency band of the receiver, and especially if higher
frequency converters are to be used, the noise problem becomes one of
impòrtance. A shunt-type noise silencer circuit employing a small 1N34
crystal is shown in Fig. 3A. This circuit can be added easily to the re-
ceiver schematic. Addition of any noise silencer circuit will normally
cause some distortionin the output and therefore should be used only when
ignition noise, fluorescent lighting, etc. gives trouble. If properly con-
nected, the silencer should have very little effect on the receiver gain
when connected in the circuit and no effect when out of the circuit.

Difficutty may be encountered in using the added audio stage in con-
junction with the noise silencer due to the common cathode resistor on
ihe second detector and third i-f stages. This may be remedied by remov-
ing the wire between the two cathodes and shorting out "R105".

Note: In 348E, M and P this is not possible as the two stages are in
tlte same tube.

(g) General Notes:

If desired, the audio and RF gain controls, which are originally on a
common shaft, may be separated, especially for CW use. This will neces-
sitate disconnecting one of the controls and running the leads to an added
control of the same value but mounted elsewhere on the front panel.

The antenna and grognd connections may be extended to the rear of
the set and terminals added for convenience.

The AVC-oFF-IVwC switch has several contacts which were original-
Iy used in the 28-volt d-c circuit and which are now useless. These
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contacts may be used^as a standby switch breaking the B minus lead whenthe switch is in the oFF position and apprying iI again wnen in AVC orMVC positions. carefur circuit tracing wiìi ue n""."""i"v rràre in order notto disconnect the wrong wires on the switcrr. An alterna[ive is the use of asimple sPST toggle switch mountedon the frontpanel anJwi"ea in accord_ance with Fig. 1.
Connections to the output plug (original) are as follows:

1- Output (phones or speaker)
2- B plus
3- 28 volts plus
4- 28 volts plus
5- Output
6- Screen grid voltage to IF
7- Ground (B minus, filament common)
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CONVERSIONS FOR THE BC-412 OSCILLOSCOPE

The' BC-412 radar oscilloscope was a component of the first mass-
produced ground radar set, the scR-268. This unit is easily recognizable
by its rounded-top case and its excessive weight. Its approximate dimen-
sions are 13 x 20 x 27 inches.

In addition to the 5-tnch cRT, the Bc-ALz scope consists of 12 tubes
which mahe up its associated video amplifiers, sweep circuits, and the
high and low voltage power supplies. It operates from 1lb volts a.c.. at
50 or 60 cycles.

The outstanding feature of this radar scope unit is its two power sup-
plies, the high-vottage cRT supply and the low-voltage 1b0-ma. supply.
with these power supplies and the conversions described hereinf 

-túe

Bc-412 can be made over into a laboratory test oscilloscope or a well
performing television receiver.

This article attempts to briefly ouiline the conversion procedure for
the televisi.on receiver and the laboratory oscilloscope with reference to
tàe before and after schematie diagrams. Itis assumedthat anyone under-
taking either of these conversions, will have a general working knowledge
of this type equipment.

A woRD oF cAUTION: Always be extremely careful when working
with circuits connected ìrith the high voltage supplyl operating voltagei
are of several thousand volts and warrant the use of well insulated toòts.
1{lways turn off the power and short-circuit the high voltage condensers
(with a well insulated tool) before attempting work ór adjustments on this
unit. Remember tàe old phrase, 'beath is so permanent.'ì

TELEVISION RECEryER CONVER,SION

Before any work toward conversion is begun, it is desirable to discard
the heavy case and base which eventually can be replaced with a lighter
and more attractive one.

After noting the HV and LV power supplies and their respective com-
ponents, it is necessary to strip the entire chassis of its wiring and com-
ponents with the exeeption of the two mentioned power supplies. The high
voltage wiring (ignitioncable)should be savedfor use in the converted hi[h
voltage circuits. It will be found that a number of the removed parts can
be used in the new circuits.

In this conversion, it is recommended that the RF/oscillator section,
the video section, and the Audio sectionbe constructed and used on separ-
ate chassis which are mounted on the main scope chassis. This method
affords a much easier conversion as well as accessibility for maintenance
or future changes.

(a) Power Supplies

The low voltage power supply is modified by merely reconnecting its
components as shown in fig. 3. It wilt be noted that the filter section
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utilizes both chokes (44-1 & 44-2) and two of the dual g-mfd. filter capac-
itors (12-3 sz L2-4), The d-c supply voltage under loaded conditions shbutd
not exceed 300 volts.

The high-voltage supply is reconnected so that its output voltage is
positive with respect to ground. Also slight changes are made in the filter
section in order to obtain the correct voltages for the 5-inch cRT (bBp4).
For this circuit arrangement refer to the schematic diagram, fig. 4.

By modifying the high-voltage filter, sufficient voltage may be obtained
to operate a ?-inch cRT such as the ?Ep4 or ?Jp4. This involves in-
creasing the value of the firstfilter capacitor and reducing the value of the
series filter resistance. For this condition referto the schematic diagram
in fig. 3.

should a slightly higher voltage be desired, it can be obtained by utiliz-
ing the potential voltage of the low voltage supply. This is frequenily done
in commercial sets and is accomplished by connecting the low poiential
side of the lrv transformer secondary (grounded side) to the high potential
side of the LV, d-c supply. This arrangement adds the low supply voltage
to the CRT supply voltage.

(b) CRT Circuits

The cRT circuits include the vertical oscillator, vertical amplifier,
horizontal oscillator, horizontal amplifier, synchronizing amplifier and the
cRT controls. The five mentioned stages are grouped in the location
shown in fig. 2, and occupy the former tube sockets on the main scope
chassis.

controls for the cRT circuits, which require least adjustment during
normal operation are brought out on the side of the chassis on a separate
panel. These controls include Height, width, vertical position, Horizontal
Position, and Focus. Due to the high voltages involved and the fact that the
ordinary potentiometers are not designed to operate in these ranges, the
panel must be of the insulated type. Bal<elite or similar material should
be used with insulated couplings or shafts to the HV controls.

Location and layout of the above controls are shown in fig. 2.

(c) Rf & Oscillator Section

This section consists of the mixer (first detector) and the R-F oscil-
lator with their respective components.

It is necessary to construct this section on a completely separate
chassis. The layout of parts is critical to the extent of maintaining as
short leads as possible. The control shafts are located to coincide lith
the panel layout as shown in fig. 2.

For simplicity and ease of operation, a two-section tuning selector
switch is used in conjunction with mica trimrner capacitors to tune the RF
mixer input and HF oscillator. These capacitors are pretuned to the
desired frequencies and are then switched in or out of the circuit with the
tuning selector switch. To provide optimum tuning, a fine tuning control
is employed which separately tunes the oscillator in the band-spread
method. This is accomplished with a variable capacitor of approximately
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3-30 mmfd. which is brought out to the front panel through an insulated
shaft or coupling. During the alignment of the RF/oscillator section, the
fine-tuning variable capacitor should be set approximately to its mid-
capacitance position.

The coils for the RF/oscillator section are made in accordance witl
the following data:

L-1, (ant. coil) - 2 turns, No. 18 enamel, 3/4-inch diameter, with
grounded center-tap; loosely coupled to the mixer
coil.

(mixer coil) - Approximately 3 turns, No. 14 enamel, 3/4-ínch
diameter.

L-2, (osc. coil) - 3 turns, No. 14 enamel, 3/4-inch diameter, with
cathode tap approximately 1 turn from the ground
ed end of coil.

The above coils are self-supporting, air-wound, and mounted as close
to their connection points and as rigidly as possible. Sufficient coupling
between the oscillator and mixer coil is obtained from their close proxi-
mity.

In order to bring the coils to the proper tuning range, they may have
to be compressed or expanded in order to lower or raise their tuning fre-
quency. The normal spacing of turns will be approximately 1/8 inch.

Even though the RF/oscillator chassis includes the mixer IF trans-
former and the tuned "sound trap", essentially tàey are IF components and
are discussed under section (d).

For the general layout of components and location of the RF/osciltator
chassis, refer to fig. 2.

(d) Video IF Section

To avoid the tedious construction work for the video IF coils, effort
should be made to obtain an IF amplifier strip that has the approximate
band pass, frequency, ild amplification. There are a number of such
strips available on the surplus market which can be tuned within the 12 to
21 Mc, range.

One of the preferable IF amplifier strips consists of 5 stages using
WE-?l?'s with a frequency of 19 Mc. Since four stages of this strip offer
sufficient amplification, the 5th stage is replaced with the 2nd detector/
clipper (6H6). The video amplifier stage is also added to the chassis to
complete the video section.

Should a satisfactory IF amplifier strip not be available, other coils,
such as the 20-Mc. IF, slug-tuned coils, from the BC-404 Receiver (com-
ponent of the SCR-270 & 271) can be used. These coils will function well
in the stagger-tuned video amplifier.

The mixer IF transformer consists of two tuned windings. The pri-
mary is tuned to the approximate midpoint between the audio and video IF
frequencies, while t}te secondary is tuned to the audio IF frequency.

Should coils of the above description not be available, they can be
made from old IF transformers from the data given below.

- 4 2 -



* r
2 T

Alignment frequencies for single-tuned coils, as described above, in
order to obtain the required video band pass (3.5 to 4.0 Mc.) are given in
section (f).

The contrast control, in the cathode circuit of the second IF stage,
varies the video IF gain. It is physically mounted underneath the main
chassis directly below the second IF stage. An extended shaft is used to
control the rheostat from the front panel in the position shown in the panel
layout.

Peaking coils used in conjunction with the video amplifier, (La & Lb)
consist of 50 turns of No. 32 wire, wound in approximately l/2 inch length
on 500K. 2-watt resistors.

L-3 L-4 L-8

sEc .2 r .25  MC.
to T. No24

PR1.23 .75  MC.
t2 T.  N.24
E N A M .

r .25  MC. PRI .12  TURNS
NO24 ENAM.

sEc. 12 î.
N"  24
ENAM.,C.T.

BOTH
W I N D I N G S
2 r . 2 5  M C .

1ZT,
N" 24
E N A M .

( - A L L  F O R M  D T A M E T E R S  5 / } i l .  \
\  A L L  W I N D I N G S  C L O S E W O U N D . . /

(e) Audio Section

This section consists of an IF amplifier stage, operating approximately
4.5 Mc. below the video IF, an FM audio detector, first and second audio
amplifier stages, and the associated speaker.

The signal inputto the audio chassis is taken from the mixer output IF
transformer, L-3. The inter-connecting leadbetween the secondary of L-3
and the grid of the audio IF amplifier should be as short as possible.

A conventional discriminator circuit is used for the audio detector
with the double-tuned IF transformer tuned to the audio IF frequency. If
the discriminator IF transformer is not readily available, it can be made
from an old IF transformer from the winding data given above.

A 6-inch PM speaker is used with the conventional plate-to-voice-coil
output transformer, and is mounted to the audio chassis as shown in fig. 2.
The speaker grill consistsof symmetrically drilled, 1/4-inch holes, in the
side of the main chassis at the speaker location.

(f) Adjustments for Operation

After the power supply and CRT circuits are completed, they can be
checked for proper operation. These circuits must function properly
before further tests can t'e made.
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Normal operation of the cRT circuits is indicated when a rectangular
pattern, formed by the vertical and horizontal sweep, can be adjust-ed to
its proper size, position, intensity, ud focus on the cRT screen. Improper
position, size, intensity, and focus indicates improper voltage on tne ele_
ment concerned in the CRT.

so as to obtain prop€r alignment, of the video IF amplifier, a signal
generator should be used. This is essential to stagger the peakíng of-the
different stages for the proper video band pass. rtré uana pass should be
between 3.5 and 4.0 Mc. Each stage is pea-ked to the folowing frequency:

23 .75  Mc.
2L.25 ltlc,
2L ,25  Mc.
2 5 . ? 5  M c .
25 .00  Mc.
23 .?5  Mc.
2 1 . 2 5  M c .

It should be noted t}rat other video IF's can be used in the 12 to 30 Mc.
range, with alignment similar to that given above. occasionally interfer-
ence problems may be encountered from other transmitted signals. such
an example can be a strong or local l0-Meter amateur si[nal coming
through an IF amplifier operating in the 2g to S0 Mc. range.

This effect can be reduced considerably with ttre aaaition of a tuned
RF stage ahead of the first detector, or a tuned trap circuit to reject the
undesired frequency.

Alignment of the audio section is simply accomplished by peaking the
discriminator, IF transformer to the audio IF which is 4.b Mc. betow the
video IF. Final adjustment may be made audibly for the best output.

After aligning the video IF section, the RF and oscillator circuits are
tuned to the desired channels by means of the mica trimmers for each
position of the tuning selector switch. In order to utilize the full range of
fine tuning capacitor, it should be set to its mid-position when alignirr[ trre
RF & oscillator circuits. The above alignment can be done by visúally
observing the CRT screen for optimum picture.

A conventional folded dipote antenna with its associated reflector ele-
ment is recommended and as shown in fig. 1. The antenna should be as
high as practical in an unobstructed area. Direction for the antennais
best determined experimentally by rotating it in the horizontal plane for
maximum signal. Frequenily the final position will be a compromise for
the several television stations in the locality.

For additional receiver circuit information, the schematic diagram,
fig. 4, reprinted from the August '4? issue of the Radio News magizine,
has been included.

LABORATORY TEST OSCILLOSCOPE

After the Bc-412 chassis is stripped of everything except the two
power supplies, the laboratory test oscilloscope can be builf from the
schematic diagram as shown in fig. b.

L-3 (primary)
(secondary)

L-4 (sound trap)
L-5 ,  1s t  IF
L-6. 2nd IF
L-7 ,  3 rd  IF
L-8 (sound dis.)
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This is a proven circuit which follows the conventional form, and
offers a high sensitivity with a flat response from 20 to 20,000 cps.

For test scope use, the 58P1, with which the BC-412's are usually
equipped, is satisfactory.

In order to obtain sufficient over-lap of the coarse frequency adjust-
ment, it may be necessary to select capacitor values for the proper sweep
frequency range.

The bulky and heavy case is discarded for a lighter and more attrac-
tive one which wiII add to the appearanceof the completedtest instrument.
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BC-645 CONVERSION FOR 420-MC. OPERATION

Although the BC-645 originally was designed for use by the armed
forces an airborne IFF equipment, the equipment may be converted to
form a complete transmitter and receiver for the 420-Mc. band. The unit
originally operated in the frequency range between 4?0 and 4gb Mc. and
transmitted either a pulse signal or a c-w signal modulated by a 30-kc.
wave. The unit acted as a transpondor when it emitted pulse signals; that
is to say that the pulse emissions of the transmitter were triggered by
incoming pulse signals which had been detected by the receiver.

Theoveral l  dimensionsof the BC44b ue l}- l f  2" by l3- l f  Z,,by4_L/Z' , ,
with the weight of the unit being about 25 pounds. power for both the
transmitter and the receiver were supplied by a pE-101 dynamotor which
operated from either a l2-volt or a 24-voLt d-c source.

This article describes the BC-645 and its conversion in the following
sections with references to the included diagrams:

(a) General Description and Operation
(b) Transmitter Conversion
(c) Receiver Conversion
(d) Mechanical Modifications
(e) Power Supply
(f ) Operation of the Converted Unit

(a) General Description and Operation:

The transmitter section includes the following tubes with their re-
spective functions:

WE-316A (VT-15) Self-excited power oscillator
6FG (VT-13) Pulse modulator
6FO (VT-14) 30kc. oscillator/modulator
7F7 (VT-12) Pulse ampti f ier

The wE-316Ais a self-excited poweroscillator using a tuned-Iinetank
circuit which determinesits frequency. Its outputis coupled to the antenna
plug through a variabLe pick-up loop and a short section of rigid coaxial
line. T\yo separate 6F6 modulators are used. One is used as a pulse mod-
ulator which is driven by the ?F7 pulse amplifiers. The other 6F6 is a
3Okc. oscillator and modulates the power oscillator when brought into the
circuit by relay No. 6.

The superhet receiver and its associated output circuits consist of 11
tubes. Tuned lines are employed in the antema input and the hf oscillator
circuits. Acorn type, 955 tubes are used for the hf oscillator and the first
detector with the first detector functioningas a diode withan injector grid.

The IF amplifier consists of three stages operating at 40Mc. and uses
7H7 type tubes in all three stages.

The second detector output, after being amplified by the three video
stages, is divided, half of which is used to pulse modulate the transmitter

- 5 3 -



through the pulse amplifiers. The other half operates the sequence relays
through appropriate timing multivibrator circuits.

Before beginning the circuit conversion of this unit, it is suggested
that all excess components be removed from the chassis. This is essen-
tial because of the Iimited space in the unitl also, removal of these parts
wiII result in a neater looking conversion.

The unused components that should be removed include the fo[owing:

(1) All relays except relay #1
(2) AII potentiometers
(3) Two-position switch at front of case
(4) 30-kc. oscillator coil (used with VT-14)
(5) Resistor/capacitor terminal boards (the

two located on each side of the center
divider on underside of chassis)

(b) Transmitter Conversion:

In order to lower the tuning of the self-excited power oscillator to the
420-450 Mc. band, it is necessary electrically to lengthen the tuning line.
This is accomplished by adding a circular type neutralizing capacitor
across the open end of the line. The removal of relay #2 provides space
for the added capacitor. By thls method of Iowering the tuning to the 420-
450 Mc. band, the increasein equivalent physicaltength would approximate
L/2 ínch.

The remainder of the transmitter conversion consists of revamping
the modulator for voice modulation.

In orderto obtain 100 percent modulationof the WE-316A, it is neces-
sary to use both 6F6's (VT-13 & VT-14) operating in parallel. These
stages are driven from the two-stage speech amplifier, ?F? VT-12, cotF
verted as shown in Fig.2. Sufficient gain is provided by the speech ampli-
fier for crystal or dynamic,microphone use.

It wiII be noted from the converted diagram thatthe two parallel Heis-
ing modulators require a heavier modulating choke than was used in the
existing circuit.

Relay #1 is used as the send-receive relay and is actuated from the
microphone circuit. This relay operates from 12 volts at approximately
3 ma.

(c) Receiver Conversion:

Since the antenna circuit will tune down to the 420-450 Mc. band, no
alteration is required; however, the M oscillator line must be physically
Iengthened to tune down to this range. This is accomplished by soldering
a L/2 inch extension to the end of the line (the end away from the oscilla-
tor tube.) The shorting bar is then moved to the new end of the tuning
line.

No other changes are required in the RF and oscillator sections of the
receiver.

- 5 4 -
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Even though the IF amplifier section will operate satisfactorily as iswtthout bias (other.than the Avc), better performanc" "* be outairied uy
adding cathode resistors to ground with their respective by-pass capaci_
tors. This providing of cathode bias for the IF stages gives a uLtter
signal-to-noise ratio. For the above alteration, refer-to the circuit dia_
gram in fig. 2.

- The existing audio section requires considerable modification to adapt
it for A2 or A3 reception.
- Beginning at the 9e9ond detector, the ?86 (vr-6) stage is changed to
function as the second detector, AVC, and the first audio implifier in the
conventional manner. If more audio gain is desired, the ?E6 may be re-
placed with a higher mu (triode section) equivalent, such as the ?E}6. The
only circuit alteration required for this change is the substitution of the
proper value cathode resistor.

An AF gain control is added in the grid circuit of the first audio stage
as shown in fig. 2.

For the audio output stage a ?cb tube is added with an appropriate
plate-to-voice-coil output transformer. This stage is RC couptea trom
the first audio stage in the normal manner, and ràplaces the former ?F?
(vr-9) tube. Due to its height the added ?cb must occupy the location of
the former relay #3. Required socket connections ana aodeo components
are shown in fig. 2.

In adding the ?c5 output tube, it will be noted that its complementary
series tube, vr-8, in the 12-volt heater circuit is shunted with a 40-ohm
2-watt resistor to provide the proper heater current for the ?cb.

(d) Mechanical Modifications:

As previously mentioned, all excess circuit components should be re-
moved for the ease of conversion. This becomes apparent when in some
cases special long soldering iron tips have been recommended for working
in these close quarters. It should also be noted that the IF coits are quité
fragile and extreme care should be exercised to avoid damaging them.

To provide an external oscillator tuning control, the following approach
is quite simple and eliminates a special "hex-nut" alignment tool:

CUT OFF
- /  

INSULATED coUPLING

a^y* t
f f i

) "  {  er - r -eN-HEAD scREw

@- 

oscl LLAToR TUN ING E'I-EMENT
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It is suggested that the existing antenna connectors be replaced with
standard coaxial fittings. This is advisable since the mating plugs for the
present connectors are difficult to obtain and are also quite expensive.

To add the final touch to the converted BC-645, a front panel arrange-
ment should be made to carry the controls, jacks, power plug, and any
other refinements that may be desired.

The panel can be made of 1/16-inch aluminum with the receiver gain
control and speaker jack on the left side and the transmitter mike gain
control and mike jack on the right. The power plug can be mounted in the
center of the panel.

(e) Power Supply:

The power requirements for the converted BC-645 are 400 volts d.c.
at 165 ma., and 12 volts at approximately 2.4 amperes.

The a-c power supply shown in fig. 3 is designed to fi l l  the above re-
quirements and should be self explanatory. It should be noted that the
12 volt d-c source required for relay #1 is obtained from a tap on the
bleeder resistor. This relay may be operated from a 12-volt battery with
a current drain of approximately 3 ma.

Should the BC-645 be desired for mobile operation, the regular dyna-
motor pE-101 can be used as shown in the plug connections diagram in
fig. 4.

For 6-volt operation, revision of the fi lament circuit is required. It
should be noted that this is a rather difficult job and may also cause in-
stabil ity in the IF amplif iers.

(f) Operation of the Converted Unit:

The transmitter is simply tuned by the capacitor located at the end of
its tuned-line tank circuit. A 6-volt (blue bead) pilot lamp makes a good
resonance indicator and will burn from l/2 to full brilliance when brought
in contact with the antenna or the center iead of the coax cable.

Before operation the receivertubes should be checked fortheir proper
"8" voltage. The voltage on the acorn tubes (955's) should be 200 to 250
volts with approximately 250volts on the other tubes. The series dropping
resistor in the plate voltage suppiy lead may have to be changed for the
above voltages.

A tuning reaction between the oscil lator and antenna circuits wii l be
apparentwhen tuning the receiver. Simultaneous tuning of the two ci.rcuits,
rechecking the antenna tuning after each change in oscillator tuning pro-
vides the best adjustment.

Both receiverandtransmit ter  are designedfor  a 5Gohmload.  RG-8/U
coaxial cable which is availableon the surplus market meetsthe above re-
quirements.
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BC-946-B RECEIVER - CONVERSION
FOR USE ON 6 VOLTS D.C. (eUrO RADrO)

Introduction:

The BC-946-B receiver is one designed for use in Army aircraft and
is of all aluminum construction. It weighs about 6 pounds and is approxi-
mately 5" x 8" x 12" in size.

The unit incorporates a 6-tube superhet circuit coveringthe frequency
range of 520 kc. to 1500 kc. by means ofa directly calibrated vernier dial.
The unit is designed to operate from a 28-volt d-c dynamotor, but the in-
structions herein will explain how it can be easiiy adapted for 6-volt bat-
tery operation. The receiver's excellent shielding makes it a natural for
mobile use.

The conversion data as covered in this article will cover a typical
auto installation in use at present by the author in conjunction with a 10-
meter converter.

Conversion Instructions:

In order that he may have the general picture in mind, it is suggested
that the reader briefly scanthis entire article before commencing work on
the receiver.

The following steps will be covered in detail:

Removal of present CW oscillator stage
Addition of first a-f stage in place of c-w Osc.
Rewiring filaments for 6 volts
Replacing output transformer
Moving antenna post
Addition of vibrator power supply or dynamotor
Installation using FT-220-A rack
Selectivity adj ustments
Noise limiter circuit

(a) Removal of Present CW Oscillator Stage:

Remove all wiresto terminals 6 and 2 of the 12SR? tube, and all wires
to terminal 5 of the 12A6 tube. This operation makes the following compo-
nent parts useless and they should be removed to give space: Rl4, C26,
Lrz, Ll3,  C27, C28, R15, C25, Rlg, R19, R20, R16, R1?, C2g. ( I t  wi l l  be
necessary to refer to the circuit diagram in order to locate and remove
these parts.)

(b) Addition of First A-F Stage In Place Of C-W Oscillator:

The triode section of the 12SR? tube is now free aftertheabovechange,
and a stage of resistance-coupled amplification can be substituted. The
diagram (Fig. 2) will clearly show the manner in which this is added. It

(a)
(b)
( c )
(d)
(e)
( f )
(g)
(h)
( r  )
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will be noted that an audio volume control is included in the revision. The
control is physically mounted on the front panel in place of the present
plug. The plug wiring is removed completely and discarded except for the
wire labeled "Gain control l ine" on the circuit diagram. (Front plug is j1.)

This wire is removed and connected to ground.
This is the RF gain control line. Originally an external control was

used to control the gain. However, in this modification an AF gain control
is used and the RF gain control line is connected to ground, Ieaving the
RF gain wide open as is normal in broadcast receivers.

A dural plate is made to just fit in place of the plug, and the AF gain
control (500,000 ohms) is mounted in the center of the plate.

It will also be noted that a noise silencer circuit is included in the
circuit. This can be built as an individual unit if desired and mounted in a
small can alongside the receiver, or it can be built directly into the set,
depending upon whether the reader desires to use the silencer for other
purposes at some future date.

(c) Rewiring Filament For 6 Volts:

This step might have been accomplished first, but the removal of the
CW osc circuit allows more room for rewiring the fi laments.

Rewire all tubes in parallel as in the diagram below. Attention to the
original f i lament circuit as given wil l readily show the few wires neees-
sary to be moved.

12SK7 rzKE reSKT t2SK7 t2SR7 12^ '6

O R  I G I N A L

M O D  I F I C A T I O N

It will be necessary to replace the l2-volt tubes with their 6-volt
equivalents as follows: replace 12SK? with 6SK?, 12K8 with 6K8, 12SR?
with 6SR? or 6SQ?, and replace the 12A6 with either a 6K6, 6V6, or 6F6.

(d) Replacement of the Output Transformer:

The present output transformer should be replaced with a unit which
will match the chosen output tube to the voice coil of a PM dynamic speak-
er. If a very small transformer of the replacement type is obtained it

v 6  Y  v 7  v 8
I . F . : D E T .  À  A U D I O- c.w. osc,
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may be installed in the place of the original transformer. The output lead(one side is grounded)-is run direcily to the rear plug in accordance withthe general diagram of figure 3.

(e) Moving of Antenna post:

It is advisable to remove the present antenna post and replace it with
a standard bayonet receptacle as used on most auto radios. In addition,it is suggested that this receptacle be installed on the side of the receiveí
instead of in front for convenience.

(fl Addition of Vibrator power Supply or Dynamotor:

Any standard 6-v-olt vibrator power supplythat will give approximately
160 to 250 volts at 40 ma. can be used on this receivei. Thè- supply canbe mounted on the space where the former dynamotor was installed. It canbe a commercial ready-built unit such as a Mallory vibrapack, o" "standard circuit buirt and mounted on the rear of the chassis.

A very easily obtained power supply for this unit can be created byusing a l2-volt dynamotor such as is used in the Bc-312 receiver. Thisdynamotor will run from 6 volts d.c. and put out sufficient voltage with noconversion.
It will be necessary to remove the former dynamotor plug ontop of thechassis. Remove the plug and all wires except the B plus connection

which should be re,.^oved and connected to the B plus of the power suppry
used.

(g) Installation Using FT 220 A Rack:

In the author's installation, the FT zz0 Arack was purchased for less
than $ 1 and one section sawed off to take the receive". irnu rack is made
for 3 receivers.) The rack is mounted under the daÀh of the car and
allows the receiver to slip in and out quite easily. The fuse mounted on
the rear of the rack was used for the A voltage fuÀe, and the toggle switch
on front was rewired for a standby switch in ttre É plus lead iJ shown in
figure 3.

(h) Selectivity Adjustments:

The selectivity of the _receiver is quite high for broadcast reception.
If desired, the tuning can be broadened by incieasing the coupling òt tne
IF transformers. This can be doneby pushing down,Jtt tne way, thl small
fibre rod protruding from the IF cans.

(i) Noise Limiter Circuit:

The noise silencer circuit shown in figure 2 has proven to be very
effective. The neon-tube peak limiter across the outpit transformer is
then not needed.

- 6 4 -
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CONVERTING THE SCR-274N COMMAND SET RXCEryER,S
(BC-453 Series)

"q-b'er" coNvERsIoN IO-METER CONVERSION

Introduction:

The SCR-2?4N series of command-set receivers includes the BC-4b9,
BC-454, and the BC-455. Almost identical counterparts to these three are
available in the ARC-5 command-set series.

The 8G453 (andits ARC,-5 equivalent) is quite effective and justifiably
popular as a "sharp-channel" i-f systemto follow a conventional communi-
cations receiver. Either the BC-454 or the BC-455 may be used intaet as
a communications receiver, but it will be found that the receivers are ex-
cessively broad in selectivity due to the high value of intermediate fre-
quency which is employed. However, due to this relatively high i.f. either
of the latter types of receiver may be converted for image-free operation
on the lO-meter band by revamping the r-f coil assembly and the main
tuning capacitor. In addition, several changes are required in the audio
circuit. These changes are similar to those suggested previously for the
BC-9468 conversion.

(a) GeneralDescription:

The command-set receivers, designedfor aircraft use, are light, very
compact, and totally shielded in an aluminum case. Each is a 6-tube
superheterodyne with one r-f stage, two i-f stages, mixer, detector, beat
oscillator and audio. All are designed to operate from a 28-volt d-c
source, with a dynamotor supplying the plate voltage.

The units of this series are substantially identical with the exception
of the main tuning capacitor, and the r-f and i-f coils which are plug-in
units. Frequency coverages and intermediate frequencies are as follows:

Unit
BC-453
BC-454
BC-455

Frequency Coverage
190 to 550 kc.

3 t o 6 M c .
6 to 9.1 Mc.

Intermediate Frequency
85 kc.

1415 kc .
2830 kc.

CoiI Assembly:(b) Ten-Meter Conversion--Modifying the R-F

This modification involves rewinding of the coils in the plug-in coil
assembly to obtaincoverage of the 28-Mc. band. Modification of the tuning
capacitors to obtain bandspread operation is discussed in a later paragraph.

L 1 (Ant. coii) - Remove the existing winding and rewind with 6 turns of
#18 enameled wire, space wound the full length of the coil form.

L 2 (RF mixer coit) - Remove the existing "honey-comb" coil with the ex-
ception of the last layer. This wil.I leave approximately 9 turns for
L 2 .
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L 3 (RF mixer coil) - Removethe existingwinding and rewindwith b turns
of #18 enameled wire, spacing the winding evenly the full length of the
coil form.

L 4 (Osc. coil) - No alteration is necessary on this coil.
L 5 (Osc. coil) - Remove the existing winding and rewind with b turns of

#18 enameled wire, close spaced. L 5 should be between l/8 and,3/16
inch from L 4.

(c) Modify ing the Tuning Capacitor:

In order to provide sufficient spreadof the lGmeter band, it is neces-
sary to reducethe capacitance of each section ofthe tuning capacitor. This
is accomplished by removing all the rotor plates except the two end ones
in each section. Care should be taken so as not to damage the remaining
plates.

rvVith two rotor plates in each section, the band spreadfor 2? to 30 Mc.
wil l be approximately 3.5 to 4,7 on the calibrated dial. Using only one
rotor plate per section, the27 to 30Mc. band wil l cover approximately the
entire dial of the receiver.

To facil i tate alignment of the receiver after modification, dri l l  neces-
sary holes (l/4") to expose the trimmer capacitor adjustment screws with
the shields in place. Since the added cppacitance of the shieids tends to
detune the circuit, i t is preferable to align the receiver with the coil
shields in place.

It should be noted that the oscillator frequency must be tuned above
the incoming frequency to obtain tracking over the entire dial.

(d) Changes in the Audio Circuit:

Unless the BFO (V-? stage) is specifically desired, it should be con-
verted to a first audio amplifier. This additional stage gives sufficient
increase in audio gain for satisfactory speaker operation.

Even though some conversions use the existing RF gain control me-
thod (approximately 20K. variable between cathode and ground), it is gen-
erally preferred to have the RF gain remain maximum and use the con-
ventional AF gain control. This is a convenient addition, especially if
stage V-? is changed to the first audio amplifier as mentioned above and
as shown in Fig. 1. When the AF gain control is used, the cathode buss
lead (Iabeled "gain control l ine") to pin #1 of J-1 is connected directly to
ground.

With reference to Fig. 1 it wil l be noted that the 12A6 (V-8) is used as
the output stage, R-C coupled to the first audio stage through the AF gain
control. A conventional plate to voice-coil output transformer replaces
the existing output transformer T1. The output transformer used must
match the speaker voice-coil impedance to the required plate load impe-
dance of the 12A6; this is approximately ?500 ohms. The existing output
transformer, T1, is designed for a load impedance of either 300 ohms or
4000 ohms. These outputs were used for headphone reception.

V2 is a neon type, peak-limiting device and should be removed unless
specifically desired.
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For headphone reception with the above modification of the audio cir-
cuit, and operrcircuiting type jack should be used at the plate output of the
first audio amplif ier. This jack is inserted betweenthe coupling capacitor,
C-29,  and the gr id of  the 12A6.

(e) AVC Circuit:

For optimum signalto noise performance, the RFstage should operate
at maximum gain. This requires removing the AVC voltage from this
stage. To do this, disconnect R2 from the AVC line and ground at some
convenient point. (R2 is V3 grid resistor.)

Due to the high gain of the RF and IF sections of this set, some AVC
action is obtained from the existing circuit. (Diode action of control
grid of second IF amplif ier.) If more AVC is desired, it can be obtained
from the unused diode plate of V-? (12SR7) in the conventional manner.
For this change refer to Fig. 1.

In using the diode section of V-7 for the AVC, it is necessary to re-
move Rll from the V-6 grid circuit. Refer to Fig. 1 for the added AVC
components to V-7.

(f) Power Supply:

The most convenient AC power supply to use with these receivers is
the one shown in Fig. 2. By using the cathode type rectif ier (6Xb), the 5
and 6.3 volt windingsare usedin series which gives approximately 12volts
for f i lament supply. This permits the use of the existing tubes with just
minor changes in the filament circuit as shown in Fig. 2.

Correct polarity (phasing) of the two filament windings should be ob-
served to obtain the proper additive voltage.

(g) Mechanical Modifications:

To complete the receiver conversion, the following mechanical modi-
fications should be made:

The added controls, OFF-ON switch, volume control, and headphone
jack should be brought out in the front panel. This is accomplished by
removing all of the hardware of the J-1 plug assembly located on the front
panel. An aluminum plate is mounted over the opening left by the J-1 plug
and serves as a panel mount for the controls.

When removing j-1, all connecting leads can be removed from the set
except the one labeled "gain 

control l ine" which is connected to pin #1.
This lead is grounded as stated above in section (d).

Witha bit of ingenuity and patience, the power supply can be located on
the receiver chassis in the former dynamotor position. However, if the
power supply is constructed as a separate component, the ]-3 position can
be used as the connecting plug.

AII leads can be removed from f -2; lead to pin #2 is the fi lament lead
and is connected to the new filament source.

It is apparent that the several components connected to ]-3 are not
needed for AC operation and canbe removedto provide more space for the
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modiflcations and additional parts as were the BFo components of the v-?
stage.

NOTE: For schematic diagram refer to Fig. 1 of the BC 946.

(h) Use of the BC-453A as a "q-b'er":

The BC-453A command receiver operates with an i.f. of gb kc., which
permits it to have an unusually sharp response characteristic. The normal
method of using this receiver as a "q-b'er" is to convert the audio system
and the power supply as just described, and then to couple a shielded wire
with a probe on the end into the communications receivèr in the region of
the last i-f stage. The BC-4b3 wiil operate, without modificatiori, a, "
sharp i-f channel for any receiver having an intermediate frequency from
190 to 550 kc. Greatest selectivity will be obtained with the fibei rods
which protrude from the center of the top of each of the i-f transformers
pulled out as far as they will go for each of the three transformers. This
degree of selectivity, which may be too much for comfortable listening to
a phone contact, may be reduced by stagger tuning the i-f transformèrs
slightly, or by pushing down one or more of the fibir rods.

The BC-453A may be operated in conjunctionwitha BG34g as a sharp
channel either by making modifications in the r-f coil assembly of thì
BC-453A or bv using a frequency-converter stage. It is possible to re-
move turns from the coils in the r-f assembly until the fiont end of the
receiver wiLl tune to the 915-kc. i.f. of the Bc-349. The alternative
method of using the BC-453A in conjunction with the BC-34g is to use an
ou]b9qd mixer stage between the output of the Bc-34B and the input of the
Bc-453A. This mixer stage should accept the glb kc. signal from the
Bc-348 and convert it, using conventional broadcast receiver components,
to a frequency in the vicinity of 456 kc. for feeding to the input of the nc-
453A. A 6sA? tube is idealty suited to performing the frequency conver-
sion which is required.
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CONVERTING THE BC-45?A TRANSMITTER
SERTES (SCR-274N) rOn USE AS VFO

lntroduction:

This series of transmitters was designed for use in Army aircraft
and, for all practical purposes, the following data will also be applicable to
the Navy version (ARC-5 Series).

Frequency coverage of units:

BC 45?A 4 to 5.3 Mc.  (Crysta l  check point  at  4600 kc. )
"  4 5 8 A  5 . 3 t o 7 M c .  (  "  r r  r r  "  6 2 0 0  "  

)"  4 5 9 A  7 t o 9 . 1  M c .  (  "  r r  r r  "  9 0 0 0  "  
)"  6 9 6 A  3 t o 4 . 0 M c .  (  "  r r  r r  "  3 5 0 0  "  
)

The circuit schematic included as part of this article is for the
BC 4584, but it is typical of all the models including the Navy ARC-5
ser ies.

The output frequency is governed by the directly calibrated tuning dial
and has nothing to do with the crystal in the unit. This crystal is merely
used as a check on dial calibration and can be changed to any frequency
desired, providing the pin connections are observed on the crystal,

The tuning eye (1629) originally obtained part of it 's operating bias
from the 24-volt DC source, and, in order to allow this tube to function
normally with AC on the fi laments, remove resistors R-?0 and R-7? from
V-53. Replace R-?? with a 2000 or 2500-ohm 1-watt resistor. The tuning
eye wil l now function nicely. To calibrate the unit, set the dial to fre-
quency of the crystal in the unit and insert a screwdriver in the opening
under the slide in front of the 1629 compartment. Adjust this trimmer
(Osc trimrner) for ma><imum shadow on the 1629 tuaing eye. Clockwise
rotation lowers the frequency.

Connections to the unitwil l be greatly simplif ied if a rack is purchased
which was designed to hold this size unit, and if not used intact, the plug
can be removed and used to make power connections. Otherwise the power
leads wil l have to be soldered directly to the terminals of the piug on the
rear of the unit.

To Convert For Use As VFO:

]am the bottom relay closed (K53) or short out the associated contacts.
(This relay was used as a keying relay and applied plate voltage to the
Osc while at the same time shorting out R75.)
Solder the top relay (K54) to the antenna post. This relay originally
grounded out the antenna when the transmitter was not in use.
Connect 24 volts AC (1 amp), to terminals 1 and 6 of the plug for f i la-
ment voltage. (If desired, the fi laments may be easily rewired for
12 volts by referring to the schematic.)

1 .

2 .

3 .
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4. connect approximately 300 volts to terminals 1 and ? for the power
Amplifier plate voltage (1625's). (Terminat 1 is ground.)

5. connect approximately 200 volts to terminals 1 and 4 for the power
Amplifier Screen voltage.

6. connect 180 to 200 volts to terminals 1 and 3 for the osc plate voltage.
(For stable operation this should be from a regulated supply.)

7, couple the output of the unit thru a coaxial cable or twisted pair to
your transmitter's v.f.o. input.

8. If trouble is experienced with oscilLations, it may be wise to remove
the antenna tuning coil L52 completely from the unit. If this is done,
the secondary of r54 can be brought out to the original antenna post
and to an added one, allowing a balanced (ungrounded) line to your
transmitter.

9. It may also be desirable to add a midget phone jack in the lower left
hand corner of the unit and wire in series with the 162b cathode cir-
cuit. A milliammeter may then be plugged into this jack to read plate
current of the 1625's.

NorE: All terminal designations given above are for Bc-4b?A series, the
plug connections, of which are shown immediately below. For the ARC-5
series, refer to the alternative plug-connection diagram below.

P L U G  C O N N E C T I O N S  A F T E R  M O D I F T C A T I O N  F O R  V . F . O .  ( E C A S Z N  S E R I E S )

e4 voLTs Ac
NOT USED
OSC.  PLATE VOLTAGE ( rOEO)
PA SCREEN VOLTAOE ( reeS)
NOT USED
24 VOLTS AC
PA HrcH  VOLTAGE ( reaS ,S )

P L U G  C O N N E C T I O N S  A F T E R  M O D I F I C A T I O N  F O R  V . F . O .  ( E N C - S  S E R I E S )

NOT USED
OSC. PLATE VOLTAGE
N O T  U S E D
24 voLTS (e Xo)
24 VOLTS
PA SCREEN VOLTAGE
P A  H I O H  V O L T A G E

F A C I N G  R E A R  O F
T R A N S M I Î T E R

1 .
2 _
3 .
4 ,
5.
6 ,
7 ,

t .
2 .
3 .
4 ,
5 .
6 .
7,
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ScHEMATIC 0F Bc-458A (5.3 -  7 Mcs)
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CONVERTING THE JCR-522
(Transmitter-Receiver)

A popular piece of v.h.f. radio equipment that has been quite common
on the surpluÀ market is the SCR-522 (atso SCR-542) communication
transmitter-receiver. In the military service it was generally known as
the v.h.f. communication set used in the larger aircraft for inter-aircraft
and air-ground communication. The ground version of the SCR-522 in-
cluded séveral additional components such as a power unit, antenna, and
antenna mast.

power requirementsfor the scR-522 are 2gvolts d.c. ,  at  11.5 amperes
(maximum), *ith the PE-94A dynamotor furnishingthe required "B" supply.
Identical to the scR-522, the SCR-542 operates from 14 volts dc., at 23
amperes, and uses the PE-9BA dynamotor.

This set, consisting of an automatically-tuned, four-channel, crystal-
controlled transmitter-receiver, operates in the range of 100 to 156 Mc.
The frequency channels are determined by the four sets of crystals used.
This frequency range covers many ofthe important services including air-
port control, police, railroad, air navigation aids, facsimile, urban tele-
phone, and of course the 144 to 148 Mc. amateur band.

The complete scR-522 Radio Set consists of the following components:

T r a n s m i t t e r . . . .  B C - 6 2 5
Receiver ' BC-624
Dynamotor Unit . PE-94A
R a c k .  . . F T - 2 2 4
case '  '  cs-80
control  Box'  '  '  '  Bc-602
]ack Boxes (for crew interphone) BC-629, BC-630,

and BC-631

The conversion of the SCR-522 for amateur use involves the two basic
components, the transmitter, Bc-625, and the receiver, BC-624. These
wiltbe discussed separately since it is generally preferable to use them
as separate units for stationary operation. For mobile operation, the units
*"y b" replaced in their original case and operated from the original dy-
namotor,  PE-94A.

Transmitter,  BC-625:

The conversion and modification of the BC-625 is discussed under the
following section headings:

(a) General Description and Operation
(b) Circuit Changes
(c) Power SuPPIY
(d) Mechanicai Modifications

(a) General Description and Operation:

This transmitter with oniy slight modification makes an excellent low-
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power transmitter for either stationary or mobile use. With the recom-
mended power supply, it wil l deliver 12 to 15 watts to the antenna; or it
may be successfully used to drive a large po'ù/er amptif ier on 144 Mc.
where h igher  power is  desi red.

The transmitter tube complement consists of seven tubes, three of
which comprise the modulator, and four in the RF section.

Beginning with the RF section, VT-198A (6G6-G) is a modified pierce
crystal oscil lator which doubles its frequency in the plate circuit. For
operation in the 144-l4B Mc. range, it is necessary to use a crystal fre-
quency in the range of 8.0 to 8.255 Mc.; the power amplif ier output is the
18th harmonic of the crystal frequency.

The plate output of the crystal oscil lator, which is at 16 Mc., is
tripled in the next stage to 48 Mc. This stage is the VT-134 (12A6) and
drives the third stage, VT-118 (832), which also is a tripler. This brings
the frequency uptothe final frequency oî 144 Mc. The output of the second
tripler is coupled into the final with the hair-pin type of tank tuned with a
split-stator butterfly capacitor. The final power amplif ier VT-l18 (832)
operates as a straight amplifier and is coupled to the antenna through a
variable swinging link.

It wil l be noted upon inspection that alL coils are of the silver-plated
type. Another point worthy of mention, is that the antenna loading can be
anything between 20 and 500 ohms. However, it wil l be most convenient to
use 52 ohm coaxial cable which matches the receiver input impedance and
which also is the most readily available on the surplus market.

In  some models of  the SCR-522,  a VT-199 (6557) s tage is  used as an
RF indicator. This stage is connected as a diode and coupled with a pick-
u:: loop into the final tank circui.t.

The modulator section of the transmitter consists of a speech ampli-
f ier, VT-199 (6557), which is driven by a carbon mike through the input
transformer 158. This stage also acts as an audio oscil lator when tone
modulation is used. The speech amplif ier in turn drives the push-pull
modulators,  VT-134's (12A6's) ,  which modulate the p late and screen of  the
final RF amplif ier and the screen of the driver stage through the modula-
tion transformer 160.

(b) Circuit Changes:

Voice modulation with the existing modulator is accomplished with a
single or double button carbon mike through input transformer 158. If a
single button mike is used, only half of the transformer primary is used
with the center-tap grounded as shown in fig. 1. If a crystal mike is con-
s idered,  i t  wi l l  be necessary to add an addi t ional  pre-ampl i f ier tothemod-
ulator input. This can be a conventional voltage amplif ier using a high mu
triode with a 12-volt heater such as the 12F5. An alternative approach is
using the unnecessary RF indicator stage VT-199 (6S5?) rewired in the
conventional manner as the pre-amplif ier stage.

The T-1?, which is readily available on the surplus market, wil l oper-
ate very satisfactori ly with the transmitter as a carbon mike.

If modulated c-w operation is desired, in addition to voice, it can be
easily obtained by keying the cathode circuit of the speech amplif ier, 655?
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(VT-199), when it operates as an audio oscil lator. This is conveniently
done by inserting a normally-closed-circuit keying jack in the cathode
circuit as shown in fig. 1. It is also necessary to install a double-throw
single-pole switch in the grid circuit of the 655?. This switch changes the
operation of the normal speech amplif ier to an audio oscil lator, thus giving
the audio tone necessary for ICW. This switch as shown in fig. 1 merely
replaces the grid circuit contacts that formerly existed on relay No. 131.

Since the mechanical tuning arrangement is removed from the trans-
mitter and discarded as discussedin section (d), it is necessary to provide
a crystal selector switch in order to uti l ize the different crystals. This is
accomplished by a four-position single-pole switch as shown in fig. 1. The
switch is physically located onthe front panel as shown inthe panel layout,
f ig .  2.

To facil i tate tuning and operation, it is necessary to meter the plate
and grid circuits in the conventional manner. This was accomplished by a
switching arrangement and metering leads which were brought outto jacks
for a separate external meter. As shown in fig. 2, a O-l d-c mill iammeter
can be mounted on the panel with the metering leads run directly to the
meter. The selector switch shaft is then extended and controlled from the
panel .

Since metering is practically a necessity for tuning up a transmitter,
the added meter is a worth-while addition that wiII complete and dress-up
the appearance of the converted transmitter.

After the BC-625 is converted and connected to the power supply,
described in section (c), it can be tuned up on the 144 Mc band in the con-
ventional manner. The following chart gives the resonant conditions of the
different stages, using the O-1 mill iammeter in the respective circuit po-
sit ions as selected by the metering selector switch:

Sw. Pos. Circuit Normal Meter
Reading

Actual Current
(ma)

Full Scale
Represents

No.  1

No.  2

No. 3
No.  4
No.  5
No.  6

1st freq.
mult. plate
2nd freq.
mult. plate
PA plate +

Not used *'

PA grid
OFF (open
position)

0.4

0 . 5

0 .6  -  0 .?

0 . 5  -  1 . 0

40

50

60-?0

1 .0  -  2 .0

50

100

100

2

posi
* Adjust antenna loading.

** Used on some models in conjunction with RF indicator, full
scale represents 1 ma.

The above data are the approximate values that can be expected when
using a plate supply of 300volts at approximately 260 ma. This represents
approximately 20 watts input to the final which under normal conditions
shoul.d give about 12 watts to the antenna.
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(c) Power Supply:

The power supply required to operate the BC-62b his to supply 12
volts at 2.4 amperes for the heaters, and to supply a plate toad of ioo -a.
at 300 volts. A fixed negative bias of 1b0 volts is alsò required.

The easiest method for obtaining the bias voltage is irom the bleeder
which is tapped at ground thus giving the required bias voltage below
ground potential. If this method is not convenient, the bias may bJobtained
from a battery source since the current drain is very low.

A power supply'designed to meet the above réquirements is shown
complete in fig. 3, and should be self-explanatory. It wii l be noted that the
recommended rectif ier tube operates very near its upper l imit; however
for normal transmitter use, it wil l operate very satisfaòtorily.

(d) Mechanical Modifications:

The mechanical modifications primarily pertain to the added panel
with its associated controls as shown in fig. 2. In order to add the nàces-
sary tuning controls, it is necessary to disconnect the tuning capacitor
shafts from the ratchet tuning mechanism. It is not necessary to iemove
the ratchet assembly itself since the shaft extensions extend ihrough this
assenrbly.

The panel used is of standard relay rack dimensions and is mounted
to the transmitter chassis with 3 inch brackets, It carries all of the desis-
nated controls as well as the O-1 mill iammeter.
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Receiver, BC-624:

As the receiver component of the SCR-522, the BC-624 lends itself
nicely to conversion for the two meter enthusiasts.

From the general description it becomes apparent that there is more
required in converting the BC-624 than its companion component, the
BC-625 transmitter. Even though the conversion appears diff icult, i t is
generally considered a rather easy and interesting onetothe average ham.

It wil l also be apparent that some of the described refinements are
optional and not essential for putting the set into operation. However, in
most instancès, these optional features areincorporated as wellas a num-
ber of the personal touches. This is not out of l ine in doing justice to a
well designed receiver such as the BC-624 which wil l perform with best
of them.

The following topics of conversion wil l be discussed in detail with re-
ferences to the schematic diagrams and drawings:

General Description and Operation
The HF Oscil lator Circuit
Revamping the Second Detector and Adding the Noise Limiter
The First Audio and Addition of the "S"-Meter

Adding the Second Audio, Power Amplif ier Stage
Power Supply for the BC-624
Tuning Mechanism
Mechanical Modifications and Panel Layout
Performanc e Information

(a) Generai Description and Operation

This receiver is a l0-tube superhet with an intermediate frequency of
12 Mc. In its military form it is a 4-channel receiver which has a preset
tuning arrangement and a crystal-controlled high-frequency oscil lator.

The three pr inc ipal  models of  the BC-624 are the BC-624A, the BC-
624AM, and the BC-624C. The "A" model is the earlier model with the"AM" being the modified "A" model. This modification was the miiitary
improvement and consisted of an additional tube (12H6) installed under the
chassis which functioned as a noise l imiter and delayed AVC. The latest
model is the "C", which incorporates several. modifications over the ear -
l ier sets. These changes consist of an added "squelch" circuit andan extra
audio stage.

From the above information, it is apparent that the later models are
the preferable ones since the addition of the noise l imiter and AVC is an
important improvement toward the receiver's operation. This modifica-
tion was later made by the Army on almost all of the earlier sets.

The existing tube line-up with their respective functions are as fol-
lows:

9003 (VT-203) First  RF Ampli f ier
9003 (VT-203) Mixer (first detector)
12AH?GT (VT-207) Crystal Osc. and Audio Squelch

(a)
(b)
( c )
(d)
(e)
( f )
(g)
(h)
( i )
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Harmonic Generator
Harmonic Amplifier
First IF Amplifier
Second IF Amplifier
Third IF Amplifier
Second Det., AVC, and First Audio
Second Audio Amplifier

(b) The HF Oscil lator Circuit:

The existing crystal oscil lator operates on four preset crystal fre-
quencies in the range of 8.0 to 8.? Mc. The harmonic generator selects
the desired harmonic, (11th to the 18th) while the harmonic amplif ier am-
plif ies the relatively weak harmonic frequency to usable strength for the
mixer stage.

To obtain continuous coverage of the band, it is obvious that the oscil-
Iator must be changed from the crystal controlled type to the variable
tuned type. This is accomplished by eliminating the existing crystal os-
cil lator stage and converting the harmonic generator to the variable-tuned
HF oscii lator. This becomes an easy matter sincethe harmonic generator
tuning capacitor, 21?B now becomes the new oscil lator tuning capacitor.

All four crystal circuits and the former oscil lator circuit are elimina-
ted in this change and can be removed to provide additional space. The
circuit modification is self-explanatory from the before and after circuit
diagrams in fig. 4+ and fig. 5 respectively.

For the required mechanical tuning arrangement of the oscil lator,
refer to section (g).

(c) Revamping the Second Detector and Adding the Noise Limiter:

As mentioned before, the later models of the BC-624 have the modifi-
cation that incorporates the 12H6 (duo-diode) as the Second detector and
the noise l imiter. This stage is mounted on a bracket under the chassis.
To add this modification to the earlier models, should it be necessary, it
should be noted that the 12HG reptaces the, original 12CB tube. From the
modified schematic diagram, one half of the 12H6 serves as the detector
and also furnishes AVC voltage in the conventional manner. The other
half of the duo-diode serves as the noise l imiterwithits respective circuit
and may be manually switched in or out. This stage should be wired as
per the modified circuit as shown in fig. 5.

(d) The First Audio and Addition of the "S"-Meter:

The former L2CB tube location is used for the LZAH?, dual triode, one
section of which serves as the first audio amptif ier. This stage is coupled
to the second detector output inthe conventional manner through a.5-meg.
volume control.

An optional feature which is frequently added to facilitate tuning andto
estimate signal strength, is the "S"-Meter. The circuit includes a 0-1
mill iampere meter which can be attractively added to the panel of the

*Fo r  F ig .  4  -  see  Pg .  66 .  _  g0  _

9002
9003

12SG?
12SG?
12SG?
1 2 C B
L2J5

(vr-202
(vT-203
(vr-209
(vr-209
(vr-209
(vr-169
(vr-135



receiver as shown in the panel layout. This "S"-Meter differs from the
more conventional type since it uti l izes the AVC voltage for its operation.
The AVC voltage controls the meter bridge circuit through the triode am-
plif ier, 12AH? (second section). For manual adjustment of the meter de-
flection, a 0.25-meg. potentiometer in the 12AH?rs grid circuit is used to
obtain the proper amount of the AVC voltage. A switch is provided in this
circuit for switching the "S"-Meter in or out as desired.

Another version of the above described "S"-Meter 
circuit incorporates

the tuning-eye instead of the 0-1 millampere meter and the meter bridge
circuit. This is primarily a tuning indicator and involves fewer parts and
less expense if parts have to be purchased.

The 12-vol t  vers ion of  the 6Eb (magic eye tube)  is  the 1629 (VT-138)
and is readily obtainable on the surplus market. It can be conveniently
mounted at the rear of the receiver panel projecting through the panel in
the approximate location shown for the meter in fig. 6.

Operation of the tuning-eye is directly controlled by the AVC voltage;
however, due to the relatively low AVC voltage, the circuit shown below is
recommended Ior optimum operation.

t 6 2 9 VOLTAGE
D R O P P I  N G
R  E S  I  S T O R

TO A.V.C. BUSS

TO CATHODE

T O  B +

OF 2ND DETECTOR I 2  V .  H E A T E R

(e) Adding the Second Audio, Power Amplif ier Stage:

In order to obtain sufficient audio volume for speaker operation, the
power output stage, 12A6, is added with the conventional plate-to-voice-
coil output transformer. In the later models this stage would replace the
existing second audio stage, (12J5). In the earlier models this stage can be
located in place of the squelch transformer 295. The "squelch" circuit is
generally not considered. practical and is completely removed from the
receiver to make room for added modifications.

The audio power amplif ier is coupled to the first audio amplif ier
(12AH?) in the normal R-C manner. Output transformer, 296, intended for
headphone use (50, 300, and 4000 ohms) is replaced with a conventional
plate-to-voice-coil output transformer. The impedance match for the 12A6
from the PM speaker voice coil should be approximately 7500 ohms.

It may be desired to add a closed circuit jackin the grid circuit ofthe
power amplif ier, 12A6, for headphone operation. Both jacks, f irst audio
phones and second audio speaker, can be brought out to the panel of the
receiver as shown in the panel layout.

0 . 5  M E G .
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(f ) Power Supply for the BC-624:

The power requirements for this receiver are a plate potential of 300
volts at 60 ma., and a 12-volt heater supply at approximately 1.? amperes.
A power supply for these requirements can be conveniently constructed as
shown in fig. 5. A ?O-ma. power transformer is used with the 5 and 6 volt
windings connected in series, and using the 6X5 (cathode type) rectif ier.
Polarity of the two fi lament windings must be observed in order to avoid
phase cancellation. This can be determined by experiment so as to obtain
the correct additive voltage. The conventional f i l ter is used with a stand-
by switch placed in the center tap lead for use with the transmitter.

Even thoughit is possible to build the power supplyinside the receiver
with careful layout of parts, it is considered preferable to keep it as a
separate component with a connecting cable and plug to the receiver. If
desired, the power supply OFF-ON switch may be located on the receiver
panel with the leads brought out to the above mentioned power supply con-
necting plug.

(g) Tuning Mechanism:

The manualtuning capacitor controls ofthe converted receiver involve
the two-ganged capacitor which tunes the oscil lator and the harmonic am-
plif ier, and the three-ganged, RF amplif ier grid, the RF amplif ier plate,
and Mixer grid tuning capacitor.

The original preset ratchet seleetor and tuning mechanism is not par-
ticularly adaptable for ham operation and should be completely removed
from the receiver chassis. This then makes available both shafts of the
above mentioned tuning capacitors.

Due to the highly compressed 2-Meter band, as appearing on the
capacitor shafts, it is quite necessary to use considerable mechanical re-
duction for manual tuning. This is particularly true for the oscil lator
tuning, since the band appears in a very narrow sector of its 90 degree
rotation.

For the three-ganged capacitor, the National velvet vernier dial, such
as found in the surplus BC-3?5 tuning units, is quite satisfactory. This
type of dial is quite compact and easy to use, being well appearing on the
receiver panel.

Due to the very narrow section in the oscil lator tuning, it is apparent
that even the National vernier dial is not sufficient reduction to afford
practical tuning or dial calibration. For this problem there has appeared
a variety of tuning arrangements that incLude both the electrical band
spread method as well as the various mechanical methods.

The electrical method is probably the most desirable but does involve
considerable effort for installation. This is generally accomplish.ed by
using a separate two-ganged condenser having onlytwo or three plates per
section, and connecting it in parallel with the existing condenser.

Of the different mechanical reduction arrangements, this one as des-
cribed below, is probably the most straight forward and fool-proof. It
consists of the national, type "A", vernier dial used in conjunction wi.th a
belt (dial cord) driven reduction. The dial cord and pulley arrangement is

- 9 2 -



supported between a frame-work consisting of two metal plates. This as-
sembly is mounted directly on the receiver chassis, positioned to couple
the drum to the oscillator capacitor shaft andto locate the tuning knob in a
symmetrical position on the panel. The drawing in fig. 2 shows this as-
sembly in detaii.

The described tuning assembly gives very satisfactory and smooth
tuning reduction. This reduction wil l be such that the 144-Mc. band wil l
be approximately 50 divisions on the 100 division vernier dial. parts for
the dial cord and pulley arrangement are easily made or readily available.

(h) Mechanical Modifications and Panel Layout:

After the removal of the slider-ratchet tuning mechanism from the
front of the receiver, brackets are madeto support thepanel approximately
3 inches from the front of the receiver. The 3-inch space between the
panel and chassis is ample for the tuning reduction assembly and all of the
other controls.

If all the modifications l isted herein are contemplated, the front panel
wil l carry the two National dials, the "S"-Meter 

or tuning indicator, volume
control, AVC switch, send-receive switch, "S"-Meter" 

switch (if used)
noise l imiter switch, and the power OFF-ON switch.

(i ) Performance Information:

As was originally true in the military version of the BC-624, the con-
verted receiver should have a signal sensitivity of approximately 3 micro-
volts for an audio signal to noise ratio of 10 db.

The receiver input is designed to operate from a 50-ohm antenna cir-
cuit. Should higher impedance lines be used, it wil l be necessary to in-
crease the number of turns on the antenna coupling coil. The increase of
turns is small, being approximately Z-lf 2 turns (total) required for a 600-
ohm line.

Should a balanced antenna input be desired, the grounded side of the
coupling coil should be l ifted.

It will be found thatthe modified high-frequency oscillator canbe tuned
eitier 12 Mc above or below the incoming signal. After becoming exper-
ienced with the tuning characteristics of the receiver, the operator should
be able to use the preferable frequency (above or beiow) without difficulty.

An interesting note in connection with the exceptional oscillator tuning
range is, that by squeezing the RF and mixer coils slightly, the receiver
wil l tune down to the 88-108 Mc. FM band. By uti l izingthe above andbelow
tuning of the oscil lator, as mentioned above, the FM band can be covered
without sacrif icing any of the 144-Mc. band, thus a total coveragefromSS
to 148 Mc. Since the IF band pass is approximately 150kc., it can be made
to operate nicely on FM by incorporating a l imiter and discriminator
circuit.

From the above information, the 2-meter enthusiast should be able to
have, at a very nominal cost, a smooth operating and attractive receiver.
The performance of this unit will be found to compare favorably with the
best receivers of this type.
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CONVERTING THE TBY TRANSCEWER FOR CRYSTAL CONTROLLED
OPERATION ON THE 10 AND 6 METER AMATEUR BANDS

Introduction:

The model TBY transmitter receiver was designed for the US Navyrs
Ianding operations. It is an ultra-portable unit, weighing less than 50
pounds complete and comes equipped with a canvas carrying case that may
be strapped to the back if desired.

The unit is excellent for mobile or portable operation and has a nom-
inal power output oÎ t/2 watt,

The frequency range is from 28 to 80 Mc. and, as originally used, was
continuously variable over this range. However, the frequency stability,
along with the fact that the tuning dials are not calibrated directly in fre-
quency, makes it necessary to convert the unit to a crystal-controlled cir-
cuit.

The unit was built to operate from either a special battery pack or a
combination vibrator-stoîage battery pack which clips onto the bottom of
the Transmitter/Receiver unit. The special pack of batteries is not avail-
able (at least not with fresh batteries) Ieaving the vibrator pack for prac-
tical use. This supply consists of a 4-volt leak proof storage battery and
a vibrator unit supplying 2.35, 3.3, 4.2,8.6, and 158 volts. The storage
battery wilt last about 15 hours and can be recharged from any standard 6
volt charger or from a car batterY.

Upon purchase of the unit, the foltowing accessories should be obtained:

Combination vibrator -storage battery pack
Whip Antenna (9 ft)
Mike and Phones plus cables

The original tube line up is as follows:

1 .
2.
3 .

(z) gsge's
Transmitter (1) 30

(1)  1E?

(1) e5e
Receiver (1) 958A

(1)  30

PP self excited oscillator
Tone generator
PP modulators

RF stage
Super Regenerative Detector .
lst audio (Same tube acts as tone genera-
tor ln xmtr.)
PP audio (Same tube acts as modulator in
xmttr.)

(1 )  187

Crystal Calibrator (1) 30

Spare tubes usually come with the set, and a complete set of acces-
sories will come in handy if available.

Conversion Procedure:
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The actual conversion is quite simple. only one change need be made
in the circuit, but two additionat tubes must be added as a crystal con-
trolled oscil lator and buffer. The one change necessary is thal of l i ft ing
the grid leads of the two push-pull gbSA tubes in the transmitter circuit
from the turret coil assembly and running these leads out to the added
stages.

The added stage consists of a 1s4 crystal oscil iator and a gbgA buffer.
To provide space for these circuits, the tube type 30 (direcily behind the
meter) is removed. This tube originally acted as a crystal calibrator and
will not be needed now.

The 1S4 crystal stage can be built on a small piece of bakelite and
mounted in the space made available by removing the B0 tube. The gbgA
buffer can be mounted on an insulated plate aiongside the detector shield
can. The smallest components possible should be used, as space is at a
premium, butthe construction can be accomplished by careful planning and
a litt le ingenuity.

The circuits in Fig. 1 and 2 are self-explanatory, and only the dotted
components need be added. The crystal for the oscil lator should be in the
range oî 7125-7425 kc. for the 10-meter phone band, and in the range g333
-9000 kc. for the 6-meter band.

The complete schematic is also included with this article for informa-
tion.

The coil data is as follows (per Fig. 2):

L1 (28 Mc.) 14 turns of #16 enameled b/8" inside
diameter, air wd.

L1 (50 Mc.)  6 turns of  # lG enameled b/8"  ins ide
diameter 1" long

L2

L3, L4

14 turns #16 enameled, close wound on 1"
form

-- 8 turns each of #20 DCC and the two wound
side by side on 1" form.

Note: C6 need not be touched after initial adjustment (not critical).

Operation:

The meter indicates either filament voltage or plate current, depending
upon the switch position. originally, the unit was designed so that boÚr
these readings were normal when the meter read mid-scale. However.
with the additional stages (1s4 and 95BA) the readings will be higher than
midscale and should read about 3/4 scare on plate current. Adjust the
volume of the receiver to mid position and advance the regeneration con-
trol until a definite rushing or hissing sound is heard. Adjust the REC
ANT tuning to resonance and when a signal is heard, readjust the REGN
control to a point just above where the rushing sound starts. The trans-
mitter is tuned as any conventional one, and now that the osc is crystal
controlled, a pronounced dipin plate current will indicate resonance onthe
meter. This should occur about 3/4 up the meter scale.

Although the power output is low, this unit will surprise you and is
well worth the cost.
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PE-103A DYNAMOTOR

The PE-103A Dynamotor will deliver 160 ma. at b00 volts from either
a 6 or 12 volt battery.. The battery drain when used on a 6-volt batterv is
approximatery 22 amps and when used on a l}volt batteryis approximate-
ly 11 amps. (This assumes that the full load of 160 *a. is bèing drawn.)
under no-load conditions the battery drain is approximately b arips. lc-
tually the unit will deliver much more than its rated current.

The lower housing of the unit contains filter components and circuit
breakers for overload protection as follows:

Right 40 Amps (Dynamo primary overload)
Center .22 Amps (High-voltage overload)
Left ?.5 Amps (Controt and filament overload)

A switch located on top of the housing under a protective cap can be
set for either 6 or 12 volt operation.

when used on a- 6-volt battery, t}re green-white wire from the rotary
switch "3-s-1" should be removedfo prevent a small drain when the unit ii
not in operation. (This lead is in a relay circuit for the 12-volt section.)

The pin connections are as follows:

1- Not used.
2- Not used.
3- Negative 6 volts through relay.
4- Start coil.
5- Common, positive 6 volts and negative b00volts.
6- Not used.
?- Negative 6 volts.
8- Positive 500 volts.

For typical operation using a 6-volt battery with positive gnd:

Connect terminal 5 to ground.
Turn switch on top to 6-volt position.
Start dynamo by connecting terminal 4 to ground.
A minus will appearat terminal3 (Aplus is ground).
B plus will appear at terminal 8 (B minus is ground).

Connections for 255 volts at 80 ma:

By connecting the armature for 12 volts and actually rururing it on 6
volts, and running the six-volt field dÍrectly from the battery, thà no-load
current is 3 amps. This will give an output of 2bb volts at g0 ma., but
under loaded conditions the drain is only about ? amps. This provides ex-
cellent efficiency andby throwing the 12v-6v switch, power maybe stepped
up.
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General Notes On Dynamotors:

Dynamotors intended for 12 volts can be operated at 6 volts by con-
necting the field coils in parallel instead of in series (watch polarity).
Under these conditions the output voltage will be cut in half.

Parallel connection for the field coils of 24 volt dynamotors will nor-
mally allow operation from 6 volts but with only a quarter of the normal
output voltage.
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CONVERTING TI{E 1068A OR 1161A RECETVER
TO 144-148 MC. (2 METERS)

Introduction:

These receivers were designed originally for the US Army and were
used as IFF recetversin conjunction with tàe SCR268-2?1 series of Radar
equipment.

The receiver comes complete in an olive-drab steel case which is ap-
proximately 16'o x 16" x 10" and weighs about ?5 lbs. It contains a built in
110-volt AC power supply and covers the range of 155 to 200 Mc. before
conversion.

The IF transformers are normally stagger tuned with the center on
11 Mc., and have a band width of approximately 4 Mc.

The unit contains 14 tubes, used as follows:

6SH7 lst RF Amp. -no VT No.
6SH7 2nd RF Amp. -no Vî No.
9006 lst Det. (Mod) -no VT No.
615 Osc. - VT 94
6AC7 lst IF Amp. -VT 112
6AC7 2ndIF Amp. -VT 112
6AC7 3rdIF Amp. -VT 112
6A8? 4th IF Amp. -VT 1?6
6A87 5th IF Amp. -VT 176
6HO 2nd Det. -VT 90
6SH7 Video Amp. <ro VT No.
6SN7 Output Amp. -VT 231
6E5G Tuning Indicator -VT 215
5U4G Rectifier -VT 244

Conversion Instructions:

The conversion will be discussed under the following headings:

(a) Preliminary Steps
(b) nr Modifications
(c) AF Modifications
(d) IF Modifications
(e) General notes

(a) Preliminary Steps:

The first step necessary in converting the unit for 2 meter operation,
is to replace the 3 connectors (123-124-125) on the rear of the chassis
with more suitable ones. Connector 123 can be replaced with a female
coaxial chassis plug, 124 with any standard AC connector, such as an
Amphenol 61-M-10, and 125 can be replaced with a standard phone jack
(for the loudspeaker).
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The spare-fuse holder and automatic pilot-Iamp switch should be re-
moved from the front panel. The wires from the piiot lamps which were
removed from the automatic pilot-lamp switch are soldered together and

should be connected to the heater circuit. The B plus lead to the tuning
indicator tube which was also removed from the switch is soldered to the

lead coming from the tuning eye tube.

(b) RF Modifications:

The two RF stages and first detector must be changed to tune the 144-

148 Mc. range. This is done by decreasing the spacing between turns on

the 3 coils concerned (do not change the oscil lator coil). This wil i increase

the inductance and should be sufficient. However, if necessary, small 10-

mmîd. trimmers canbe shunted acrossthe 3 coils. Be careful so as to not
damage the coil windings, and don't allow the turns to touch and short out.

If band-spread tuning is desired on the 2-meter band, a small 2-plate
midget variable capacitor may be mounted beneath the chassis near the

oscil lator coil. The shaft for this capacitor is inserted Ín the hole pro-

vided by removal of the automatic pilot-lamp switch.

(c) AF Modifications:

Replace resistor 6?-2 (video amplif ier grid resistor) with a 500,000

ohm pot. (arm of pot. goes to grid oI the video amplif ier). This wil l allow
control of the audio gain. This pot. can be mounted in one of the holes in

the front panel. The pot. should be of the type with a switch on the back
which is used as the AC switch in place of the present one, which can now

be used as a standby switch by placing it in series with the center tap of

the HV power transformer winding.

(d) IF Modifications:

A 5000-ohm wire-wound pot. (used as a rheostat) is installed in a.
spare hole and used as an IF gain control. The center arm is grounded

and one side is connected to the "8" wire on plug 125 (see diagram).

(e) General Notes:

The RF gain can be increased by replacing the RF tubes with the

wE?l? type and also by replacing the loading resistors across the IF

transformer windings (secondary) with 100,000 ohm resistors. This wil l

narrow the IF band pass and increase the gain.
In addition, an S meter (0-1 ma.) can be connected to the phone jack

marked "IF amp. out" and calibrated in S units.
The receiver is aligned in the usual manner and can be done on a good

local signal.
If ilie audio gain is not adequate, it may be advisable to replace the

6SN? output stage with another consisting of a 65]? and 6V6 or 6K6.
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Diagram of audio modification. The 6sH? and 6sN? (vr231) are eliminated
and this circuit inserted in their place.

VT90
6 H 0

6 K 6 , 6 V 6
5 0 0  K  E T C .

500 K
/ ll*
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BC-11614 RECEIVER( Befole conve:rslon)
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ADF

AM-26/zLC

APA-10

APN-1

APN-4

R65/APN-9

APQ-9

RT34/APS-13

APS-15

APT-5

ARB

ARC.4

Navy receiver, 15 to 1750 kc., in 6 bands, 8 tubes - (3)
6D6,  (2 )  76 ,  (2 )  6C6,  (1 )  41 .

Interphone Amplifier containing (2) 1215, (2) 12A6 tubes,
designed for use from 28-volt DC dynamotor.

Pan-Oscilio Receiver: is 115vAC operated and contains
panoramic adapter with IF of 405-50b kc..  4.Tb to b.Tb
Mc.,  and 29 to 31 Mc.

Altimeter: 418-462 Mc. Transmitter and Receiver which
measures 3 to 4000 feet altitude, weighs 2b tbs. and is
18" x 9" x ?". Designed to operate from 28 volts DC and
contains the following tubes: (4) 12SH7, (3) 12SJ?, (2)
12H6,  (1 )  VR 150,  (2 )  955,  (2 )  9004.

Radar Oscilloscope containing 25 tubes, 18" x g" x 12",
and weighs 50 lbs.

Loran Indicator and Receiver containing 35 tubes and B"
scope. 110 volts,  400 cycles.

VHF Radar.

Transmitter and Receiver containing following tubes:
(5 )  6J6 ,  (9 )  6AG5,  (1 )  VR 150,  (2 )  2D2r .  410_420 Mc.
30 Mc. IF Freq.

Radar set,45 tubes, 3 meters, four 115 volt  400 cycle
supplies, multivibrators, 5" and 2" scopes.

Transmitter - 1500 Mc., uses 115VAC filaments, no plate
supply included. (2) 6AC?, (1) 6L6, (2) 829, (1) 9gte,
(1) 522, (1) 6AG?.

Navy 4-band receiver,  195 to g Mc.,  uses (1) 12SA7, (4)
12SF7, (1) 12A6, weighs 28 lbs,,  and is 6" x ?" x 1b".

Transmitter and Receiver using 4 crystal channels, in
140 Mc. range f.or 24 or 12 volt DC operation. Trans-
mitter has 7 tubes. Receiver has 13 tubes.

''ELECTRoNIC SURPLUS INDEX''
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ARC-5 Navy aircraft equipment:

Receivers: Transmitters Modulator is
190 to bbo kc. b00 to 800 kc. MD_T/ARC5
1.5  to  3  Mc.  800 to  1300 kc .  2_162b 's
3  to  6  Mc.  1 .8  to  2 .1  Mc.
6 to 9.1 Mc. 3 to 4 Mc.

4 to 5.3 Mc.
5 .3  to  ?  Mc.
7  to  9 .1  Mc.
100 to  156 Mc.

ARc-429 2 band receiver,  201 to 400 Kcs and 2b00 to 4?00 Kcs
(aircraft).

ARC-429A 2 band receiver,  201 to 400 Kcs and 41b0 to ?700 Kcs
(aircraft).

R-89/ARN-5A Glide Path Receiver
11 tube superhet on 832 to 33b Mcs
fixed tuning
Glide path receiver
(?) 6AG5
(1) 12SRT Crystal frequencies are:
(2 )  12SNT 332.6  Mcs
(1)  28D7 333.8  ' ,

33  5 .0  I r
weighs 12 lbs.
s ize  13"  x  b"  x  6"

R-5/ARN-? Radio Compass Receiver - covers 200 to l?b0 Kcs
in 3 bands with 1T tubes.

ART-13, or ATC Col i ins Auto tune transmit ter:  2 to 18.1 Mcs in 11
channels,  weighing T0 lbs. and is 23" x 13, 'x 11" 1b0
watts voice, cw or mcw. Uses 913 in f inal  and B11rs
in PP modulator. v.f.o. and crystal calibrator.

ASB Radar equipment, b15 Mc.

ATD Aircraft transmitter - b40 to 90b0 Kcs CW or phone
requires 380 volts and 1000 votts DC.
RF osc -  6L6 6SLT speech pp 6L6 mod.
RF amp - 814 6L6 driver Designed for dyna_
Weight ?5 lbs. s ize 11" x I2, ,  x 2!, ,  motor operat ion

AVT-112A Aircraft transmitter - 2b00 to 6b00 Kcs phone, operates
from 6, 12, or 24 volt source. Has 6 tubes and weighs
6 lbs.
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BC-191

BC-227

BC-222

BC-223AX

BC-224

BC-306A

BC-312

BC-314

BC-322

BC-342

BC-344

BC-348

Mark II Transmitter and receiver covering 40 to 80
meter bands.

Same as 375E transmitter except operates on 12 or 14
volts.

Frequency meter: Up to 125th harmonic. Basic frequen-
cy is 125 to 250 Kcs and 2000 to 4000 Kcs. Better than
.005Vo accurate.

Receiver/Transmitter. 28-38 Mcs and 38-b2 Mcs.
Similar to BC-322.

Transmitter, covering medium frequencies. Uses 801
Osc, 801 Pa (2) 46 Mod, (1) 46 Sp amp. 10 to 30 watts
output on tone, voice or CW 4 crystal frequencies and
master oscillator on switch.
3 coils, TU 1?A 2000 to 3000 Kcs" 18 3000 to 4500 Kcs" 25 3boo to b2bo Kcs
Black wrinkle case with 2 separate cases for spare coils.

Receiver, 200 to 500 Kcs and 1500 to 18,000 Kcs.
Operates from 14 volt dynamotor (identical with BC-848
except for input voltage ).

Antenna tuning unit for BC-3?5 transmitter. Operates
from 150 to 800 Kcs.

Receiver - 1500 to 18,000 Kcs. Uses 9 tubes with 2 RF
stages. (4) 6K?, (1) 6L?, (2) 6C5, (1) 6R?, ( l )  6F6.

Same as BC-312 except covers 150-1500 Kcs.

Receiver/Transmitter 52-65 Mcs.

Same as BC-312 except will operate on 115 VAC.

Similar to BC-312 except covers 150 to 1500 Kcs and is
115 VAC operated.

Receiver - 1500 to 18,000 Kcs and 200 to 500 Kcs. Auto-
matic noise compensator (neon). Output 300 or 4000
ohms. Crystal filter, AVC-MVC-BFO.
lst RF 6K7
2nd RF 6K?
RF Osc 6C5
lst Det 6J?
1st IF 6K7
2nd IF & CW Osc 6F?

- 1 1 3 -



3rd IF & 2nd Det 688
Audio 41
Operates from 28 volts DC

BC-357J Beacon Receiver for 75 Mcs.

BC-3?5 Transmitter - 150 watts output, 200 to 12000 Kcs (Iess
BC), 211 Osc, 211 RF amp, 10 Speech amp, (2) 211 pp
modulators, 5 tuning units as follows:

li ii rii[[ tfli 
"r"

10I} 10,000 to 12,500 Kcs

BC-403 Radar oscilloscope, 5" scope l1b volt 60 cycles opera-
tion, component of SCR-2?0 and 271.

BC-404 Radar receiver for SCR-270 and 2?1, 102 to 110 Mcs, 12
tubes, operates from 115 volts 60 cycles.

BC-406 Receiver from SCR-268 unit covering 201 to 210 Mcs,
with 15 tubes and 115 VAC operated.

BC-4L2 Oscilloscope from SCR-268 radar.

BC-450A Control box for 453A type receivers.

BC-453A Army aircraft receiver: This is merely one of a group
in this series. The receivers are of all aluminum con-
struction weighing about 6 lbs. and are approximately b"
x 8" x 12". Power required is 2b0 volts at b0 ma and 28.2
volts at .45 A. Receivers have hi and low impedance out-
put (300 or 4000 ohms) and are for voice, mcw or cw.

Tubes contained are (3) 12SK?
(1) 12sR?
( 1 )  1 2 A 6
(1)  12K8

BC-453A covers 190 to 550 Kcs
454A covers 3 to 6 Mcs
455A covers 6 to 9.1 Mcs

The 2?4N command set consists of 3 receivers, 2 trans-
mitters, 4 dynamotors, 1 modulator, 2 control boxes,
and ant coupling and total of 26 tubes. Receivers cover
190 to 550 Kcs, 3 to 6 Mcs and 6 to 9.1 Mcs.
Transmitters cover 3-4 Mcs and 4 to 5.3 Mcs.

- t t 4 -



BC-454A See data on BC-453A.

BC-455A See data on BC-453A.

BC-456A Is modulator unit for BC-45?A Series transmitters.

BC-45?A Series Transmitters are designed for use with BC-453A
Series receivers in Army aircraft and are similar in
appearance but slightly larger. Rated output is 30-40
watts. Have directly calibrated vernier dial and contain
the following tubes:

(2) 1625 PA
(1)  1626 Osc
(1) 1629 Tuning úndicator
All units have crystal for check on calibration.

BC-45?A 4 to 5.3 Mcs (Crystal  4600 Kcs)
BC-458A 5.3 to 7 Mcs ( "  6200 Kcs)
BC-459A ? to 9.1 Mcs ( "  8000 Kcs)
B C - 6 9 6  3 t o 4  M c s  (  "  3 5 0 0 K c s )

BC-458A See BC-45?A.

BC-459A See BC-457A.

BC-603 10 channel FM receiver using push buttons or manu:il 20
to 30 Mcs, Superhet, BF0, 12 volt operation. 10 tube.

BC-604 10 channel FM transmitter push button or manual 20 to
30 Mcs using 1625 final with 20 watts output for 12 volt
operation. B tubes.

BC-620A Transmitter and Receiver covering 20 to 27.9 Mcs
Crystal controlled FM with 13 tubes.
(4) 1LN5 (4) 12ee
(1)  1LC6 (1)  L2e4
(1)  1LH4
(2) 1291 Weighs 38 lbs.

BC-624 Receiver component of SCR-522, 10 tube superhet.

BC-645 Transmitter and Receiver (IFF).
435 to 500 Mcs with 15 tubes.
400 volts at 135 ma required plus I volts at 1.2 Amp AC.
(4)  ?F? (2 )  e55
(4)  ?H? (1)  316A
(2)  ?E6
(2) 6F6 Weighs 25 lbs.
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BC-653A Transmitter - 100 watts CW, 22 watts phone.
2 to 4.5 Mcs
807 buffer
(2) 1613 MO and Mod
(2) 814 Final

BC-654A Transmitter and Receiver.
3800 to 5800 Kcs
Calibration every 10 Kcs
200 Kcs crystal for check points
Power output is 12 watts voice or 25 watts CW
? tube superhet receiver using (B) 1NS, (1) 1AZ,
(2) 3Q5, (1) 1H5
6 tube transmitter uses (2) 30?A in final
Requires 1.5 volts, 45 volts, 90 volts for receiver
Requires 1.5 volts, 6 volts, 51 volts, 84 volts, and 500
volts for transmitter.
Operates from PE 103A dynamotor.

BC-659 Transmitter and Receiver.
FM voice only
27 to  38 .9  Mcs
Crystal controlled
2 watt output
battery operated

BC-684/683 Transmitter and Receiver.
FM units
Receiver uses 9 tubes in 10 channels (push buttons)
Transmitter uses 8 tubes in 10 channels (" " )
35 watt output
2? to 38.9 Mcs

BC-696 See BC-45?A.

BC-?01 VHF receiver,  1?0 to 180 Mcs. IF freq. is 30.5 Mcs, 11
tubes, seU contained power supply.

BC-?04A Radar indicator unit, part of SCR-521.
(4) 6AC? (1) 5BP1
(3) 6H6

BC-?28 Push button receiver.
2-5 Mcs
2 or 6 volts
6 tubes

BC-733D Localizer Receiver.
Blind landing equipment with 6 Crystal frequencies.
108 to 120 Mcs with 10 tubes.
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(3) ?1?A (2) 12sc?
12SQ? 12AH7
12A6 (2) 12SR?

BC-788 Receiver.
420 to 4S0 Mc.
6 IF stages using 6AGb's
30 Mcs broad band width

BC-929 Army radar oscilloscope, 110 volts, 400 cycle.

BC-939 Antenna tuning unit for BC-610 transmitter.

BC-946E} See BC-453A receivers -  covers 520 to 1b00 Kcs.

BC-947A UHF transmitter.
3000 Mcs
115 volt AC operation w-ith blower

BC-966A IFF, approximately 2 meters, 14 tubes, 3b0 volt dyna_
motor with 12 volt input.

BC-1023A Marker Beacon Receiver.
75 Mcs using 650?, 6U6G, 6SC?, 12SH?
L2 or 24 volt DC operation

BC-1068A Receiver (see BC-1161A).

BC-1072A Transmitter:
115 volt AC operation
150 to 200 Mcs
11 tubes

BC-1161A Receiver used with 10?2A transmitter.
115 volt AC operation with 14 tubes
1 0 " x  1 6 " x  1 b "
f - 6SN7 Cathode follower IF Band pass is 4 Mc
1- 6HG 2nd Det.
2- 6SH? 1st and 2nd RF
1- 6SH? Video amp
3- 6AC? lst ,  2nd and 3rd IF
2- 6AH-7 4th, 5th IF
1- 9006 Mod.
1-  6J5  Osc .
1- 5U4G Rect.
1- 6Eb tuning ind.
Component of RC 150 IFF
Same as BC-1068A

- 1 1 7 -



BC-1206C Setchel l  Carlson Beacon Receiver:
(2) 25L6,6SK?, 6SF7, 65A?, 6K7
195 or 420 Kcs
Weighs 4 lbs.,  4" x 4" x 6-5/8"

BC-1267 Transmitter and receiver, 154 to 186 Mcs.
1 KW pulse oscillator
superhet circuit, 2 RF stages, and 5 stagger tuned IF's

BD-??Km Dynamotor, input 14 volts DC, output 1000 volts at 350
ma. Used with BC-191.

C-l Auto Pilot Amplifier.
For radio controlled models etc.
(3 )  7F7 Amps.
(3) 7N? Signal discriminators
(1) 7Y4 Rect i f ier

CCT-460?7 Transmitter:  2-20 Mcs, 12 Volt  input.  30 lbs.
Unit of RBM-2 Equipment.

CRV-46151 Aircraft  receiver.
4 bands covering 195 to 9,050 Kcs.
6 tube superhet

DAG-33A Dynamotor, input 18 volts DC, output 450 volts DC at
60 ma.

DM-21 Dynamotor, input 14 volts DC, output 235 volts at
90 ma.

DM-33A Dynamotor, input 28 volts DC, output 540 volts DC at
250 ma. (Power supply for modulator of SCR-2?4Nseries.)

EE-8 Field telephone.

GF-11 Equipment consists of:
CW 52063A Transmitter
CW 52014 Transmitter base
CW 23097 Transmitter control box
CW 2309B Extension control box
CW 23049 Relay unit
CW 47092 Coi l  set

C'O-g Transmitter with power supply, 200 to 18.100 Kcs, 115
volt, 800 cycles. 803 final, v.f.o., 150 watt.

GP-? Navy transmitter, 125 watts, 350 to 9050 Kcs with plug-in
tuning units.
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PC-77 Dynamotor, input 12 volts DC, output 1?5 volts at 100 ma
and 500 volts at 50 ma.

PE-?3CM Dynamotor, input 28 volts, output 1000 volts at 350 ma,
used with BC-3?5.

PE-86 Dynamotor, input 28 volts DC, output 250 volts DC at 60
ma.

PE-101C Dynamotor, input 12 or 24 volts, output 800 voits at 20 ma
and 400 volts at 135 ma, plus 9 volts at L.1 amps. Used
with BC-645.

PE-103A Dynamotor, 500 volts at 160 ma from either 6 or 12 volts
DC.

PE-104 Dynamotor, 90 volts at 50 ma from 6 or 12 volts DC input.

PE-109 Direct current power plant. Gasoline engine driven gen-
erator, has 32 volt output at 2000 watts.

PRS-I Mine detector.

RAK-? Navy Receiver.
9 tubes, 115 volt  AC operat ion
6 bands 15 Kc to 600 Kc

RA-20 115 v. 60 cycle power supply for BC-312, BC-342.

RA-38 Rectifier, 15 KVA, output is 15 KV at 500 ma, variable,
weight 2040 lbs.,  63" x 54" x 57".

RA-58A Hi voltage supply.
500 to 15,000 volt  cont inuousìy var iable at 35 ma for
breakdown tests,  115 volt  AC operat ion.

RA-63A Rectifier, input 115 volts at 60 cycles, output 12 volts at
8 amps.

RA-105 Rectifier, 11? volt, 60 cycles input, output is 2000 volts,
610 v, 415 v, 300 v, 200 v, al l  DC plus 6.3 vol ts AC.
Weighs 119 lbs. and is 10'  x 24" x 19".

RAX-I Receiver combination.
#1- 4 bands from 200 to 1500 Kcs
#2- 4 bands from 1500 to 9000
#3- 5 bands from ? to 27 Mcs
Operates from 24 volt dynamotor

RC-150 IFF equipment,  used with SCR-270 and 271.
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RC-188A

RL-9

RT-1248

RU-16/cF-11

scR-195

scR-269F

scR-2?4N

scR-4?4

scR-522

IFF equipment, 157 to 18b Mcs, Transmitter/Receiver
indicator, 62 tubes, operates from 110 volts, 60 cycles.

Interphone amplifier from 24 volt DC dynamotor.

GE transmitter and receiver.
435 to 500 Mcs
20 watts out
5 tubes using WE 316A final
Receiver uses 10 tubes gb5 lst  Det,  9bb Osc, (3)
7H? IFs, 786,7H7
12 volts required

Transmitter - Receiver.
3000 to 4525 and 6000 to g0b0 Kcs Transmitter
195 to 13,575 KC receiver
12 watt voice or CW
100 lbs. and 13" x 31"

Transceiver Walkie -Talkie.
52.8 to 65.8 Mcs
27 lbs. with knapsack
25 mile range
handset and spare parts plus antenna (telescope)

Radio compass.
17 tube superhet receiver
200 to 1750 Kcs in 3 bands

Command set composed of 4b3A series receivers and
457A transmitters (see those listings).

Portable transmitter and receiver, covering 40 and g0

T9!er bands, 1 volt tubes in receiver. Has 6V6 v.f.o.,
6V6 power àÍtp., and 6V6 modulator.

Transmitter and Receiver:
100 to 156 Mcs
12 watts output on voice
4 crystal frequencies
antenna is AN-104-B L/4wave
Transmitter alone is BC-62b
Receiver is BC-624
Tubes used: (2) ASZ

(3) 12A6
(1) oco
(2) 6ss?
(1) 12J5
(1) t2C8

(1) e002
(3) e003
(1) 12AH7
(3) 12SG7

- t 2 0 -



SCR-536 Wakie Tatkie.
1 -  1R5
1-  1T4
1-  1S5
2- 3S4

scR-578 Gibson girl transmitter. Automatic sos for sea rescue.
SCR-625 Mine detector.

Balanced inductance bridge with 1000 cycle osc.

?�i[":ri?fJfftf": ?Ìî".if. vo,ts B 0",,"", weighs15 lbs.

SPR-2A Receiver.
Superhet 1000 to 3100 Mcs
2C40 UHF osc.
1lb VAC operation
lb tubes. Weighs 15 lbs. and is g" x 10,,  x 23,,

T-178 carbon hand mike, 200 0hms single button press to taik.
TA-12 Bendú 100 watt transmitter; v.f.o., par g0? final.

TBW Transmitter, similar to GO-g.
B_19,100 kc.,  1b0 watts.

TBY Transmitter/Receiver 2g_g0 Mcs, Voice and MCW
Output l/2 watt. portable.

TCS-9 Transmitter and Receiver, 2b watt output.
1b00 to 12,000 Kcs
11b Volts AC
Crystals or VFO

TU-58' 68, etc. Tuning units for Bc-g?b rransmitter (see risting ofBC-375) .

I-152AM Radio altimeter indicator.
3 .each 6AGb, 2X2, 3Dpl, operates from 110 volts,
400 cycles.

I-722A Signal gene-rator, self contained, 115 volts 60 cycle
supp_tl, with crystal calibrator, g_1b Mcs and 1b0_
230 Mcs, with harmonics covers g to 30g Mcs.

I-233 Range calibrator.
(2) 6SN?, (2) 6L6, (2) 6V6, (1) 6SJ?, (1) 5y3.

602A-41 Amplifier 2 stage RF amp for UHF.
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VT Commercial
Number Number

CROSS INDEX OF ARIVTY VT NIIMBERS AND COMMERCIAL NUMBERS
Tube Listings bY VT Numbers

VT Commercial
Number Number

VT
Number

Commercial
Number

VT-1
vT-2
vT-3
VT.4A
VT-48
VT-4C
vT-5
vr-6
vT-?
vT-8
VT-10
vr-11
vr-12
vr-13
vr-14
vr-16
VT-17
V T - 1 8
vr-19
vr-20
VT-21
vT-22
vr-23
vr-24
vr-25
vr-25A
vr-26
vT-27
VT-28
vr-29
VT-30
vT-31
vr-32
VT-33
VT-34
vr-35
vr-36
vr-37
VT-38
VT-39
VT.39A
vr-40
VT-4I.
vr-42
vr-42A

wE-203A**
wE-2058
ì i Í

) |+

2Lt
IAN 211
wE-215A
2t2A**
wx-12**
uv-204**

i(,f

* *
* *
+ +

* : f

860
* +

8 6 1

204A
* *
864
1 0
10 spec
2 2
3 0
24,24A
27
0 1 - A
3 1
*, i

33
207
35/5r
3 6
3 ?
3 8
869
869A
40
8 5 1
872
8?2A spec

vT-43
vT-44
VT-45
vr-46
vT-46A
vr-47
vr-48
vT-49
vr-50
vT-51
vT-52
VT.53
vT-
vr-54
vr-55
vT-56
vr-57
vr-58
VT-60
vr-62
VT-63
VT-64
vr-65
VT-65A
vr-66
vr-66A
vT-67
vr-68
vT-69
vr-70
vî -72
vr-?3
vT-14
vr-75

845
32
4 5
866
866A
. t t

4 1
39/44
50
841
45 spec
(vr-42A)

34
865
56

58
8 5 0
801,801A
46
800
6 C 5
6C5G
6F6
6F6G
30 spec
6B7
6D6
6F?
842
843
524

? 6
f l

f ó

80
B3
84/ 624
6K?
6K7G
6K7GT
6L?
6L7G

- r 2 2 -

VT-88
vT-88A
VT-888
vr-89
VT-90
vT-90A
VT-91
vT-91A
vT-92
vr-92A*
VT-93
vT-93A
vr-94
VT-94A
vT-94B
vr-94c
VT-94D
vr -95
VT-96
vT-968
vr-9?
VT-98
vT-99
vT-100
VT-1OOA
vr-101
vr-102
vr-103
vr-104
v r -105
vr-106
vT-107
vr-107A
vr-10?B
vr-108
vr-109
vT-111
vT-112
vr-114
vT-115

6R7
6R7G
6R?GT
89
6H6
6H6GT
6I?
6J?GT
6Q?
6Q7G
688
6B8G
615
6J5G
6]5 spec selec
6J5G " r l

6J5GT
2A3
6N7
6N7 spec selec
5W4
6U5/6G5
6F8G
807
807 mod
83?
canceled
6SQ?
12SQ?
6SC7
803
6V6
6V6GT
6V6G
45OTH
2051
5BP4/t802P4
6AC7/t852
5T4
6L6
6L6G
6SI7
6SJ7GT
6SJ?Y
6SK?

VT-?6
vT-77
vT-?8
VT.8O
VT-83
vr-84
vr-86
vr-864
VT-868
vr-87
VT-8?A

v r -115A
vr -116
vT-116A
vr -1168
v r -117



CROSS INDEX OF ARIVTY
Tube

VT Commercia l
Number Number

VT NUMBERS AND COMMERCIAL NUMBERS
Listings by VT Numbers

Commercia l
Number

VT
Number

VT-1l?A 6SK7GT
V T - 1 1 8  8 3 2
vT-119 2X2/879
vT-120 954
vT-  121 95  5
v r - 1 2 2  5 3 0
VT-123 RCA A-5586

superceded by VT-12
vT-124 lAscT
vT-125 1C5cT
vT-126 6X5
VT.126A 6X5G
VT-1268 6X5GT
VT-127 spec tube
V T - 1 2 ? A  Ì I  I I

vT-128
vr-129
vr-130
vT-131
vT-132
vT-133
vr-134
vT-135
VT-135A
vT-136
vT-13?
VT-138
vT-139
vr-140*
vr-141
vT-142
vT-143
vr-t44
vT-145
v r -146
vT-147
v r -148
vT-149
v r -150
VT-150A
vT-151
VT-1518
vT-152
VT-152A
vT-153

1630(A55BB)
304TL
25OTL
12SK?
12KB spec
12SR?
12A6
12J5GT
7215
1 625
1626
1 6 2 9
vR-150/30
1 628
5 3 1
wE-39DY1
805
8 1 3
523
lN5GT
rATGT
lD8GT
3A8GT
6SA7
6SA?GT
6A8G
6ABGT
6K6GT
6K6G
12C8 spec

5Y3cr/c
6G6G
6SS?
vR-105/30
25L6
25L6GT
9002
9003
HK24G
6ST?
5V4G
12AH?GT
7 B 8
12SG?
154
6SG7
9 5 8
A T  R A

1 2 H 6
6 E 5
8 1 6
8 1 1
lOOTH

25OTH
3Q5GT
884
r n a u  I
RK-34
30?A
3E P1 l  1806P1
7t84
8 0 1 2
6SL?GT
350A
6SN7GT
E - 1 1 4 8
6SR7
r{Y - I 148
IrY -615
Ò J O

U J I

9 5 6
1 L E 3
7 10A

vT-154
vT-155
vT-156
vT-157
VT-158
vT-159
vT-160
vT-161
vT-162
vT-163
vT-164
vT-165
vT-166
VT-16?
vT-16?A
VT-168A'
vT -169
vT-170
vT-1?1
VT-171A
vT-t72
VT-1?3
vT-174
vT- 175
VT-1?6
VT-17?
vT-178
vT-179
vT- 180*
vT-181
VT-182
vT-183
vT-184
vT-185
VT-186

814
spec tube

i l n

r !  l l

i l |

: : l
12SA7
I 2Sl?
6C8G
1 6 1 9
t624
3  7 1 A
ot\ó

6K8G
6Y6G
12CB
l E 5 - G P
1R5
1R5(loctal)

1 4 4
I  l a

3S4
1 6 1 3
6A8_7/1853
1LH4
1 L C 6
1LN5
3LF4
4 r y 4
t L a

387 / t29L
LR4/ 1294
vR-ec/30
3D6/ 1299
spec tube
R ? q  ^

7 E 6
7F7
7H7
3 1 6 A
I  A1t

7C7
7J7
1005
6W5G

VT-19?A
VT-198A
vT-199
vT-200
vT-201
VT-201C
vT-202
vT-203
vT -204
vT-205
VT-203A
vT-207
VT-2OB
vT-209
v T - 2 1 0
\ r . r  9 1  l

vT -212
V T - 2 1 3 A
Ì f . t  , 1 À

l / T  o l  i

v T - 2 1 6
\ / ' r  D 1 t

\  L - Z L Ó

v T - 2 1 9
vT -220
vT -221
f  L  - a L z

YT -223
v ' t  -224
v T  - 2 2 5
vT -226
Y T  - 2 2 7
vT -228
vr -229
v T - 2 3 0
vT-231
YT -232
vT-233
vT-234
vT-235
vT-236
vT -237
VT-238
vT-239
vT-240

VT.1B?
vT-188
VT-189
vT-  190
vT-191
vT-192
vT-193
vT-194
vT-195
vT-196

VT Commercia l
Number Number
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CROSS INDEX OF ARIVTY VT NUMBER,S AND COMMERCIAL NI,'MBER,S
T\rbe Listings by VT Numbers

VT Commercial
Number Number

vT-241 7E.5/1201
vr-243 ZCE/:jzOàt
vT-244 5U4c
vT-245 2050
vT-246 918
vT-247 6Ac?
vT-248 1808P1
vT-249 1006
vT-250 EF50
vT-251 441
vT-252 923
vT-264 304TH
vT-255 ?05A
vT-z56 z,P�486
vT-257 K-?
vT-259 829
vT-260 VR-?5/30
vr-264 3Q4
vT-266 1616
vT-26? 5?8
vT-268 1zSC?
vT-269 71?A
vT-277 4L7
vT-279 GY-2
vT-280r c7063
vT-281* IIY-14527
vr-282 2c489
VT_2B3* eF_206
vT-284 QF-19?
vT-285r QF_200C
vT-286 832A
vT-28? 815
vT-288 12SH?
vT-289 12SL?GT

* Indicates VT number
canceled.

i* Obsolete.
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CONVERTING THE ARC-5 AND BC-454 SERIES
RECETVERS FOR OPERATION ON 10 METERS

The ARC-5 and BC-454 "Command Set" series receivers may be converted into
10-meter receivers that are hard to beat. They are especially well adapted for
mobile use. one of these receivers can be used in conjunction with the ARC-5
transmitter on 10 meters, as described elsewhere in this manual, to make up a
very economical mobile installation.

(a) GeneralDescript ion:

The receivers are very compact, Iight, and completely enclosed in an aluminum
case. The basic circuit is that of a 6-tube superhet designed to obtain its "B" 

volt-
age from a 28-volt dynamotor normally clipped onto the rear of the chassis. (For
additional data and other uses for these units, see Volume I of this manual.)

All units of the series are nearly identical with the exception of frequency cov-
erage and intermediate frequencies, which are given in the following chart:

Navy Army

BC-453
BC-9468

R26IARC5 BC-454
R21/AP.(CI BC-455

Freq. Coverage IF Freq.

190-550 kc.
520-1500 kc.
3-6 Mc.
6-9 Mc.

85 kc.
239 kc.
1415 kc.
2830 kc.

The first two receivers listed are not recommended for 1O-meter operation due
to the low intermediate frequency.

The following instructions are applicable to all models. However, if the ARC-5
series is used special attention should be paid to the following points. The ARC-5
receivers differ from the BC-454 series in that they use a 12sF? tube at v6 as the
second IF and AVC, whereas the command sets use a 12SK? as second IF and the
AVC is taken from the 12SR? stage. This causes some change in the audio circuit
components, due to the different AVC circuits. A diagram (Fig. 3) is given of the
ARC-5 after conversion.

(b) Filament Circuit Changes:

As the filaments were originally wired for 28-volt operation (in series parallel)
it wiII be necessary to rewire them for 6-volt operation by placing all tubes in
parallel with one side common to ground. The hot filament lead may be brought out
on pin 6 of the rear plug. (Wires on this pin were part of the original filament cir-
cuit and may be removed.) AII extra filament wiring as used in the original 28-volt
system should be removed, along with the filament choke L-14.

The present 12-vo1t tubes should be replaced with their 6-volt equivalents as
follows:

Original

12SK?
12K8
12SR?
12A6
ARC-5 OnIy-125F?

Replacement

6SK?
6K8
6SR? or 6SQ?
6K6, 6V6 or 6F6
6SF?

No changes in wiring are necessary when substituting 6-volt tubes.



(c) Removal of Present CW Oscil lator Stage:

It is assumed that the CW oscillator will not be desired on 10 meters. Since
this stage can be made into an additional stage of audio, all wires to terminals 6 and
2 of the 12SR? tube and all wires to terminal 5 of the 12.{6 should be removed. This
operation causes the following component parts to be useless, Hence they may be
removed.  R14,  C26,  L12,  L13,  C27,  C28,  R15,  R18,  R19,  R20,  R16,  R1?,  C29.  I t
will be necessary to refer to the original circuit (pages 8-9) to locate and remove
these parts. Once again some confusion may arise if the ARC-5 is being converted,
so be careful to remove only the parts associated with the CW oscillator circuit.

(d) Addition of First Audio Stage:

The operation just accomplished causes the triode section of the 12SR? tube to
be free for use as a stage of resistance-coupled amplification. Refer to the circuit
of Fig. 2 i f  the BC-454 series is used and to Fig. 3 i f  the ARC-5 is used.

The audio volume control included in the revision is mounted on the front panel

in place of the original adapter plug, from which all wiring can be removed. How-
ever, the wire labeled "Gain Control Line" on the circuit diagram normally went
through an external 50,000-ohm pot to ground for control of RF gain. In thiscon-
version it is to be grounded directly to the chassis at some convenient point, allow-
ing the RF gain to run wide open.

It will be notedthat a 1N34 crystal-diode noiselimiter is included in the circuit.
This limiter is especially advisable if the receiver is to be used in an automobile.
The noise-silencer switch is mounted in place of C5. (C5 may be used in the plate

circuit  of V? after conversion.)
The present output transformer should be replaced, as the original one was de-

signed to match headphones and will not match the ordinary PM speaker. A small
universal matching transformer to couple the chosen output tube to a PM speaker
should be installed.

(e) Antenna Post Modification:

It is advisable to remove the present antenna post and to replace it with a
standard bayonet receptacle as used on most auto radios. For convenience, it is

suggested that this receptacle be installed on the side of the receiver instead of on
the front.

Note: The above modifications will allow operation on the original frequency of the
unit merely by applying heater and plate voltage; however, for lO-meter op-

eration the RF section must be modified further as follows:

(f ) Rl, Components:

Remove the plug-in RF assembly consisting of the 3 coils enclosed in the metal

shield cans. Work on one coil at a time. It will be necessary to remove the metal

slug in each coil to facilitate rewinding. The slug is replaced when rewinding is

finished.

Ll (Ant coil) Remove the existing winding and rewind with 6 turns of No. 18 enam-

eled wire, space wound the full length of the coil form.

L2 (Honeycomb mixer coil) Remove the existing honey-comb coil with the excep-

tion of the last layer. This will leave approximately 9 turns for L2. This should

be interwound with L3 after L3 has been rewound as in the next step. (Added

sensitivity will be gained by interwinding the coils.)

- 6 -



L3 (On same form as L2) Remove the existing winding and rewind with 5 turns of
No. 18 enameled wire, space wound the full length of the coil form. (Now inter-
wind L2 with L3.)

L4 (Osc coil - small winding) No alteration necessary.

Lb (Osc coil - on same form as L4) Remove the existing winding and rewind with
5 turns of No. 18 enameled wire close spaced. L5 should be between 1,/8" and
3/16" from L4.

In order to provide sufficient spread of the l0-meter band, it is necessary to
reduce the capacitance of each section of the tuning condenser. This is accom-
plished by pulling off all rotor plates with the exception of the slotted one at the end
of each section. This can be done with a pair of long nosed pliers without removing
the condenser. Using a single plate in each section of the condenser, the band
spread should be about 2? to 30 Mcs on the calibrated dial. The original dial plate
should be removed byloosening the retaining nut, and replaced with a round piece of
lucite or metal on which the 10-meter calibration may be marked.

If not already provided, holes should be drilled in the RF section shield to ex-
pose the trimmer condensers with the shield in place. Otherwise, the added capaci-
tance of the shield would detune the circuits.

At this point the receiver is capable of operation providing power is applied.
(See following section on power supplies.) The alignment is quite simple. The re-
ceiver should operate smoothly over the band. If it does not oscillate, reverse the
connections to the oscillator coil winding. If the receiver is sensitive only in spots
instead of over the entire range, take a turn at a time off the oscillator coil or coils
until the receiver tracks. (The oscillator must be tuned above the incoming fre-
quency to obtain proper tracking.) Normally the oscillator can be made to track
properly by adjustment of the oscillator trimmer, but sometimes a turn or so must
be taken off the coil to increase its frequency.

If the RF trimmer appears to have no effect, take a turn at a time from the
center coil (small wire) until the trimmer gives a definite peak in output.

The oscillator padder should be adjusted for maximum output while the tuning
dial is rocked back and forth. The oscillator trimmer may be used to move the 10-
meter band into the limits of the dial desired.

The 2-meg. grid resistor of Y3 should be detached from the AVC circuit and
grounded to give a better signal,/noise ratio.

(g) Power Supplies:

A simple power supply circuit for use with the receiver is shown in Fig. 4. A
vibrator supply can be used if mobile operation is desired. Also, for mobile opera-
tion the voltages can be tal<en from the existing broadcast receiver thus eliminating
the need for an extra supply. In this case it is necessary to place a switch in the
broadcast receiver to remove its load from the power supply when the 10 meter re-
ceiver is being used.

(h) Rack Mounting:

For mobile installations, the FT220A rack may be used to mount the receiver,
making it an easy matter to take out and repair the set. This rack was designed to
take 3 receivers so it will be necessary to saw off one and rewire it to suit the plug
connections used on the receiver. The switch on the front of the rack may be used
for a standby switch and the fuse block on the rear will be handy for a battery lead
fuse"
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APS-13 TRANSMITTER/RECEIVER FOR 420-MC. OPERATION

The AN/APS-13 Transmitter/Receiver is a low-powered airborne radar unit,
designed and used as a warning device for rear approaching enemy aircraft. It was
commonly referred to as the "Tail-End Charlie" and operated audible indicators
when rear approaching aircraft were within operating range of the unit.

The unit is completely enclosed and weighs approximately l2-L/2 pounds. It
operated from 28 volts DC, requiring 3.25 amperes, witha self-contained dynamotor
supplying the "8" voltage.

Since the ApS-13 is designed to operate in the 420-Mc. range, no major revamp-
ing of the tuned circuits in the transmitter and receiver sections is required for
amateur use. However, the pulse modulator and other components for the radar
functions are not used and therefore are modified or removed from the unit.

(a) Description:

Two 6J6rs operating in parallel push-putl as a self-excited oscillator form the
transmitter section of the APS-13. Tuning of the transmitter is accomplished by a
screwdriver control on the front panel which slides a shorting bar along the l/4'
wave plate line. The antenna circuit is coupled to the 1/4-wave line by means of a
"hair pin" pick-up loop which is variable by screwdriver adjustment. Coupling ofthe
antenna circuit is also controlled by the variable antenna loading condenser, C-159.

The receiver section consists of the front-end section (6J6 osci l lator and 6J6
mixer), 3O-Mc. IF, detector and video. The video output controls audible and visual
indicators through the two 2D21 thyratrons and associated relay circuits.

Tuning of the receiver "front-end" is accomplished by screwdriver adjustments
from the front panel. The tuning arrangement consists of a shorting bar on the
oscillator line and mechanical rotation of condenser plates on the mixer line.

Converted for amateur use, the APS-13 includes the original receiver "front-

end" and IF section with an added audio section for AM reception. The audio section
also serves as a plate modulator for the transmitter. A conventional AC power sup-
ply is also included i:r the modified version.

(b) Removal of Parts:

For AM operation it is obvious that the pulse modulator must be replaced and
the receiver modified for audio reception. This eliminates the pulse forming net-
works and other associated eomponents used for radar operation as Iisted below:

Dynamotor D-101
ReIay K-101. with terminal board and associated parts.
RF Transformers L-108,  T-109,  T-110,  T-111,  T-112,  T-113,  T-114'  T-115'

&  T - 1 1 6
Condensers C-15?,  C-158 (A & B)
Coi I  L-111
Tubes & Sockets V-110,  V-111,  V-114'  V-115,  V-116'  & V-117'  wi th aI I

small immediately associated parts.
Terminal Boards E-116 (on back of front panel), with associated parts.

E-103 (associated with V-109; Ieave tube and socket).
Ptug J-101 (on front Panel).
Cover Plate (on front panel) with associated C-115, C-209, L-153, & L-154
Coax Line (on front panel) temporarily removed
Receiver front-enci section
Transmitter section 

!r Ir
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Removal of the above components leaves primarily only the IF section. Tem-
porary removal ofthetransmitter and receiver front-endsections becomes apparent
in the following mechanical modifications.

(c) Addition of Components and Controls:

From Fig. 1, it is apparent that the center section of the chassis is cut out with
a hacksaw and replaced with a new solid section of sheet dural or aluminum. This
operation permits better mounting of the added components and improves the ap-
pearance of the completed unit. Dimensions of the removed section and new section
are given in Fig. 1.

Before replacing the new chassis section, drilling and cutting of mounting holes
for the major added components should be done. The location of these components,
power supply and so forth, is not critical and canbe determined approximately from
ttte photos.

The following controls and components are located on the front panel:

AF Gain Control (in former position of "Regulation Control")
RF Gain Control (provided with shaft extension for control knob)
Speaker Plug (4 prong socket in former position of J-101)
Microphone Jack (to correspond to microphone used, T-17, etc.)
Transmit-Receive Switch (4 pole, 2 position)
Coax Mounting Bracket (remounted to clear receiver controls as shown in

photographs)
Receiver Oscillator Tuning Control (adapted for knob)

(d) Receiver Front-End Section:

Before replacing the receiver front-end section, the removal of several parts
and reconnection of the heaters is necessary. Parts to be removed include C-143,
C-144 and C-145 feed-through type condensers with terminal board E-119 and all
immediately associated parts located on the side adjacent to the oscillator tuning
line. The yellow lead to the cathode of V-101 is also removed.

The heater circuit for this section is reconnected for 6-vo1t operation as shown
in the converted schematic diagram, Fig. 5. It should be noted that all the RFC's
are used.

To facilitate receiver operation, the existing screwdriver oscillator tuning
should be modified for a knob control. This is easily accomplished by using a
standard 1/4" shaft extension as shown in Fig. 2. If desired, this same treatment
may be used for the screwdriver mixer tuning control.

After the receiver front-end section is replaced in its original position on the
chassis, it is reconnected as shown in Fig, 5.

(e) Receiver IF Section:

From the converted schematic diagram, Fig. 5, it is apparent that the five 30
Mc. IF stages are left intact and that only slight circuit changes are made. These
primarily involve the voltage supply circuits and the RF gain control.

To obtain correct voltages for the screen grid buss and the plates of the IF
amplifier stages, dropping resistors are used with by-pass condensers for ample
decoupling. If sufficient decoupling is not used, "motorboating" may occur through
the power supply from the AF section.

The new RF gain control varies t}re screen voltage on the first IF stage. The
former RF gain control (cathode circuit of fifth IF amplifier) is removed with the
cathode resistor, R-132, being run directly to ground.

1 5



unfortunateLy in most cases, the upper slug adjusting screws of the IF trans-
formers were clipped off at their stagger-tuned settings. This practically elim-
inates realignment of the stages in order to narrow the existing pass band. How-
ever, this is not too objectionable since there is ample gain available. Also, a
relatively wide pass band is desirable to compensate for frequency instability of the
modulated Self-excited oscillators commonly used in the u.h.f. bands.

It should be noted that slight retuning can be accomplished by carefut adjust-
ment of the primary slugs (lower ones). Peaking on noise is satisfactory.

(f) Audio Section:

The added audio section consists of 3 stages: the plate detector (6AGb), first
audio amplifier (6AG5), and the second audio power amplifier (6v6). This circuit is
of conventional design utilizing as many of the original parts as possible. It should
be noted that the microphone circuit derives its excitation voltage from ttre cathode
resistor of the 6V6 stage.

The output transformer is of the conventional push-pull to voice-coil type which
utilizes half of the primary winding as a secondary for modulating the transmitter.
With the "T-R" switch in the transmit position, the speaker voice coil (secondary)
circuit is opened, giving a 1:1 impedance ratio to the plates of the transmitter os-
cil lator.

It should be noted that the "T-R" switch disables the receiver section by remov-
ing the plate voltage fromthe IF section during the transmit period. In the transmit
position, the mike transformer secondary is switched intothe grid circuit of the first
audio amplifier. Also the oscillator becomes active when its cathode circuit is
completed by the "T-R" switch in the transmit position.

(g) Transmitter Section:

The transmitter section remains virtually unchanged with exception of the re-
moval of R-155 and R-156. As in the receiver section, the heater circuits are re-
connected for 6-volt operation with all the RFC's used. After the transmitter is
replaced on the chassis in its former position, it is reconnected as shown in Fig. 5.

(h) Power Supply:

Porver requirements for the converted ApS-13 are 6.3 volts at 4.3 amperes for
the heater circuit, and 300 volts DC at approximately 80 ma. for the plate supply.

The power supply shown in Fig. 5 is adequate for the above requirements and
can be conveniently placed on the new chassis section as shown in the photographs.
The AC power switch may be located at the AF gain control or separately on the
front panel as desired.

(i ) Adjustments and Operation:

Before attempting adjustment of the receiver and transmitter, all voltages
should be checked. Readings should approximate the values shown on the converted
schematic diagram.

If the AF and IF sections are functioning, the oscillator "hiss" (noise) should be
heard at the speaker output with its level being varied by both the AF and RF gain
controls.

With the oscillator tuning set at its approximate mid-position, the mixer can be
tuned through resonance with an obvious increase in noise level at the resonaat
point. Mixer resonance should occur near the open position of its condenser plates.
If it is not near this point,the tuning range of the mixer can be shifted by moving the
shorting bar on the mixer line. Generally this adjustment is not necessary.



Further adjustment of the receiver tuning must be done with an external signal
or ignition noise.

In coupling the receiver input to the antenna, adjustment of padder condenser,
C-119 (labeled "8" on panet) and the "hair-pin" coupling loop is necessary. Adjust-
ment of the padder condenser, C-119, is critical for optimum performance.

If the self-excited transmitter is oscillating ("T-R" switch in transmit position),
its grid voltage wiII be approximately -22 volts. This reading is obtained when the
oscillator is not loaded.

Loading ofthe transmitter is adjusted by C-159 and the "hair-pin" coupling loop.
Under loaded conditions, the plate current ofthe oscillator should not exceed 50 ma.
Normal readings willbe around 45 ma. It should be noted that this type of oscillator
may not oscillate when too heavily loaded.

Modulation Ievel is adjusted by the AF gain control in the audio section. In nor-
mal operation, the AF gain is left at its proper modulation setting for transmission,
with the RF gain being adjusted for the desired receiver output level.

For transmitter adjustment, the ordinary 28-voLt dial lamp provides a good in-
dicator for RF output and modulation of the RF output.

After connecting the coax matching section to the receiver and transmitter, it
is necessary to make slight tuning readjustments both for the transmitter and re-
ceiver. When using the antenna matching section, tuning interaction between the
transmitter and receiver requires careful adjustment for optimum operation.

Satisfactory operation can be had by using the converted APS-13 with a multi-
element beam fed with 52-ohm coax. For proper matching, a series 1/4-wave Iine
section can be used.

(j ) Optiona! Refinements:

For those who may desire to improve further their converted APS-13, the fol-
lowing suggestions may be of interest:

(1) BV carefully locating the added components on the new chassis section,
sufficient space can be obtained for mounting a small PM speaker on the inside of
the front panel. This necessitates cutting a hole or drilling the front panel for the
speaker grill-work. With the speaker mounted internally, the speaker plug can be
eliminated.

(2) Higher efficiency in the antenna circuit can be obtained by replacing the
existing coaxial matching section with an antenna switching relay. This relay may
preferably be of the coaxial type.

(3) For added sensitivity and higher signal noise ratio, an added RF stage can
be used ahead of the receiver "front-end". Excellent results can be had by using the
light-house tube with coaxial tank circuits.

(4) Better performance can be had by using voltage regulation lrom a VR-105
(used in the originalcircuit)forthe screen supply voltage ofthe IF ampli f ier section.

(5) For optimum transmitter adjustment, metering of the grid andplate circuits
is very helpful. Also, at these frequencies a field strength meter is advantageous in
tuning antenna systems.
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CONVERTING THE ARC-5 OR SCR-2?4N SERIES
TRANSMITTERS FOR IO-METER MOBILE OPERATION

The SCR-2?4N or ARC-5 series aircraft transmitters, have several good fea-
tures that justify their modification for l0-meter mobile operation in conjunction
with the popular PE-103 dynamotor, This converted transmitter, used in eonjunc-
t ion with the converted lO-meter ARC-5 or BC-454 receiver, also describeO in t ir is
manual, provides the amateur with a satisfactory 29 Mc. mobile rig at a very rea-
sonable cost.

The SCR-2?4N or ARC-5 series transmitter consists of a stable Vtro with a
direct ly cal ibrated dial driving a pair of paral lel  1625's (12-volt  g0?'s). The exist-
ing circuit requires 28 volts DC using series-parallel circuits for the 12-volt
tubes. The plate voltage supply is obtained from a 28-volt dynamotor located in the
separate modulator unit. The circuit also includes a tuning-eye indicator and a
plug-in crystal unit for calibration of the VFO.

This conversion deals with the more popular unit, ttre BC-4b9, having the funda-
mental frequency range of ? to 9.1 Mc. Multiplying by 4, the output fre-quency be-
comes 28 to 36.4 Mc which includes the lO-meter band. It becomes apparent that
the BC-457, which has a flndam-ental frequency of 4 to 5.3 Mc, with i frequency
multiplication of 6, covers 24 to 31.8 Mc, thus including both the 10 and ll-meter
bands. If the BC-45? is used, the only variation required from the conversion de-
scribed herein is that the stage following the VFO must function as a tripler instead
of as a doubler.

(a) Preparation of the Chassis:

From the photographs and the converted circuit it is apparent that all compo-
nents and associated wiring are removed with the following exceptions: the Vfp
circuit, coil compartment, and variable condenser C-63 wtiich are left intact; the
variable condenser (c-95) which was originally the pA tuning condenser; the me-
chanical tuning gear and drive arrangement; and the tube sockets.

After stripping the chassis, except for the VFO which is left unaltered. variable
condenser C-65 is mechanically uncoupled from the oscillator tuning control shaJt.
This is accomplished by removing the drive gear from the condenser shaft. The
shaft is then extended through a hole in the chassis skirt for an external knob or
screwdriver control with a locking device. This condenser becomes part of the pA
plate circuit and functions as the antenna loading condenser.

Since a mating plug for the existing ]-64 at the rear end of the chassis is not
always available, it is replaced with a standard 6-prong tube socket.

Relays K-53 and K-54, along with the antenna connection post, are also re-
moved from the chassis. Relay K-53, which is located on the under side of the
chassis, should be saved. After modification it is used for the new antenna switch-
ing relay.

(b) Tube Substitution:

For 6-volt operation all the existing l2-volt tubes must be discarded. The
1626 oscillator tube can be directly replaced by a 6]b, its 6-volt equivalent. The
metal type is preferred.

The two sub-chassis sockets formerly occupied by the two 162b's are now
modified for the 80? (PA) and the 6vG (second doubler). Due to the different base
of the 80?, the ?-prong socket holes must be filed out with a small round file to ac-
cept the 807 as shown in Fig. 1. Before filing, the spring clips on the bottom of the
socket should be removed so as not to damage the contacts. The spring clips are
replaced after the pin holes have been modified.
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The second sub-chassis socket is modified for mounting the 6V6 octal socket.
The spring contacts are removed and discarded by drilling out the rivets. A hole of
sufficient diameter is cut in the insulating material to accept a standard ring-
mounted octal socket. Care should be exercised to avoid cracking the insulating
material.

As shown in Fig. 2, the first doubler (6SK7) occupies the socket of the former
calibration indicator (1629). The heater circuit is then wired for parallel operation
with one side grounded as shown in the diagram, Fig. 6.

(c) Addition of the Frequency Multiplier Stages:

For conservation of space and ease of operation, permeability tuned coils are
used for both doubler stages (14 Mc. & 28 Mc.). These forms are available in all
varieties, both surplus and standard manufacture. Since the efficiency of these
stages is not of importance and relatively broad tuning is desirable, the distribu-
ted circuit capacitance is sufficient for tuning the coils to resonance.

Coil winding data is given in Fig. 4. If forms of different diameter are used,
the number of turns should be varied accordingly. The resonant point and harmonic
output of the doubler stages can be easily determined with an absorption-type wave-
meter. A small neon lamp is also useful for adjusting these stages.

The doubler coils are single-hole mounted to the chassis skirt with the adjust-
ment screw exposed for external adjustment. The first doubler coil is mounted
directly under the 6SK? socket, while the second doubler coil is mounted in the
existing hole in the chassis skirt beside the 6V6 socket. The mounting hole was
formerly used for the PA padder (C-6?) adjustment.

Since the grid leads to both doubler stages are rather long, it is preferable'to
use shielded cable for both these leads. Low-capacitance mike cable or coax with
both ends of the shield grounded should be used.

It should be noted that the first doubler gridis driven from the same point of the
VlO that formerly drove the grids of the 1625's. In the first doubler grid circuit,
R-?4 becomes the grid-Ieak resistor for the 6SK7; this value should be changed to
100K ohms. Bias for the second doubler is derived both from the grid leak action
and from a cathode resistor.

It is important to note the connections to the oscillator coil compartment before
removing the original leads. This wiII eliminate the necessity of removing the os-
cillator compartment shieldto determine the proper corurections. Component place-
ment and shortness of leads are important in wiring the two doubler stages as is
usual in transmitter design.

(d) Power Amplifier Circuit:

All components, except the antenna loading condenser C-65 and the plate feed
RFC are mounted above the chassis. This provides good isolation in addition to
convenient mounting and close grouping of components. The PA plate tuning con -
denser is mountedas nearthe 80? socket as possible and iscontrolled by the former
antenna loading control shaft and knob. This shaft is modified for coupling to the
condenser shaft as shown in the photos. The final tank, (L-3) is mounted vertically
beside the PA tuning condenser.

A centralized junction point for the RF leads from the antenna coupling conden-
ser, the final tank, and the antenna loading condenser is made by relocating the
porcelain feed-through button as shown in the photograph.

For isolation, t}re PA feed RFC is Iocated under the chassis with its associated
by-pass condenser directly between the end of the antenna loading condenser and
the chassis skirt.

(e) Antenna Circuit:
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As indicated inthe converted schematic diagram, Fig.6,the pA tank circuit and
the antenna loading condenser form a pi-network. With each setting of the loading
condenser, the PA tank must be retuned to resonance. Greater loading requirei
less capacitance in the loading condenser and more capacitance in the PA tuning
eondenser to maintain resonance.

The original relay K-53 is modified by rewinding it for 6-volt operation and
revamping the contacts as shown in Fig. 3. with the relay in its open position (un-
excited) the transmitter RF circuit to the antenna is open and the receiver is
switched to the anterura. The relay is mounted inside the transmitter front panel in
the former position of K-54 without the necessity of drilling new holes. The antenna
switching relay is coupled to the pi-network through a .001 mfd. silver-mica con-
denser.

(f ) Metering:

The second doubler grid, PA grid, and the PA plate circuits are metered.
Midget closed-circuit jacks are located on the chassis skirt as near to the circuits
concerned as possible. The locations should be apparent from the photographs.

If a single meter is used, the proper shunt values must be determined for the
circuits concerned. A O-1 ma. meter can be used satisfactorily with approximate
shunt values of 15 ohms for Ra and 0.?5 ohms for Rb. If accurate readings are
desired, shunts must be determined experimentally for the individual o-1 ma.
meter used.

(g) Modulator:

The modulator described herein is capable of delivering 12 watts of audio power
which will satisfactorily plate modulate 25 to 30 watts input to the power amplifier.

A separate, completely enclosed, chassis is used for the modulator. As shown
in the photographs, the chassis from the AM-26 Interphone Amplifier will serve the
purpose satisfactorily; however, any chassis of similar size can be used.

The circuit consists of push-pull 6v6's driven by a push-pull connected 6sN?
which in turn is driven by the surplus T-1? single-button carbon microphone.
Trarsformer requirements include a mike to push-pull grids transformer and a
modulation transformer such as the UTC s-18. The impedance transformation
from the 6v6 plates to the 80? is 9000 to approximately 6000 ohms. The actual im-
pedance of the PA will depend upon the loading of the PA circuit.

To avoid poor voltage regulation and large dissipation in a dropping resistor,
the tull 500-volt output of the PE-103 dynamotor is applied tothe plates of the 6v6's.
To permit this high voltage, the cathode bias is increased considerably above that
used in normal audio applications. Normal vo'ltages for the screens of the 6V6rs and
the 6SN7 as well as for the low voltage stages in the transmitter are obtairred
through dropping resistors as shown in Fig. 6.

One feature to be noted is that the mike excitation is obtained from a tap on the
cathode resistor of the 6V6's. This consists of a potentiometer in series with the
cathode resistor at the low potential end. The swinger of the potentiometer supplies
the excitation voltage for the mike and also serves as a mike gain control. This is
an optional arrangemeni since the mike voltage can also be obtained from the 6-volt
automobile battery through an appropriate RC hash filter.

(h) Control Circuits:

Because the transmitter, modulator, and dynamotor are normally located in the
trunk or rear section ofthe automobile, a remote control box is required for opera-
tion from the front seat ofthe car. This control box is usually located at some con-
venientpoint onthe dashpanel and includes a mike jack (for PL-66), atoggle switch
(s.p.s.t.) and a pilot lamp.
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Since slow-heating catlode-type tubes are used in this version, the heater'cir-
cuit must be separately controlled from the high-voltage circuit. To avoid damage
to the tubes, the heaters should be on approximately 30 seconds before the high
voltage from the PE-103 is applied.

From the control circuit diagram, Fig. 7, it is evident that a separate power
switch operates the heater circuit and also the pilot lamp circuit in the control
box. Closing the "push-to-talk" switch on the hand microphone operates the dyna-
motor relay circuit and the antenna switching relay.

Even though it is preferable to use a separate relay for the heater circuit, in
this instance it can be eliminated if a heavy No. 8 or No. 10 lead of minimum length
is used between the modulator and the Remote Control Box. Voltage drop is not
appreciable since the current in this circuit only approximates 3 amperes.

The total Ioad drawn from the carbattery when operating the transmitter willbe
approximately 25 amperes. Normal operation and tuning adjustments wiII not over-
load the circuit breakers in the PE-103; if they do open, trouble can be expected in
the transmitter anC modulator circuits. The connection diagram and operation for
the control circuits should be self-explanatory from Fig. ?.

(i ) Operation:

Preliminary operation and adjustment should be done on the bench with reduced
voltage (200 to 250 volts) on the PA. This precaution is obvious since PA bias is
derived by the grid-Ieak action. The lack of RF excitation to the grid of the
80? would result in permanent damage to the tube if high voltage were used. How-
ever, the VFO always oscillates, while crystal oscillators often do not.

With Iow voltage applied to the transmitter, set the oscillator at approximately
?.25 Mc. and adjust the two doublers to their proper harmonic. As previously men-
tioned, this is easily checked by an absorption-type wave meter. The second and
fourth harmonics are 14.5 Mc. and 29 Mc. respectively.

If the doubler stages are resonant at their proper frequency, the final stage can
be tuned to 29 Mc. as indicated by the dip in its plate current. For this initial ad-
justment, the antenna loading condenser should be set at its maximum capacitance
(minimum loading). This results in the most pronounced dipint}te PAplate current.

The modulator may be separately checked by connecting an ordinary output
transformer and PM speaker tothe secondary of the modulation transformer. Audi-
ble check for distortion and response should be sufficient in this case. The power
output can be roughly checked along with the amount of excitation voltage for the
mike by measuring the a-c voltage across a 6000-ohm, 1O-watt resistor connected
across the output of the modulator.

Before replacing the covers on the completed transmitter, the VFO should be
recalibrated. This is necessary in order to corrpensate for the slight electrical
differences in the new circuit fotlowing the YF0, and for variation between the for-
mer 1626 and the 6J5. Recalibrating is a simple operation and is done by setting the
VfO dial to ?.50 Mc. and beating its second harmonic with WWV's 15 Mc. signal in
your rebeiver. Zero beat is attained by adjusting the oscillator padder condenser
(C-60) accessible through the top of the VFO coil compartment. Generally, the os-
cillator inductance (slug adjustment, exposed screw on topof VFO coilcompartment)
need not be changed.

Due to the relatively broad tuning of the multiplier stages and the loaded PA
circuit, the transmitter frequency can be shifted considerably by merely tuning the
vFo.

When the transmitter is functioning properly, full voltage may be applied to it
and the modulator from the PE-103 with the following expected meter readings:

Second Doubler Grid Current
PA Grid Current
PA Plate Current

0.6 ma.
4 t o b m a .
80 to 90 ma. (normal loading)
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when loading the PA to the l/4-wave (appro:r. 100 inches) whip antenna or a
dummy antenna, the capacitance in the loading condenser is decreased as the load-
ing is increased. As previously mentioned, the final tank circuit must be retuned
to resonance for each new setting of the loading condenser. Normal loading for the
PA should be between 80 to 90 ma. with the full applied voltage.

(j ) Optional Refinements:

For those who may desire additional refinements, the following suggestions may
be of interest:

(1) Monitoring Circuit, especially usefulfor checking the transmitter output can
be added with a one-turn pick-up coil at the cold end of the PA tank coil. The out-
put from the circuit shown in Fig. 5 is brought out to the transmitter front panel for
high impedance phones.

(2) Resonance lndicator, which consists of a pick-up turn at the cold end of thg
PA tank coil with a .15 ampere pilot lamp, provides easier adjustment of the pA
tuning. The pilot lamp can be located directly behind the plastic window on the
transmitter front panel.

(3) Heater circuit Relay, which avoids the necessity of hear,y leads to the re-
mote control box, can be placed in the heater circuit and located on the modulator
chassis. This relay can be wired for both local and remote contro^.

(4) Metering, cil be more elaborately done by mounting a 2-inch O-1 ma.
meter intle front panel of the transmitter with a rotary switch and circuit as shown
in Fig. b.

(5) Crystal Microphone, can be added with an extra stage of voltage amplifica-
tion at the front end of the modulator. This stage should consist of a 6Fb, 6J?, or
similar tube. The circuit can be located at the remote control box as the pre-
amplifier and must incorporate the conventional mike gain control.

(6) Stabilization of the VtrO, can be slighily improved by regulating its plate-
supply voltage. This can be accomplished in the conventional manner through the
use of VR tubes.

(7) Mounting For the Transmitter, can be facilitated by using its regularly
associated FT-226A mounting rack. By using both sections of the rack, both the
transmitter and modulator can be mounted. This will also provide convenient re-
moval of the units for adjustment and servicing.

For additional data, refer to Volumel of the "surplus Radio Conversion Manual","SCR-274N Transmitter Conversion to VF0."
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L-1 (lst doub. plate) 14Mc

L-2 (2nd doub. plate) 28Mc

L-3 (PA plate) 28Mc

RFC-1 (parasitic choke)

COIL WINDING DATA fqn
12 turns, #24 enamel, close wound
on 5/8" dia. form.

? turns, #20 enamel, space wound
on 5/8" dia. form, length 3/8".

9 turns, #16 tinned, L-l/4" long on
1" dia. form.

?-1/2 turns, hook-up wire in plate
lead, L/4" dia. 1/2" long.
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SCHEMATIC OF BC-459 TRANSMITTER (?-9.1 Mcs)
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C62 - Fixed Neutralizing
C63 - Master Osc. tuning
C64 - .002 uf
C65 - P.A. tuning
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R?? - 390 ohms
R?8 - 51 ohms
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Y50 - Crystal Unit
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SE LENIUM-RECTIFIER POWER UNITS

A majority of the items of electronic equipment available on the surplus market
are designed for operation in military aircraft. Hence, these items of equipment
have been designed for the types of power supply available aboard such an aircraft.
Three types of power supply have been standard; these are: 12-14 volts d.c,,24-29
v o l t s d . c . , a n d 1 1 5 v o l t s a . c . a t 4 0 0 c y c l e s o r 8 0 0 ' o r 2 4 0 0 c y c l e s .  I t i s i m p r a c t i c a b l e
to attempt to construct a high-frequency a-c supply for the operation of electronic
equipment requiring such a source of power. It is better in such cases to construct
a completely new power supplyfor the equipment andto design this power supply for
operation from the standard 115-volt 60-cycle l ine.

Many of the items of surplus equipment are designed in such a manner that cer-
tain of the operating features and conveniences are lost when a 12-volt or Z4-volt
d-c power supply is not available for the unit. Relays, motors, band-changing sys-
tems and such conveniences must have a sizeable d-c power supply for their opera-
tion in many of the items of equipment. And if a d-c power supply is made available
for these sections of the equipment itis often practicable and even less expensive to
construct a slightly larger d-c power supply so thatthe plate-supply dynamotor and
the tube heaters also may be operated from the d-c supply.

Typical 28-Volt Medium-
Current Selenium Recti f ier.
(Vickers)

Features of the Selenium-Rectifier Power Supply:

The selenium-rectifier power supply for the production of low-voltage high-
current d.c. is a completely reliable and quite satisfactory item of equipment. The
efficiency of operation of such power supplies is quite good, running from ?b to 8b
per cent at full load on the basis of output to input wattage. Regulation is adequate,
running from three to five per cent from half-load to full-load current. The life of
the rectifier unitis, for amateur use particularly, substantially unlimited; a standard
unit running at rated load with normal cooling will show a loss of only a few per cent
in output voltage after a 10,000-hour period of operation. The rectifiers deliver full
output as soon as they are turned on and they are completely silent in operation
since there are no moving parts.
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Figure 1 - Forward and reverse
current characterist ics of a

typical selenium-recti f ier plate.
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Design of Selenium-Recti f ier Supplies:

Figure 1 shows the static forward and reverse current characteristics of a
typical selenium rectifier plate. It can be seen that current flows much more read-
i ly in one direct ion than in the reverse direct ion. However, there is a moderate
limit to the value of reverse voltage which may be applied to such a rectifier plate.
The actual value of the maximum value of reverse r-m-s voltage which may be
applied to each plate of a selenium rectifier depends upon the size of the plate and
upon the maximum temperature at which the plate will be operated. Under ordi-
nary conditions this maximum permissable reverse voltage varies from something
over 20 volts for the small  rect i f ier units used in a.c.-d.c. power supplies down to
about 14 volts for the larger of the plates used in low-voltage high-current power.
supplies.

Figure 2 shows the dynamic voltage drop across each of the plates of each
section of a selenium rectifier unit. A half-wave rectifier has only one section, a
full-wave rectifier has two sections, and a bridge rectifier of the type used in low-
voltage supplies has four sections. Rectifier units designed for an output voltage of
12 to 14 volts have only one rectifier unit for each of the four sections of the bridge
rectifier, while units designed f.or 24 to 28 volts output have either two or three
units in series in each of the sections. In the curves of f igure 2 the number (1)
represents the very smallest rect i f ier plate while (6) represents a relat ively large
plate of the type used where several amperes of output current wi l l  be required.

N ;itffit; 
--;-;-l

Figure 2 - Dynamic voltage-drop characteristics
of six typical selenium-recti f ier plates.

From figure 2 it can be seen that a voltage drop of approximately one volt for
each plate connected in series in the effective current path within the power supply
will be obtained at full. load. Referring to the recommended circuit for a selenium-
rectifier power supply, figure 3, it can be seen that the number of plates in series
in the current path for a bridge rectifier is twice the number of plates in each
section of the rectifier. And, with a choke-input power supply, the average output
voltage of the recti f ied wave is 0.9t imes thetransformer secondary voltage. Hence,
with a nominal 28-volt power supply as shown the output voltage will be 0.9 times
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the transformer secondary voltage minus about 4 volts rectifier drop (assuming two
plates per section in the recti f ier) minus the resistance drop in the power trans-
former and the drop in the filter choke.

The power transformer which feeds the rectifier must have a current rating of
at least 1.15 t imes the d-c output current which wil lbe taken from the power supply.
This comes about as a result of the fact that the r-m-s value of the alternating cur-
rent wave which is fed to the recti f ier is 1.15 t imes the average or d-c value of the
recti f ied wave.

F I G U R E  3

TYPICAL VALUES FOR A 28-VOLT,  IO-AMPERE SUPPLY.

S  -  n . c .  L r N E  s w  r T c H .
F  - s - A M P E R E  F U S E .
T -  TAppED 35 ,36 ,37 ,  AND 38  voLTs  AT  12  A .
L -  o . o z s  H E N R Y ,  1 o  A M P E R E S .
C- zooo ! ,FD. ,  50 voLTs.
R-  so  oHMs,  so -wATT BLEEDER REs ts roR.
Rec r . -  t o  -AMpERE,  2B-voLT  sELEN tuM

B R I D G E  R E C T I F I E R .

The use of a choke-input filter forthe output of the selenium rectifier in a high-
current power supply is to be preferred over the use of a filter capacitor directly
across the output of the rectifier. With a capacitor-input filter across the output of
the rectifier (in such cases a single capacitor is usually the only filter) the d-c
output voltage will be somewhat higher, but the regulation will be much poorer and
the r-m-s current through the recti f ier wi l l  be approximately 1.2 t imes the d-c
current being talen from the supply. With a choke-input power supply the d-c out-
put voltage is as stated inthe paragraph above, the regulation is good, and the r-m-s
current through the rectifier is only 0.8 times the d-c output current of the power
supply.

Filter chokes for low-voltage high-current power supplies are not so easily
available as rectifiers. But a relatively small amount of inductance is required of
such a choke. The minimum value of inductance required is determined through the
use of the same formula as used in determining the value of the input choke for a
conventional mercury-vapor-rectifier high-voltage power supply. L = Ri"/1000. In
this case R1 represents the smallest value of load resistance which wil l  ever be
used across the output of the power supply. If the power supply will sometimes be
allowed to run without external load, R1 is the value of the bleeder resistor which
will be used. However, if the power supply always will be operated with full load,
R1 is equal to the output voltage of the power supply divided by the load currentin
amperes. The inductance required in a 10-ampere power supply will be found to

T
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be in the region of 10 millihenries, depending uponthe voltage and uponthe minimum
current which will be drawn. In most cases it will be found that the choke required
by the formula stated above will be about the same in physical size as the choke
which normally would be used in a conventional high-voltage power supply with the
same power output rating.

The filter capacitor should have a capacitance of 100 to 5000 mfd. depending
upon the load being placed upon the power supply and upon the degree of filtering
required. However, in many cases and with many items of equipment neither a fil-
ter choke nor a filter capacitor wiII be required. In the power supplies for these
items of equipment it is necessary only to connect the output of the reetifier to the
input terminals of the equipment. In fact, if it is desired to get by with the bare
minimum in the power supply it will be wise to attempt this procedure with the
power supply for the equipment in question. If excessive hum or unsatisfactory
operation is obtained the filter choke and capacitor may then be added.

The selenium rectifier should be mounted in such a manner that free air circu-
lation is allowed. The rectifier plates are required to dissipate a moderate amount
of heat by their operation. The units are designed in such a manner that normal
convection currents of air flowing between the plates will accomplish the cooling.
Under no conditions should the temperature of any of the plates in the selenium
rectifier be permitted to exceed 750 Centigrade. If this temperature is exceeded,
rapid deterioration of the plates may be expected. Selenium-rectifier stacks are
designed in such a manner that under full load with an ambient (or inside-the
housing) temperature of 35o C. the maximum safe operating temperature of the
rectifier unit will not be exceeded.
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THE ARC-5 VHF TRANSMITTER/RECETVER

Most "surplus hounds" are well familiar with the popular ARc-b series trans-
mitters and receivers, but the vHF units of that series are not so well known. The
ARc-5 vHF consists of the T-Z3/ARC-5 Transmitter andthe R-zg/ARGb Receiver,
neither of which resembles the lower frequency ARC-5 units which are so common
on the surplus market.

This article does not cover the actual conversion procedure, but merely gives
inJormation to assist the reader in converting the units as may seem necessary.

The transmitter and receiver are of the crystal-controlled variety, each using
four crystals. Both can be set to operate on four channels throughout the range oi
100-156 Mc. The units are designed exclusively for phone operation and also are
intended only for operation from a remotely-controlled, push-button box.

The modulator (type MD-?/ARC-5) is a separate unit including a 2g-volt DC
dynamotor which furnishes voltages for the transmitter mounted on the same chas-
sis. The 28-volt dynamotor which supplies voltages for the receiver is located on
the rear of the receiver chassis.

The primary power requirements for operation are as follows:

Receiver only 28 volts DC at 2.0 amperes
Xmttr and Modulator (standby) rr tr " " 2.7 rr

Xmttr and Modulator (transmitting) rr rr r' " g.b rl

Receiver, Xmttr and Modulator:
(standby) rr rl

(transmitting) " I'

(charurel switching) rr rr

1 1  1 1  A n  t l

"  " 1 1 . b  r r
t '  "  6 '9  r l

Transmitter:

The T-23IARC-5 transmitter weighs 12.3 lbs. and is LS-B/L6 inches by g-9/16
inches by 5-29/64 inches in physical size. It is normally plugged into a type
MT-69/ARC-5 mounting rack. For original schematic see Fig. 1, pages 44-4i.

The power output is from 6 to 10 watts into a 50-ohm antenna on anv one of four
frequencies within the following channels:

A -  100-124 Mcs
B - L22-146 '�,

c - 122-146 I,

D  -  132 -156  ' '

The crystal frequency tobe used foreach channel is determined by the following
formula:

Crystal Frequency equals Carrier -{requency
1B

The Transmitter tube line up is as follows:

V301 (1625) Crystal controlled harmonic oscillator
V302 (1625) 1st harmonic generator
V303 (832A) 2nd harmonic generator
V304 (832A) Final PA

The power amplifieris plate and screen modulated bythe separate MD-?/ARC-b
modulator and power unit.
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Transmitter Tuning:

To tune the transmitter, allow the turret mechanism to come to rest on the
channel desired and cormect an external milliammeter from the terminals of J30?
(on front of transmitter), to ground, according to the circuit being tuned. The tuning
controls are labeled on Fig. 4 for easy reference. The following currents are
normal:

Oscil lator grid current 0.? to 1.2 ma
lst harm. gen. grid 1.5 to 5.a ma
2nd harm. gen. grid 1.5 to 5.4 ma
RF amplif ier grid 1.2 to 4.8 ma
Plate voltage, final 550 volts

A listing is made here of relay functions in order to simplify the schematic
diagrams.

K304 Controls motor
K301 Antenna relaY
K302 Plate and screen voltage
K303 Modulator Screen and key control
K305 Aux. plate and screen voltage
K306 Modulator plate and voltage regulator interlock.

Receiver:

The R28/ARC-5 Receiver weighs 14.5 lbs. and is 14 by7-5/32by A-1/8 inches
in physical size. It is normally plugged into a type FT-220A molnting rack.^ 

ihe circuit is a 10-tube superhet with no provision for BFO, as only voice re-
ception is intended. The receiver will function on only four frequencies in the fol-
Iowing channels, depending upon the crystals used:

A- 100-124 Mes.
B- t22-L46 "

c- t22-L46 "

D -  132 -156  "

For schematic diagrams
see center spread,
page 65.

The crystal frequency is determined by the following formula:

crystal Frequency equals ry

The Intermediate Frequency is 6.9 Mc. and the audio output impedance is 300
ohms, unless the BC-9424 equalizer is used, which causes the output to be 4000
ohms.

The tube line up of the Receiver is as follows:

V101 (?1?A) RF amPlif ier
V102 (71?A) Mixer
v103 (12sH?) 1st  IF
v104 (12sH7) 2nd IF
v105 (12SL?) Det-AVC-squelch
Vl06 (12SL?) 1st AF and squelch amP.
V10? (12.{6) 2nd AF
V108 (12SH?) RF osc - 4th harmonic generator
V109 (?1?A) Tripler - 12th harmonic generator
Vl10 (?1?A) Doubler - 24th harmonie generator
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For information, the plug connections on the receiver are as follows:

Rear plug (J102)

1- Ground
2- Audio output (hi or low)
3- MVC gain control lead
4- AVC-MVC control lead
5- Blank
6- 28 volts (in)

Front plug (J103)

1- Channel A control
2- Channel B control
3- Ground
4- Channel C control
5- Channel D control
6- Blank

?- "B" plus (out)

To operate the receiver alone, short terminals 1 and 6 of the rear plug to start
the dynamotor, and place a 50,000-ohm pot. to ground from terminal 3 to function as
an RF gain control.

A schematic drawingof the FT-220A Rack is given in Fig.5, page 46.

For diagram of interconnections, see center spread, page 66.
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ARC-5 VHF TRANSMITTER (Cover Off)

ARC-5 VHF RECEMR (Cover Off)

FIG. 6
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CONVERSION OF THE GO-g TRANSMITTER
(AIso applicable to TBW series)

The model GO-9 Aircraft transmitter was manufactured for the United States
Navy and used primari lyin the larger Naval aircraft for CW and MCW transmission
with a nominal power output of 100 watts. The complete unit is quite adaptable to
amateur use as i t  covers direct ly the 20,40 and 80 meter bands.

It is to be noted here that another popular surplus transmitter, the "TBW', is
quite similar to the GO-9. The TBW is also Naval equipment, being designed for
advance-base installations. The general appearance is somewhat different, but the
same three-section construction is used. Two major dif ferences exist between the
models: First,  the TBW intermediate frequency section covers a sl ightlydif ferent
range (350 to 1000kc.);  second, the TBW incorporates an 843 tube as a class A sup-
pressor -grid modulator,

The high-frequency section ofthe TBW is identical to that of the GO-9 in regard
to the basic circuit, and the power unit is similar, The instructions to follow may
be general ly used for the TBW, but as this conversion data pertains primari ly tothe
GO-9 transmitter, certain sections will not apply to the TBW. Particular attention
should be paid to the difference in terminal connection numbers in relation to the
power supply section. Naturally, since the TBW has its original modulator, the one
described for the GO-9 wii l  not be necessary.

The assembly consists of three aluminum frames fastened together with snap
catches and guide pins to operate as a single unit. AII of the necessary connections
between units are made by contact brushes and contacts.

The three units and their specifications pertaining to the GO-9 and TBW follow:

Size: Height 33 3l/32 inches 33 I/4 inches
Width 10 1/2 inches 13 5/8 inches
Depth 16 3/8 inches l7 L/4 inches
Weight 44 lbs. ?6.5 lbs.
Frequency 300-600 kc.  350-1000 kc.

HF Transmitter Type CAY 52193 Type CAY 52239

Size: Height 33 3l/32 inches 33 L/4 inches
Width l0 l/2 inches 13 5/8 inches
Depth 16 3/8 inches L1 t/4 inches
Weight 4?.5 lbs. 84 lbs.
Frequency 3000-18,000 kc.  3000-18,000 kc.

IF Transmitter GO-g
Type CAY 52192

TBW
Type CAY 52238

Type CAY 20084
(includes Modulator)
33 l /4 inches
lO 7/ 16 inches
L1 t i4 inches
?1 lbs.

exception of an additional

Rectifier Unit

Size: Height
width
Depth
Weight

Type CAY 20103

33 3L/32 inches
? 3,/8 inches
L6 3/8 inches
40.5 lbs.

Tube Line Up (Same for both GO-9 and TBW with
modulator in TBW.)

IF Transmitter 1 type 801 Master Oscil lator
1 tYPe 80? IF AmPlif ier
1 type 803 Power AmPlifier
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THE BC-35? MARKER-BEACON RECEIVER

Marker-beacon receivers, part icularly the BC-35?, have appeared in large
quantity and at very moderate cost on the surplus market. The BC-357 is of little
value in its original form to the average experimenter. However, its small size,
and several of the components in the unit, make for easy conversion to a capacity-
operated relay. This type of relay, which is caused to operate by the immediate
presence of any large object, has many uses which may include the control provi-
sion for the opening of garage doors, turning on of lights or ringing of bells as an
intruder protection, counting of personnel, and similar applications.

The original circuit of the receiver consisted essentially of a two-tube, tuned
r-f, reflex-type receiver with its rectified output used to operate an extremely sen-
sit ive relay. The receiver is completely enclosed in an aluminum case with dimen-
sions of 3-1,/2 inches in width, 5-1/2 inches in height, and 6 inches in depth. The
most valuable components of the unit are the sensitive relay and the housing. The
relay will close with a current of 0.4 ma. and will open again when the current falls
to 0.2 ma. The contacts are capable of carrying upto 500 ma. at low voltage without
deterioration. The housing alone is excellently suited for use as a container for re-
ceivers, converters, or other i tems of mobile equipment.

Conversion to a Capacity-Operated Relay:

A simple Hartley oscillator is used with the sensitive relay in the plate circuit
of a 6Jb tube. The circuit i .s self-rect i fyingto permit the use of the 115-volt a-c l ine
voltage as plate supply potential. Before adding the new circuit the chassis is
stripped ofall components except forthe relay, one tube socket,and the lower tuning
condenser. The completed circuit includes a well insulated lead brought out from
the grid of the oscillator. This lead should not exceed 5 or 6 feet in length and may
be terminated at the existing jack on the front panel. The oscillator coil, as shown
in figure 2, can be for any frequency below about 500 kc.

The operating principle is as follows: When the circuit is oscillating a relative-
Iy high bias is developed at the grid of the tube. With the high bias, which results
from grid-leak action, very little plate current flows and the relay does not close.
However, when the grid circuitis loadedby an external capacitance the r-fgrid volt-
age is decreased, resulting in lowered grid bias which increases the plate current
and closes the relay.

Final adjustment of the converted unit will include adjustment of the tension-
spring of the relay. This spring must be adjusted to locate the operating point of the
relay in the center of the tube characteristic. The unit is capable of slight r-f radi-
ation since the external lead is coupled directly to the grid of the oscillator. How-
ever, if a frequency well below 500 kc. is used this radiation will be so small that it
wi l l  not be perceptible even in a nearby receiver. A BC-348 receiver may be used
to check the installationto insure that oscillator radiation is not taking place. Posi-
tive tests should be made to insure against violation of FCC regulations concerning
such devices.
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HIGH.FIDELITY TUNER
FROM THE BC-9468 RECEIVER

The BC-9468 aircra-ft  receiver, or i ts Navy equivalent, in the ARC-5 series,
lends i tself  readi ly for conversion to a high-f idel i ty broadcast tuner. This re-
ceiver is identical to the SCR-274 series except that i ts frequency range is 520 to
1500 kc. with an intermediate frequency of 239 kc. For schematic, see pages 8-9,
and 11.

Typical of aircraft equipment, this receiver was designed to operate from 28
volts, DC. The 12-volt  heaters were wired in series-paral lel whi le the high voltage
was supplied by a dynamotor mounted on the rear of the chassis, The original tube
Iine-up is as fol lows:

12SK?
12K8
12SK?
12SK?
12SR?
12A6

lst RF amp
lst Detector (mixer)
1st IF amp
2nd IF amp
2nd Detector, CW osc.
2nd Audio amp (output)

(a) Preparation of Chassis for Added Circuits:

After removing the bottom plate from the chassis, the three plug assemblies
[-1, front; J-3, rear; and ]-2, dynamotor) with their respective wiring andhardware
should be removed and discarded. This is done vith the following exceptions:

(1) The "gain control line" (green lead) from the cathode bus to pin No. 1 of J-1,
should be grounded to a convenient point on the chassis.

(2) R-22 and R-23, the tapped bleeder resistor across the plate supply which
furnishes the screen voltage (approx. 100 volts) from the tap, is left intact.

(3) C-32 is then rewired as the screen voltage by-pass from the tap on the
bleeder.

All other components associated withthe plugs and the audio section and the CW
oscillator are completely stripped from the chassis. These include the following:
L-15,  L-14,  C-16,  L-12 and 13 (and components ins ide can) ,  C-26,  R-14,  C-29,
R-19,  R-18,  R-2t ,  V-2,  C-31,  C-35,  and T-1.

The output transformer, T-1, has a high-impedance secondary (4000 and 300
ohms) intended for headphone use and is not usable with conventional speakers.

(b) Modification of the Heater Circuit for 6-Volt Operation:

Since broadcast tuners are normally used in conjunction with a separate audio
amplifier which supplies the heater and plate voltages for the tuner, 6-volt heater
operation is recommended. This necessitates changes in the heater wiring as
shown in Fig. 1 and the substitution of 6-volt equivalents for the existing tubes. In
the tuner version, the audio output stage, (12A6), is not used and therefore no sub-
stitution is required. However, this socket affords tie points for connection of the
6Eb tuning-eye assembly. The leads are run through the center hole of the socket
with the connections made underneath the chassis.

If the audio amplifier is added to the chassis as mentioned in section (i), a
6Y6 output tube is substituted for the former 12A6. The heaters of the 6E5 are
merely paralleled at some convenient point in the heater circuit.
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(c) AVC Circuit Modification:

In the original circuit, the AVC voltage was derived from the diode action of the
second IF amplifier grid. For better performance this is changed as shown in Fig.
6 using the second diode plate of the 6SR7. This change requires removing R-11
from the grid circuit of the second IF amplifier and connecting the AVC lead to the
AVC bus at the junetion of C-15A.

The tuning indicator (6E5) is operated from the AVC voltage in the conventional
manner as shown in Fig. 6.

(d) Audio Section:

The audio modification as shown in Fig. 7 incl.udes the conventional volume
control in the grid circuit of the 6SR?. The audio output from the triode section of
the 6SR? is brought out through the rear of the chassis with about 30 inches of
shielded microphone cable. A standard microphone cable connector provides a good
shielded connection to the amplifier used. The circuit components shown in Fig. 6
give audio response from approximately 30 to 10,000 cps.

(e) Power Connections:

Power connections for the tuner (6 volts and plate voltage) arebroughtouton the
rear end of the chassis through a conventional soeket. Unless a specific plug is re-
quired, the ordinary octal tube socket can be used in the former position of the J-3
plug. At this plug the '8" minus lead is grounded to the chassis as well as to one
side of the heater supply. voltage. It should be noted that these grounded connections
must correspond to thosb of the power supply and amplifier used. A grounded
center tap on the heater tnansformer at the power supply carmot be used unless the
tuner heater circuit is rewired with an ungrounded system. If the heater supply is
center-tapped, generally the center tap can be lifted and one side of the 6-volt cir-
cuit grounded instead.
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(f ) Adjustments for Operation:

After the converted tuner is operable, IF alignment and coupling adjustments
should be made to obtain the broad band-pass necessary for high-fidelity reception.
This phase of the conversion is the key feature for high-fidelity performance. The
higher audio frequency response is primarily determined by the band-pass of the
IF amplifier which in this case should approach 20 kc.

The best IF amplifier alignment can be obtained only by the scope and wobbula-
tor method where adjustment can be made with a visual pattern of the IF amplifier
response. Most of the larger radio service shops have this type of equipment.

This method of alignment results in a symmetrical waveform as produced by
the three tuned stages and the proper coupling adjustments.

The proper coupling adjustment for the IF transformers will be obtained with
the plungers approximately half-way in. These plungers are exposed for adjust-
ment at the tops of the IF cans when the plastic caps are removed. Maximum coup-
ling, which allows maximum band pass, occurs when the plungers are in; minimum
coupling, or narrow band pass, is obtained by pulling the plungers out.

It should be noted here that high selectivity (sharp tuning) can be obtained,
sacrificing the high frequency response, by using minimum coupling. Sharper re-
sponse often becomes desirable when two stations are so close to each other that
they interfere with normal or broad-band reception.

Even though maximum coupling gives a band width of approximately 25 kc. it
also gives a very pronounced undesirable dip as shown in Fig. 9. This double-peak
effect becomes quite obvious when tuning the receiver.

After the IF alignment and coupling adjustments are made the waveform of the
IF amplifier response wiII be that shown in Fig. 9. Over-all frequency response of
the tuner will be that shown in Fig. 10.

(g) RF Alignment Procedure:

Should it be necessary to touch up the RF alignment, which generally is not re-
quiredif the dial calibration is reasonably accurate, the procedure in Fig. 2 should
be followed.

(h) Mechanical Modifications and Layout:

Even though there are many possible versions adaptable to the 8C946 receiver,
the following two tuning dial and panel arrangements have proven very satisfactory.
These modifications are intended, where it is desired, to dress up the appearance of
the tuner or its receiver version for home use.

The first version, as shown in Fig. 3a, utilizes the existing gear reduction mech-
anism with a centered knob assembly. The knob shaft is belt driven, with a step-up
ratio to the former control shaft. This shaft carries a small flywheel in addition to
the pulley which results in a pleasant smooth tuning action. The flywheel and driven
pulley shaft utilize the tuning-knob assemblies that are available for the surplus
SCR-274 series transmitters and receivers.

Other controls are brought out symmetrically onthe panel by means of extended
shafts as shown in Fig. 3a.

The second version for the tuning and panel arrangement uses the conventional
type slide-rule diat (180 degrees rotation) mounted directly to the tuning condenser
I/4-inch shaft. This arrangement eliminates the former gear cirive sincethe driven

condenser gear, onthe condenser shaft,  is replaced with the ordinary 1/4-inch shaft

sgrrpling or extension.
To remove the condenser driven gear (split type), it is necessary to remove the

condenser shield covers and the triangular plate on the right end of the variable
tuning condenser. If an ordinary 1/4-inch shaft extension is used, the triangular
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plate can be replaced and used for additional shaft support. This approach is shown
in Fig. 3b.

(i) Complete High-Fidelity System from the BC-9468:

Since the chassis of the BC-946 receiver affords sufficient space for additional
components, the additional components to make up a complete radio receiver can be

successfully added.
The first version utilizes a power supply mounted in the former dynamotor

space, as shown in the photographs. The output stage consists of a 6V6 which oc-
cupies the former 12A6 socket. Due to the lack of space and to avoid inductive hum
pick-up from the power transformer, the output transformer is mounted on the
speaker frame or cabinet.

This version, in Fig. 7, using the single-ended 6V6 is capable of delivering 4

watts at Iess than 67o distortion. At normal listening level (approximately I watt)

the percentage distortion is negligible for all practical purposes. With application
of inverse feedback, distortion can be reduced.

The second version for the high-fidelity radio and amplifier incorporates the
audio ampliiier on the BC-946B chassis but uses the power supply as a separate
unit. The amplifier section utilizes push-pull 6V6rs operating AB1 and is capableof
delivering 10 watts at less than 3.57o distortion when used with the recommended
power supply.

It will be noted from the schematic diagram, Fig. 8, that the amplifier section
uses the floating-paraphase form of inversion and a small amount of inverse feed-
back. This deJign aCcounts for better performance from the 6V6's. DuaI tone

controls (bass and treble) are used to give high or low end boost or attenuation. A
phono input also is incorporated.

(j ) Speaker Cabinet:

The reflex-type speaker cabinet as shown in Fig.4, for use with a l2-inch
speaker, provides exceptional performance. This type of cabinet acts as a resonant

cavity toward the lower frequencies and improves the over-all listening response.I
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For Wiring Diagram (fig' S) see pages 8-9.
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By the wobbulator-scope method of IF
alignment and coupling adjustment,
similar scope patterns can be obtained
as shown here. This response is in-
dicative of the audio response of the
funer assuming a flat response of the
audio system lor the frequency range
in question.

The low frequency droop in the
over-all response (modulated RF signal)
as shown in fig. 4, is due to the audio
characteristic of the system used.
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CONVERTED
ENDED

BC.946B WITH SINGLE
AUDIO SECTION

CONVERTED BC-9468 WITH PUSH-PULL
AUDIO SECTION
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BC-375 TRANSMITTER

One of the most widely known and widely available units oI surplus transmitting
equipment is the BG3?5. Due tothe relatively poor frequency stability of the trans-
mitter, few amateurs have had the temerity to attempt to operate the transmitter as
it originally was designed. By far the majority have disassembled both the trans-
mitter proper and the tuning units for the wealth of usable components which they
contain.

However, this section describes a relat ively simple and quite practical conver-
sion procedure by which the transmitter may be operated substantially intact and
still meet the FCC requirements for transmitted frequencystability of signals on the
amateur bands. The conversion procedure consists essential ly of two steps: (1)
The construction of two power supplies, 24 volts d.c. at 7.5 amperes and 1000 volts
at 300 ma., either of which is universal inits application so that it may be used with
any item of equipment in addition to serving as a portion of the BC-3?5 transmitter
system. And (2), the modification of the tuning units so that an external v.f.o. may
be used to excite the original oscillator of the MOPA transmitter so that this stage
operates as a bufler amplifier or as a frequency doubler.

(a) Descript ion of the BC-3?5 Transmitter:

The BC-3?5 transmitter original ly was designed for and used in larger mil i tary
aircraft. It is capable of delivering 45 to 100 watts output over a wide frequency
range into an antenna system such as could be installed on an aircraft. The r-f cir-
cuit  uses a 211 (VT-4C) as master osci l lator and another 211 as power ampli f ier.
The audio system uses a 210 speech ampli f ier or tone generator and a pair of 211
tubes in push-pull as modulators.

The transmitter is provided with a quite flexible antenna-Ioading circuit. The
output may be coupled into a single straight wire of any reasonable length.

Power requirements for the BC-3?5 are 24/28 volts DC at approximately 600
watts for CW operation and about 850 watts for phone. Plate voltage is obtained
from the PE-?3 28-volt dynamotor which requires approximately 20 amperes under
normal operating conditions. Its high voltage output is 1000 volts at 500 ma.
Physical ly identical with the BC-191, the dimensions of the BC-375 are 20" high x
22" wide x 8" deep.

The complete equipment, with the BC-3?5 as the primary component, is as fol-
lows:

Transmi t te r  .BC-375
Tun ing  Un i ts .  .TU-5B (1500-3000 kc . ) ,  TU-6B (3-4 .5  Mc. ) ,

T U - ? B  ( 4 . 5 - 6 . 2  M c . ) ,  T U - 8 8  ( 6 . 2 - ? . ?  M c . ) ,
T U - 1 0 8  ( 1 0 - 1 2 . 5  M c . )

Antenna Tuning Unit.  .  .  .BC-306
Dynamotor. .PE-?3
Carbon Microphone .T-1?, etc.

The signif icant dif ference between the BC-191 and the BC-3?5is thatthe former
operates from 12-volt source for its filament and relay circuits. In the DC version
(component of the SCR-1??), the transmitter plate power was derived from a 12-volt
dynamotor, while in the AC version (component of the SCR-188) al l  transmitter
power requirements were derived from AC power unit RA-34. This power unit, de-
signed to operate from 105-125 volts or 210-250 volts, 50,/60 cycles, furnishes f i la-
ment, mike, and plate voltages for the 12-volt transmitter. The dimensions of the
RA-34 are l3-7/8" x Lz-I l /L6" with i ts weight being 140 pounds.

(b) Power Supply Equipment:

?3



I f  one is not a proud possessor of an RA-34 power unit ,  two power supplies for
the f i lament and plate requirements of the BC-3?5 must be consiructed. The f i la-
ment power supply must provide 24volts DC at approximately g amperes. The con_
struction of this unit involves more expense than if only AC iransform""" """ u""d,
but is justified for several reasons. First, it is very aitficutt to get at the filameni
circuits to make any changes. Second, direct current must be usedto permit the use
of the antenna relay. Third, a certain amount of AC hum from the iilament tubes
must be tolerated unless special balancing circuits are used with AC f i lament power.

A power supply to meet the requirements is shown in Fig. 2. The selenium
rectifier, with a single section filter, provides sufficiently "rnoJth DC for operation
of the filament and relay circuits.

, _ - The high-voltage plate supply must deliver approximately 1000 volts at about
300 ma. The circuit shown in Fig. 3 for the high voltage supply has proven to be
satisfactory. As previorrsly mentioned, this suppiy is of conve-ntional design so that
it may be used with other equipment. Power eonnections to the transmitter are
made at the plug connections as also shown in Fig. 3.

(d) Modification for VFO Excitation:

The two power supplies described above will operate the transmitter as it was
originally used in the military service. However, the instability of the master oscil-
t1t!o_r i9 considerably outside the limits for amateur operation as specified by the
FCC. This situation maybe correctedby moditying the oiiginal master oscillator to
function as a neutralized buffer amplifier stage driven b'y an external vFo. Any
VFO with sufficient power output and the proper frequency range will be satisfacto-
ry. However, the surplus scR-2?4N transmitter, when conveited, serves the pur_
pose very well.* The output frequency of the vFo must be 3.b ivlc. for 3.b ana ?
Mc., and ? Mc. for ? and 14 Mc. transmitter operation. The Bc-4bg (? to 9.1 Mc.)
when used as the vFo permits both 40 and 20 meter operation. For 20 meter oper_
ation, the original master oscillator stage functions as a doubler. Although this
stage is quite inefficient when operating as a doubler, satisfactory operationian be
obtained by supplying adequate drive from the VFO.

If the BC-696 transmitter (converted) is used for the vFo, g0 and 40 meter op-
eration of the transmitter can be obtained. It should be noted that frequen"y *,rlti-
plication greater than two in the converted master oscillator stage is unsatisfaetory
due to low efficiency.

To modify the original master oscillator for operation as a neutralized buffer
amplifier stage or as a doubler, it is necessary to construct a tuned grid circuit for
the VT-4C (211) stage. This circuit  consists of a tank which may be tuned either to
the 80 or 40 meter bands. It is link coupled as shown in Fig. i to a coaxial con_
nector mounted on the side of the transmitter.

Tfe tuned circuit is mounted on the main frame of the transmitter and should
be located as near to the tube as is possible. It should be placed just behind the
front panel with its tuning and switch controls brought out through the panel. The
circuit and the components required are shown in Fis. 4.

(e) Conversion of the Tuning Units:

Modification of the tuning units primarily involves changing the original oscil-
Iator circuit to a neutralized amplifier or doubler circuit. aOJitionat modification
ol the excitation and neutralization taps for the PA also are suggested for increas-
ing excitation to the PA. The tuning units described provide 

-gb, 
ao and 20 meter

operation with sufficient excitation to the final to realize an RF output of approxi-
mately 100 watts.

* "Surplus 
Radio Conversion Manual". Volume I
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t a



Tuning Unit TU-6B (3-4.5 Mc.):

This tuning unit requires only minor changes to permit straight-through opera-

tion from the 80-meter VFO. An added 50 uufd. variable transmitting-type conden-

ser is used at the cold end of the buffer tank for neutralizing as shown in the con-

verted TU-6B schematic diagram, Fig. 5. The condenser is mounted in the buffer

compartment (originally oscillator compartment) with its screwdriver. adjustment

acce^ssible through the rear panel of the tuning-unit chassis. Stand-off's should be

used for mounting the condenser.
For increased excitation to the PA, the excitation tap is moved to the "hot" end

of the coil while the neutralizing tap relocated at the bottom or "cold" end. Switching

o{ positions for these two taps should be obvious from the "before and after' dia-

grams, Fig. 5.

Tuning Unit TU-88 (6200-??00 kc., 40 Meters):

This unit may use the buffer stage as a straight through amplifier oI as a

doubler, depending on the vFo source. output is for 40-meter operation.

The same operations for modif icat ion are required as in the case of the TU-6B

il excitation is lo be supplied on ? Mc. Considerably less capacitance is required

for the added neutralizing condenser, thus permitting the use of a 25 uufd. variable.

Similarly, the control shaft is extended through the rear of the unit for screwdriver

adjustment. The neutralizing condenser is added to the TU-88 in the same circuit

po"ition as shown for TU-6B in Fig. 5 if excitation will be supplied on 7 Mc. to the

unit. Fig. 6 shows the proper circuit connections for the TU-88 rvhen the first 211

tube is to be operated as a doubler from 3.5 Mc. with ? Mc. output. Note that it is

not necessary io install a neutralizing condenser when this stage is to be operated

as a doubler. I t  is necessary, however, to remove the osci l lator feedbackcondenser

from inside the tuning unit, as shown in Fig. 6. The excitation and neutralizing

leads to the PA should be interchanged as described for the TU-6B to provide

greater drive for the PA.
If the neutralized buffer amplifier stage is to function as a doubler, neutraliza-

tion for this stage is not necessary. However, to improve its doubling efficiency'

the grid bias foithe stage is increased. This is accomplished by insert ing a ?5K

ohm resistor in the grid bias lead as shown in Fig. 6. Even though this operation

materially improves the doubling efficiency, considerably more drive from the VFO

is required for doubling than for straight-through operation.

Tun ing  Un i t  TU-10B (10-12.5  Mc. ,  20  Meters ) :

For 14-Mc. operation, with excitation from the vFo on ? Mc., the buffer ampli-

fier must function as a doubler. As mentioned previously, this stage is not efficient

as a doubler. To compensate for the inefficiency, added drive from the VFO is re-

quired as well as incrlased bias for the stage. The additional bias is obtained by

i sertion of the 100K resistor in the grid-bias lead as shown in the schematic dia-

gram, Fig. 7.- 
As m-entioned above, neutralization is not required for the buffer stage when it

functions as a doubler, ihus eliminating the need for the neutralizing condenser re-

quired for straight-through operation. The PA excitation and neutralization taps

ire interchanged for increased excitation as with the other tuning units.

one more operation is required to bring the tuning unit into the 14-Mc. range.

This involves shorting out one turn at the cold end of both the buffer amplifier and
pA tank coils. The shorting can be accomplished by flowing solder across the two

end turns in both cases. One point that should be mentioned is that the taps on the

buffer coil must remain an equidistant number of turns from the center-tap connec-

tion.

't5
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(f ) Modifications for the Modulator:

The existing modulator is incapable of full modulation of 100 watts output from
the PA. This is due to insufficient drive from the carbon mike and the 210 audio
amplifier.

since a pair of push-pull 211's are capable of much more audio than really
necessary, increased drive will solve the problem. This may be accomplished by
inserting an additional audio stage between the mike and the 210 stage. For con-
venience, the added tube may be coupled to the 210 through the existing mike trans-
former, with a plate to 200-ohm transformer used to match the plate of the added
tube to the existing mike input.

A more refined solution to the audio amplification problem would be to con-
struct a new preamplifier and driver to replace the 210 stage. The driver trans-
former to the modulator grids has several taps ranging from 150 to 4000 ohms,
thus allowing flexibility in the choice of the output stage of the audio amplifier
driver.

Higher bias is required for increased output from the class B 211 modulator.
Fixed bias is preferred and can be obtained from a 75 bolt B battery. It should be
noted that the modulation can be increased materially without the addition of fixed
bias. However, it is suggested that fixed bias be added since modulator bias was
obtained from the PA grid leak resistor in the original circuit. Hencethe modulator
bias fluctuates with the PA grid current.

(g) Operation:

Operation of the BC-3?5 transmitter on amateur frequencies does not require
the BC-306 antenna tuning unit. Various feeding circuits may be selected by the
antenna circuit controls. The BC-3?5 output circuit is not readily adaptable to
feeding a balanced load, although satisfactory results often may be obtained.

Antenna loading can be roughly determined by the RF ammeter located in the
upper part of the antenna tuning section. During initial tests and tuning, reduced
voltage should be used so as to avoid damage to the tubes. The original calibration
charts will not be correct for the new tuning unit circuits. Therefore the dials
should be recalibrated with a reliable frequency meter.

? 8
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The Bendix TA-128 transmitter comprises a remotely controlled, four-charurel.

40-watt output, master oscillator type transmitter. The four-channels provide tele-
phone, cw, or MCW operation in the frequency ranges of 300-600 kc. and 8000 to
?000 kc. The TA-12c covers the range 300-600 ke. and 3000-12,000 kc.; otherwise
the two are identical.

The transmitter is one of the most attractive to appear on the surplus market
and is ideal for the amateur in need of a desk-sized transmitter to cover several of
the amateur bands.

The unit is quite light, weighing only about 35 lbs, and in physical size is tl-L/B
inches wide, 10-1/4 inches high and 6-3/4 inches deep.

The equipment was designed to be operated from a primary power unit consist-
ing of a DC dynamotor requiring 24 volts at 14.8 amperes. The modulator is part of
the power unit chassis. However, the power supply (Mp-288) is usually not avail-
able.

Each of the four channelshas i ts own osci l latorand each uses a type 12SK? tube.
The IPA stage consists of an 80?, while the PA is composed of (2) s0? tubes in par-
al lel .  The modulator (part of MP-28B), is composed of two ampli f iers, a 6N? anda
6F6 driving a pair of 80?'s in PP.

(a) Fi lament Conversion:

The tubes in the transmitter proper are wired originally for operation from 24
volts and are in series-paral lel.  The f irst step in the conversion is to rewire these
for 6.3-volt  operation by placing al l  tubes in paral lel.  This can be accomplished
quite easily be referring to the "before and after' diagrams given in Fig. 1. Note
that since the 12SK7 type tubes have 12 volt filaments, it will be necessary to re-
place them with 6SK?s. If desired, the entire tube line up may be wired for 12-volt
filament operation and the 12SK?'s will not have to be replaced. But in this article
6.3-volt  operation is assumed.

(b) Elimination of Keying Relay K101 and Substitute Circuits:

Relay K101 acted as an antenna change-over relay and switched plate voltage to
the osc. and doubler in addition to other functions. As this relay operated from 24
volts DC, it must be removed and the circuit modified.

This procedure is as follows: CIip all wires to K101 and remove it from the
transmitter. AII of these wires may be taped up or removed, with the following
exceptions: The lead from terminal 10, which is the plate voltage lead for the osc.
and doubler, should be jumpered to the wire on the relay contact to which it would
normally make contact when the relay operated. This will enable application of
plate voltage directly to the osc. and doubler. In addition, the lead from the antenna
terminal through meter M101 should be jumpered in place of the normal relay con-
tacts. This lead will now run directly from the antenna terminal through M101 and
to the swinger of s102F. (s102G is no longer used asit  merely appl ied voltage toan
external antenna loading coil relay when the transmitter was set on the low-fre-
quency channel, number 1.) See Fig. 2.

(c) AC Power Supply and Modulator to Replace Original Unit:

As the fundamental power source was a 24-volt DC supply, it will be necessary
to build an equivalent AC power supply to furnish voltages for all filaments and f6r
the tube plates. This will have to be constructed on an external chassis. A modula-



tor capable of l00percent modulat ionis also bui l t  on the same chassis as the power

supply. These two units may be wiredin accordance with Fig. 3. Pay special atten-
tion to the terminal connection numbers as these will coincide with those at the
transmitter.

(d) Metering Information and Keying Data:

M101 on the front panel indicates antenna current at the transmitter output ter-
minal. The two jacks J102 and J103 provide meter connections for measuring
cathode currents of the doubler and PA tubes. J103 may also be used to key the
transmitter for CW use as it opens the cathode circuit of the PA.

A 22.5-volt  battery is placed in series with terminal 14 along with an added
metering jack to register PA grid current. See Fig. 2.

(e) Operating Data:

After connecting the power supply/modulator unitto the transmitter as shownon
the diagrams, set the OSC TUNING dial for each channel to the reading correspond-
ing to the desired frequency. The frequency calibration curves.Figures 4 and 5 will
pelmit setting the frequencyto approximatelyplus or minus .\Vo. A frequency check

should be made with an external frequency meter for greater accuracy.
The fotlowing tabulation shows the frequency coverage of each channel:

Channel
1
2
3
4

TA.12B
300-600 kc.
3000-4800
4000-6400
43?0-?000

TA-12C
300-600 kc.
3000-4800
4800-7680
?680-12000

The switch (S2) of the power unit should be thrown to the off position, and AC

applied to the power unit by elosing switches 51 and S5. After a minute oI so warm

up-period, 52 should be thrown on, applying plate voltage to the tubes. (Note: when

using CW, switch 53 should be closed, shorting the secondary of the modulation

transformer to prevent damage to the transformer. For phone, of course, it should

be left  open.)

(1) Rotate the output TUNING dial of the desired channel as far as possible in a

CCW direction, thus placing the entire load coil in the circuit. Set the antenna ca-
pacitor switches (5104, 105 and 106) to the OUT position. These switches al'e on

the same mounting board as the Channel 1 loading switches. (2) Set the plate

capacitor switches (S109, 108, 10?) to the OUT posit ion. These are accessible when

the transmitter is removed from its case. Set the output loading coil of the desired

charurel to 50, which corresponds to maximum capacitance. (3) Connect an antenna

to the antenna terminal (115 feet of straight wire will work very well.) (4) Set the

channel selector to the desired number and close the telegraph key, which can be
plugged into ]103. Rotate the channel loading dial from 50 to 0 observing the PA
plate current. (A meter will have to be placed in series with the key to observe

this.) Rotate the channel TUNING control and channel LOADING control untila dip

in PA plate current is noticed. A setting should be found which will give a dip in

plate current to approximately 180 ma. To obtain proper loading it may be neces-

iary to connect the fixed plate capacitor in parallel with the variable by means of

the switch (5109, 108, 10?) on the rear plate of the coi l  and capacitor assembly'

It may also be necessary to connect the anterura series capacitor in the circuit by

means of 5104, 105 or 106. The antenna current as indicated by M101 should pass

through a peak at approximately the same tuning point that gives minimum plate

current. It is possible to tune to a harmonic of the desired frequency, so a wave-
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meter should be used at all times as a check on the output frequency.

(f) General Notes:

The test key on the front panel may be wired in series with J103 if desired and
used for tuning purposes, allowing a meter to be plugged into J103.

It may be advisable to insert an r-f choke in series with the B plus lead to the
transmitter final tank coil. This lead should be by-passed to ground.

Schematic circuit diagrams of the transmitter and original power supply unit
are given in Figs. 6 and ?,

With this conversion it will not be possible to make use of the remote control
unit, due to the lack of 24 volts DC for operation of the control motors.
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TA-128 Transmitter

TA-12B Bottom View After Conversion

FIG. 8
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CONVERTING THE AN/ART-13 OR (ATC) AIRCRAFT TRANSMITTER

The Coll ins ART-13 Autotune Transmitter and i ts Naval counterpart,  rhe ATC,
were designed for use in the larger types of Army and Navy aircraft.  They are now
available on the surplus market in limited quantity.

This unit  is truly the answer to the desire for a beauti ful ly versati le r ig cover-
ing al l  the amateur bands between 2000 and 18,100 kc. By simple conversion the
lO-meter band may be added. Provision is made in the design for addit ion of a
unit to cover the range of 200 to 1500 kc. But, as this range is useless for amateur
operation, the space al lowed for this section may be used for the addit ion of a 10-
meter stage.

Phone or CW may be used with about 200 watts input to the final. Monitoring
circuits are bui l t  into the set for both. CW speeds up to 25 WPM are possi.ble.
However, i f  higher keying speeds are desired i t  is suggested that block-grid keying
of the f inal ampli f ier be used.

Probably the most noted characterist ic of this transmitter isthe autotune mech-
anism which al lows selection of any one of 11 preselected frequencies, pre-tuned
and ready to operate approximately 30 seconds after the selector dial is set to the
channel desired. This mechanism may also be set into operation from a remote
posit ion by means of a separate control box, al lowing the transmitter to be instal led
in a basement or garage and yet operated from within the house. In addit ion, a fre-
quency-merer type VFO is incorporated. A crystal cal ibrator is included to check
the calibraiion of the VFO.

The transmitter is only sl ightly larger than the standard communications re-
ceiver and weighs just ?0 lbs. I t  is of rugged construction and looks well  enough
to be placed in the most part icular ham shacks. I t  is housed in a black wrinkied
aluminum cabinet 23-5/8 inches wide by 16 inches deep and Ll-3/8 inches high.
Provision is made for use with a shock-mount base.

The tube complement is as fol lows:

1 - B37 electron coupled osci l lator
1 - 1625 (12 volt  B0?) doubler, tr ipler or quadrupler, depending upon frequency

des i rec
1  -  1625 t r ip le r
1 - 813 power ampli f ier
1 - 12SJ? speech ampli f ier
1 - 6V6 driver
2 - 811 modulators
1 - 6VO sidetone audio amplifier

L/2 - l2SL7 -GT cal ibrat ion-crystal osci l lator
l/2 - t2SL7-GT frequency tripler
l /2 - l2SL7-GT cal ibrat ion detector
l /2 - l2SL7-GT tone osci l lator

1 - 12SA7 mixer ( in frequency divider)

(a) AC Power Supply for the Equipment:

The main problemin convert ing this transmitter isin constructing a power sup-
ply so that the equipment may be operated from the standard 115-volt a-c l ine. In
fact, i f  operation on the 28 Mc. band is not required, the construction of the power
supply is al l  that is required before placing the transmitter on the air.  On the basis
of the conversion of a number of these excel lent transmitters i t  has been concluded
that the most satisfactory method ol constructing the power supply is that method
which requires no modif icat ion or extensive disassembly of the transmitter.

To meetthe above requirementit  is necessary that the power supply furnish the
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following voltages and currents:

2? volts d.c. at 10 amperes
400 volts d.c. at 225 ma,

1250 volts d.c. at 250 ma.

The 2?-volt d-c power supply lights all filaments and heaters and the pilot lamp,
powers all relays, and operates the autotune mechanism. The 400-volt power supply
runs the v.f.o., exciter, crystal calibrator, speech amplifier, and in addition supplies
screen voltage to the 813 f inal ampli f ier. The 1250-volt power supplyprovides plate
voltage for the 813 when operating on c.w., and in addition supplies plate voltage to
the 811 modulators when operating on phone.

Figure 1 shows a complete power supply forthe transmitter. A bridge selenium
recti f ier is used for the 2?-volt  supply, while mercury-vapor rect i f iers are used
for each of the other power supplies. Choke-input filters are used in all three of the
power supplies. The 12.5-ohm resistor in series with the negative return for the
high-voltage power supply will give a full-scale reading of 320 ma. when the meter-
selector switch on the panel of the ART-13 is placed in the "P.A. PLATE" posit ion.
The lead to terminal ? of the ART-13 power plug is not used. This lead was used in
the aircraft installation to turn the equipment on. With this power supply the equip-
ment is placed into operation by closing the main switch in the 115-volt a-c l ine.
Note that a separate switch has been provided for turning offthe high-voltage supply
when tuning the transmitter or checking frequency; the low-voltage system operates
normally with this switch turned off, but no high voltage is applied to the 813 or to
the 811's. Always be sure that the "CALIBRATE-TUNE-oPERATE" switch on the
transmitter is in either the "CALIBRATE" or the "TUNE" position when tuning or
calibrating the transmitter. If this is not done, damage to the screen of the 813 may
occur as a result of excessive screen dissipation. With the power supply circuit  as
shown, the plate-voltage supplies wiII be in operation at all times when the "VOICE-

CW-MCW" switch is in either the "CW'or "MCW" posit ion, althoughthe "MCW" posi-
tion of course will not be used. For this reason 52 has been included to provide for
control of the application of plate voltages to the transmitter from the operating po-
sition.

(b) Adding the 10-Meter Mult ipl ier:

The upper frequency l imit of the ART-13 transmitter is 18.1 Mc. Hence the in-
clusion of an additional multiplier is necessary if operation on the 28-Mc. band is
desired. This multiplier may be mounted in the space in front of the 813 tube which
was provided for the low-frequency osci l lator. A metal shelf or subchassis is in-
stal led in this space. A power plug which carr ies al l  necessary voltages for the
added stage is already provided in the compartment. A 1625 tube is used for the
added stage since its filament may be connected to the power plug after the 28-ohm
resistor is removed from the circuit .  This resistor was provided to give the same
drop as the 1625 tube for which it substitutes when the low-frequency oscillator is
not used. The circuit  of the stage is given in Fig. 3. A variable condenser across
the plate coil of the 1625 may not be required. Tuning is broad and may be accom-
pl ished by decreasing or increasing spacing between the coi l  windings. The stage
may be operated either as a doubler or tripler, but in this particular conversion a
tripler appeared to give much better results. CoiI data for a tripler stage is given
in Fig. 3.

A 1O-meter final tank circuit must also be constructed. The coil is best
mounted on the relay K-105 located just to the left  of the new l0-meter compart-
ment as viewed from the front panel. This relay, K105, originally switched the
813 plate to an external loading coil for low-frequency operation. The 10-meter
tank circuit is merely hooked between the relay output contact and ground. Coil
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data is given on the lO-meter circuit  diagram Fig. 3. In these units i t  is advisable
to remove the low frequency RF choke L-109, and move C-128 (.002) into the for-
mer posit ion of L-109. The high-voltage lead is then connected to one side of C-128
and to the bottom of the high-frequency choke, L-108. The other side of C-128 is
grounded. The 10-meter antenna connection can now be made to the external Ioad-
coi l  terminal i f  a lead is run from the load corr terminal to a tap on the lO-meter
tank.

To switch from l0-meter (t lerat ion to any one of the other frequencies, two
methods may be used, The lirst method allows fully automatic operation and uses
a double pole, double throw relay mounted on the panel in the bottom of the trans-
mitter near the grid of the 813. Activation of this relay is accomplished by the
same current source which supplies the external antenna change-over relay. The
second method involves the use of a four-pole double-throw switch mounted nearthe
grid of the 813 and wired according to Fig. 3. Both methods merely break the lead
from the mult ipl ier stage plate to the 813 grid and connect either the l0-meter
mult ipl ier section or the normal HF osci l lator to the 813.

For 10-meter tuning, the transmitter controls "A" and "8" are tuned in the nor-
mal fashion to l /3 of the required 1O-meter frequency. Controls "D" and "E" are
not important but control "C" should be placed on posit ion ? to close the internal
switch in series with the key and to short out the HF pi-network coi l .

After switching to 1O-meter operation, turn on the transmitter and tune the
tr ipler for a maximum reading of 813 grid current with the meter switch in the
"Tune" position and the emission switch in the CW position, The 813 tank is then
tuned for minimum plate current.

(c) Autotune Mechanism:

To tune manually, the locking bars are left tight and the channel switch turned
to "Manual". After the mechanism has stopped, the knobs are set as stated in the
calibration book and the transmitter is tuned normally.

To preset a channel, turn the channel switch to the number desired, When the
mechanism stops, the locking bars are loosened and the transmittertuned normally.
The knob positions are noted and turned CCW l/4 turn and then returned to the po-
sition noted. The bars are locked while holding the knobs in position. This channel
is now preset the another can be set up,

(d) Calibration Instructions:

The internal crystal-control led cal ibrat ion osci l lator provides an accurate
(within .017o) check point every 100 to 600kc. This is accomplished by zero-beating
the master oscillator with the output of the crystal-controlled calibration oscillator
at the nearest check point given in the cal ibrat ion book. Then the ' 'B" dial pointer is
moved to correct the dial reading at the check frequency. A 200-kc. crystal is used
as the control l ing standard. The "Calibrate-Tune-Operate" switch must be in the
"Calibrate" position during this operation.

(e) Operating Notes:

One feature of this transmitter which may be disturbing is the possibility of
tuning to a harmonic of the desired frequency. The remedy for this is to note the
dial readings when you are positive of the frequency and suspect any great deviation
from these readings at later dates. Meter readings cannot alwaysbe reliedupon and
a simple absorption-type wavemeter will come in very handy when in doubt. AIso,
MCW operation is legal only on the 11-meter band.

(f ) Microphone Data:
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The transmitter is designed for use with a low-resistance (40-ohm) carbon mi-
crophone or a high-output 200-ohm dynamic microphone, neither of which is readi ly
available. A much better arrangement may be had by rewiring the microphone
switch as shown in Fig. 4. R-201, 202,203 and 204 are removed, along with C-201.
If  i t  is desired to use a high-impedance dynamic mike or crystal mike, a speech
amplif ier stage wil l  have to be bui l t  into the space occupied by T-201 and associated
parts. This stage may be a 6Jb used in the conventional manner.*

(g) Cooling:

Due to the unusual compactness, this transmitter will operate quite warm. In
the event that better cool ing is required, the rear plate behind the 813 compartment
may be removed. Alternatively, a small blower or fan can be mounted on the rear
panel of the transmitter.

(h) General Notes:

A time-delay relay may be advantageous in the power supply to prevent plate
voltage from being applied before the tubes have heated up.

It is important to note that when the "Emission" switch is in the "Off" position,
i t  doesnrt remove the power whenthe AC power supply is used. The switches shown
in the power unit diagram must be used.

Two antennas will probably be used and, for all bands except 10 meters, a long
wire 118 feet long and tapped 16 feet from the center will function very nicely. For
10 meters, a dipole or a rotary array may be fed in the conventional manner.

Ful l-scale meter readings on the ART-13 are:

Position:
Battery Voltage
PA Grid
PA Plate

FulI Scale Reading:
54 volts (28 volts in marked position)
1?  ma.
320 ma.

Tuning should always be done in the CW position so that meter readings obtained
will not include the current drawn bv the modulator tubes. Static in the modulator
is about 40 ma.

(i) Schematic Diagram

See center spread, page 68.

+ For information on this added stage, and for other information on the conversion
of the ART-13 transmitter, see "SURPLUS RADIO CONVERSION MANUAL", Volume
m.
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Cort Tueus vs. Fetque NCf BANDI
(cor. DrApteree : CorL Leuorn)
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SIMPLIFIED COIL WINDING DATA

It is frequently necessary to wind new coi ls in the conversion of surplus equip-
ment as well  as in the construction of standard communications i tems. These coi l-
winding charts were devised as an assistance to those persons who occasional ly do
have need to wind a coil of relatively standard dimensions. The curves are ploited
in terms of the major amateur bands and in conjunction withtheresonantcapacitance
which will give a moderate value of Q under average operating eonditions,

The curves of figure 1 and figure 2 are derived in each case for a specified
diameter-to-length ratio. The resonant capacitance quoted includes the stiav cir-
cuit and tube capacitances which exist in the circuit. The eurve "Turns per inch for
common wire sizes" is included as a guide in determining the length which will be
required for a specified number of turns for these wire sizes.
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RADIO EQUIPMENT FOR LIGHT AIRCRAFT
EMPLOYING THE AVT-112A TRANSMITTER

The surplus market has made availabre a radio equipment, appropriately small
and- light weight, that is readily adaptable to light aircrafi installation. Modificationproblems are generally quite simple. The complete radio installation may be made
at a fraction of the cost of similar equipment on the standard market,

As is apparent to persons connected withthe operation and servicingof aircraft,
any installation of radio equipment must be subject to CAA inspection and thence
operated only by personnel properly licensed ty iire fCC.

(a) Descript ion:

The AVT-112A transmitter, specif ical ly designed for l ight-aircraft us.e, pro-
vides reliable radio-telephone and CW transmission over modlrate distances on "nyfrequency within the band of 2500 to 6500 kc. It is a crystal-controlled unit capable
of del ivering 6 to ? watts of RF power to the antenna. ihe Avr-112 is s- i7e' i i rgh,
6-l /4" wide, 4-7/8' '  deep, and welgirs 6 pounds.

The unit operates from a 6, 12 or 24 volt source in conjunction with its associ-
ated plate voltage power supply which is a separate unit in tire installation.

Six tubes are employed in the transmitter as follows:

6V6 Pierce crystal osci l lator
6V6 Power ampli f ier

(2) 6V6's Modulator (push-puII)
6AF6 Dual type, tuning indicator
6SL? Tuning Indicator amplifier

The crystal osci l lator circuit  is of the untuned Pierce type which does not re-
quire tuning adjustment regardless of the crystal frequency uied. For convenience
and quick change of crystals, the crystal holder is lo-cated on the front panel of the
transmitter. The hold-er is designed to accomodate the following types of crystals:
AVA-10, A_VA-53, I \4I-8412, VC-2, and Signal Corps type FT_243I

A single-ended 6v6 stage is used as thepower ampli f ier and is modulated byapair of 6V6's operating push-pul l .  The modulator grids are driven directty by a
carbon microphone through a mike-to-grid transformer. Excitat ion for the micro-
phone is obtained from a tap on the 6v6rs common cathode resistor.

Tuning adjustment of the PA and antenna loading is accomplished by the use of
tfe {t{ electron eye indicator on the front panel. Iti two sectors indicaie the rela-
tive PA cathode current,..antenna current, and modulation level. No other metering
is required for tuning adjustments. However, actual pA plate current may be del
termined from a meter plugged into the jack located on thl back of the transmitter
unit.

In addition to the antenna loading and antenna coupling controls, a loading
selector switch provides the required loading adjustments t*o match most convenl
tional type antennas including the fixed "v" ard the trailing wire type. The ante*a
circuit is also provided with an antenna switching relay which pu"mit" receiver use
with the same antenna.

An intercommunication system which utilizes the modulator as an AF amplifier
is incorporated in the transmitter unit. The intercom system is switched inio op-
eration by the fourth position of the antenna selector swiich. When in this position,
the radio portion of the transmitter is completely disabled. All connections to the
transmitter, with the exception o{ the microphone, are made from the rear of the
unit.
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(b) Adjustment and Operation of the AVT-112:

After installationwith an appropriate power supply,the desiredcrystal installed,
and the microphone plugged in, the transmitter is ready for initial operation adjust-
ments. Approximately 30 seconds warm-up timefor thefilaments should be allowed
before operating.

Tuning adjustments for the AVT-112 falLinto two phases: PA tuning, and loading
the transmitter to the antenna. These adjustments should be done in the following
manner to insure proper operation:

PA Tuning
(1) Set Selector Switch (B) to position 3
(2) Set "Ant. Load." coarse (C) and fine (D) controls to position 1
(3) Set "Ant. Coup." (E) to position "O" (extreme counter-clockwise)
(4) Adjust "PA Tuning" (A) to resonance as indicated by minimum shadow angle

on lower sector of tuning indicator tube, and lock. (If two resonant points
exist, select the lower frequency which will be the fundamental.)

Loading Transmitter to Antenna:

This adjustment should be made while airborne.

(1) Set "Selector Switch" (B) to,
Position 1 (trailing antenna, all frequencies)
Position 2 (fixed antenna, Iow and medium freq.)
Position 3 (fixed antenna, medium and high freq.)

(2a) Adjust length of trailing antennafor maximum shadow width on top sector of
tuning indicator with "Ant. Coup." (E) set at approximately 30 (dial reading).
Readjust both antenna length and "Ant. Coup." for maximum shadow angle on
tuning indicator. Note the following approximate antenna lengths versus
frequency to aid in artenna adjustments:

Frequency
3000
4000
5000
6000

Approx. Total Length
?5 feet

il
D J
4 5  

r l

4 0 '

(2b) For fixed type antenna: set "Ant. Coup." to dial reading of 30, and adjust
"Ant. Load", coarse (C) for maximum shadow angle on upper sector of tuning
indicator. Increase "Ant. Coup." (E) for maximum shadow angle. Recheck
both antenna loading and antenna coupling to obtain widest shadow angle on
indicator.

In event that there are two loading points indicated when adjusting "Ant.

Load." (C), select the point of maximum dial reading which still provides
use of the fine adjustment (D). Proper setting of "Ant. Load." is indicated by
greater antenna current with an increase ofantenna coupling from its origi-
nal sett ing (dial reading, 30).

Upon loading the transmitter, normal increase in PA current, as indicated by the
widening shadowangle onthe lower sectorofthe tuning indicator, should be apparent.
No retuning of the PA is necessary.

When the antenna circuit is properly tuned, any change in the PA tuning rvill re-
sult in a decrease of anteruta current.

Modulation is indicated by variation in shadow angles of both sectors of the tun-
ing indicator. Modulation of 1007o is indicated by the top sector of the tuning in-
dicator when the shadow just reaches minimum width (closes).
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Control positions for the above adjustments should be apparent from the front
photograph of the AVT-112 transmitter unit.

(c) Complete Equipment for Aircraft Installation:

For a complete radio installation, the following described components are neces-
sary with interconnections as shown in Fig. 3:

(1) Radio Transmitter, AVT-112A (described above).

(2) Power Supply Unit:
In addition to the aircraft battery a separate power unit is required to supply

the required plate voltages for the transmitter and receiver. The original
power unit associated with the AVT-112 is the AVA-126. It is of the vibrator
type and capable of supply 320 volts at 110 ma. as required by the AVT-112.
This unit is ?-1,/16" x 7" x 7-5f16" and weighs l0-l/4 pounds. Further data
with the schematic diagram is shown in Fig. 2.

Other types of power supply units utilize the surplus dynamotors which pro-
vide the required power when operated from the necessary battery source. One
such unit used verv satisfactorilv is the BD-8? 12-volt dvnamotor.

(3) Raaio Receiver:
The receiver AVR-20, original ly used with the AVT-112 and associated e-

quipment is not readily usable for civilian aircraft due to its frequency range
(2300 to 6700 kc.),  Even though this receiver can be modif ied, i t  is a major
undertaking and not considered advisable.

Another surplus aircraft type receiver that will satisfy the need is the BC-
1206. It can be used very satisfactorily with only minor modifications.

The BC-1206 receiver covers 200 to 400 kc. and was designed to operate
from 28 volts DC, which in addition to the filament requirements was also the
plate supply.

Modification for 12-volt operation requires reconnecting the filament circuit
as shown in Fig.4 and substituting 6K6rs for the original 25L6's. By utilizing
approximately 90 volts from the dynamotor (through a dropping resistor) this
receiver offers sufficient audio volume for speaker operation, Speaker opera-
tion requires an additional matching transformer from the headphone output to
voice coil, or the direct substitution of a plate to voice coil transformer for the
existing one designed for headphone use only.

It should be noted here that any commercial type of receiver may be used in
conjunction with the AVT-112 providing it operates from the same battery-
voltage source.

(4) Aircraft Battery:
The basic power source for aircraft radio equipment is generally a 12-volt

wet-cell storage battery with a rating approximating 50 ampere-hours. Some-
times 24 volt batteries are used. The battery normally supplies the filament
requirements for both the transmitter and receiver in addition to the associated
relays. The greatest battery load is the plate voltage power unit.

(5) Aircraft Generator:
In order to maintain the charge of the small aircraft type battery, the gener-

ator is neeessary equipment for a satisfactory radio installation. Aircraft not
adaptable for engine-driven generators generally employ the rvind-driven type.
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(6) Aircraft Antenna:
Any conventional type of aircraft antenna, such as the types described above,

may be used with the AVT-112 and its associated receiver-.-

AVT-112A TRANSMITTER
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Tube Compliment & Functions:

6K? - RF Amplifier
65A7 - lst  Det.  & Osc.
6SK? - IF Amplifier
6SQ? - 2nd Det. & lst Audio
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4-L /2"  x7-9 /32"
Weight: 3 lbs & 12 oz.
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A g-WATT UTIL ITY AMPLIFIER FROM THE
AM-26/ ArC INTERPHONE AMpLTFTER

The inexpensive, compact, AM-26/AIC Interphone Ampli f ier which orrqrn.r l lv
served as an inter-communication unit in the larger aircraft,  can be converted inrl
a satisfactory audio ampli f ier. This conversion, which can be made at a I 'ert ' rea-
sonable cost, results in a 9-watt ampli f ier with suff icient gain to operate from the
average crystal phono pick-up. The ampli f ier is capable of driving a 10 or 12 inch
PM speaker.

The AM-26 is physical ly \- l f  2" long x 5-L/4" wide x 5" high. In i ts exist ing
form, this ampli f ier is of Iow gain with the typical 300-ohm input impedance and
30/300 ohm output impedance. I t  is designed to operate from 28 volts, DC, at ap-
proximately 1.25 amperes with the DM-32 dynamotor (component part) supplying the
high voltage (250 volts DC).

The tube complement consists of the following with their respective functions:

(1) 12Jb Voltage Ampli f ier
(1 )  12J5 Phase Inver te r
(2) 12A.6's Push-Pull  Power Ampli l iers (output)

Before modif icat ion of the ampli f ier circuit ,  the fol lowing parts, which are not
used in the converted circuit .  should be removed:

Input transformer 22
Output transformer 23
Connection PIug 28
Dynamotor Plug 2? (dynamotor not used)
Gain Switch 25 and associated circuit
Hash Fi l ter Chokes 26-L and 26-2
Hash F i l te r  Condensers  19-1 .  19-2 .  and 14
Res is to rs  1 ,  2 ,  and 3
Switch 24
Condenser  15

Conversion Procedure:

In order to use the exist ing tubes, the heaters are rewired in paral lel.  This re-
quires a few changes in the exist ing circuit  and the use of both transformer low-
voltage windings (5.0 and 6,3 v.) connected in series as shown in Fig. 2. Polari ty
must be observedin order to obtain addit ive voltage of 11.5 volts. I t  should be noteC
that the recti f ier, 6X5, operates fromthe 6.3-volt  section of the series windingswith
the junction of the two windings grounded to the chassis. The heater circuit  leads
should be twisted where possible in order to minimize hum pick-up.

Alter the previously mentioned components have been removed, the power suppiy
is constructed as shown in Fig. 2. The recti f ier, 6X5, socket is mounted in the
former C-14 posit ion while the power transformer and f i l ter choke are mounted in
the space formerly occupied by the dynamotor, DM-32.

The second section of the f i l ter ut i l izes the exist ing electroly' t ic f i l ter conden-
sers, 18-1 and 1B-2, These are purposely used in the second section due to their
lower voltage rat ing (10 mfd. at 350 volts each).

In order to givethe ampli f ier higher gain, a 12SQ? isused in place ofthe voltage
ampli f ier stage, 12Jb (20-1). This necessitates the new associated circuit  as shown
in Fig. 2. The volume control is located in the grid of the 12SQ7 and replaces the
former input transformer.

With sl ight modif icat ion, the phase inverter is changed to the seif-balancing
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type utilizing the existing resistors, (4?K) 9-1 and 9-2, in the cathode and plate
circuits respectively. It should be noted that these resistors and their associated
coupling condensers, 16-1 and 16-2, are left  intact with the only changes beingthose
pertaining to resistor 9-1 which is connected into the cathode circuit  of the 12J5
(20-2).

In the grid circuit  of the 12A6's, R-11 is removed and the grid resistors 10-1
and 10-2 are connected to ground.

It is most desirable to use a universal type output transformer to match the
speaker voice coi l  to the plates of the 12A6's. Other types of output transformers
may be used as long as the load impedance reflected to the 12A6's is approximately
12,000 ohms.

The tone control, as shown in the plate circuit of the 12SQ?, is optional. It
merely lends more flexibility to the amplifier for average listening use. Other
types of tone-control circuits may be substituted as desired. If the frequency re-
sponse is poor in the high frequency range, the values of condensers 17-1 and 17-2
should be reduced as desired. These values may be approximately .005 or .01 mfd.

It  should be noted that the original feedback circuit ,  condenser 16-3 and R-6 and
R-?, is not used in the new circuit .  R-6 is used as the cathode-bias resistor in the
phase inverter circuit .  The other components may be left  or removed as desired,

The AC circuit is connected on the original terminal board which contained the
former resistors 1, 2, and 3. This board provides neat and convenient t ie points for
the leads concerned. The AC power switch is incorporated on the volume control.

It will be found that the completed amplifier is a neat and compact unit which
has many applications. I t  may be used as a phono ampli f ier, inter-com ampli f ier,
modulator for low-power transmitters, and so forth. This unitis capable of deliver-
ing 9 watts at less than Spercent distort ion; distort ion of coursebecomes negligible
at the normal listening level of approximately one watt.

An alternative circuit is shown in Fig. 3. It will be noted that this amplifier
utilizes the floating paraphase circuit. Also, dual tone controls are used for added
flexibility in controlling the frequency response.
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THE MODEL LM FREQUENCY METER

One very satisfactory item of test equipment that has appeared on the surplus
market is the Navy Model LM Frequency Meter. The unit covers the frequency
range shown in Fig. 1 for different models.

The LM Frequency Meter is very similar in design and operation to the Army
BC-22t,* Similarly, it has many successive models designated by a number suffix
(LM-1, LM-2, etc.).  The general characterist ics of al l  models are identical.  Later
models have minor improvements and changes as indicated inthe comparison chart,
Fig. 1.

(a) Descript ion

The primary component of the LM Frequency Indicating Equi.pment is the heter-
odyne frequency meter (C-?4028, Navy component designation). Physical dimen-
sions of this unit are approximately 8-lf2" x B" x 8-7/2" with its weight being about
ll-l/2 pounds. Other components necessary for operation of the heterodyne fre-
quency meter are the calibration book, Iow impedance headset (600 ohms), and a
power supply capable of supplying the required voltages as listed in the comparison
chart. Complete equipment also includes the frequency meter shock-mounting base,
carrying case, shielded power cable with plugs, instruction books, and operating
spare parts.

Essentially, the electrical circuits of the LM heterodyne frequency meter con-
sist of a crystal cal ibrat ion osci l lator (1000 kc.),  a manualiy-tuned VFO, a high-
gain detector, and an audio-frequency amplifier. By manually switching the circuit
of the audio frequency amplifier, it functions as an audio oscillator which modulates
the VFO.

The 1000-kc. crystal oscillator is used as a reference standard for calibrating
the VFO at a number of points over the tuning range. High stability of the crystal
oscillator is maintained due to special design ofits components. The crystal unit is
hermetically sealed in an evacuated metal envelope, resembling a small metal
vacuum tube with an octal base. Due to this type of construction, the crystal unit is
relatively unaffected by physical variations sueh as barometric pressure, humidity,
vibration, shock or mounting position. The temperature coefficient of the crystal
unit  is less than 0.0001 per cent variat ion in frequency per degree Centigrade over
an ambient temperature range of 80 degrees. Inherent design of the crystal oscil-
lator circuit provides an output rich in harmonics thus providing a number of useful
check points over the entire tuning range of the VFO.

The VFO is an electron coupled, hetrodyne type of oscillator, capable of being
calibrated by the "zero-beat" method at various predetermined points over the two
manually-tuned ranges. Fundamental ranges ofthe VFO are 125 to 250kc., and 2000
to 4000 kc. Employing the calibrated 1st, 2nd,4th and 8th harmonics, the first range
gives continuous coverage from 125 to 2000 kcs; likewise, by the use of the cali-
brated 1st, 2nd, 4th, and part of the 5th harmonics, continuous coverage is obtained
from 2000 to 20,000 kcs. in the second range.

Tuning of the VFO is accomplished by a low-temperature-coefficient, variable
condenser with a 100:1 gear reduction from the external control. This ratio re-
quires 50 revolutions of the vernier dial for 180-degree rotation of the variable
condenser. Backlash in the gear mechanism is held to less than 0.3 of 1 division on
the dial units scale.

The low temperature coefficient of the VFO tuned circuit is maintained by tem-
perature compensated componentsusedin conjunctionwiththe tuning condenser. The
temperature coefficient of the VFO is less than 0.003 per cent of the frequency per
degree Centrigrade over aJI ambient range of 9? degrees for the entire range.

Arrangement of the detector circuit allows the mixing (comparison) of three RF
sources. These are the Crystal Calibration Oscillator (electron coupled), the VFO
output (control grid injection), andthe incoming RF signal from the antenna terminal

* "Surplus Radio Conversion
Manual," Volume I
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COMPARISON BETWEEN MODELS OF THE MODEL LM SERIES
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(also control grid injection). By means of switching, either the crystal oscillator
signal or the incoming signal is manually selected for heterodyning with the Vf0.

The detector output, after being amplified by the AF stage, is brought out
through a jack on the front panel for a 600-ohm load. The audio output is intended
for low-impedance headphonesl however, other indicating devices can be used.

Frequency response of the audio section is intentionally peaked at 250 cps. At
100 cps and 500 cps the response drops approximately 1.5db below the 250 cps ref-
erence.

When the heterodyne oscillator is being used to radiate an RF signal, the signal
can be amplitude modulated with a 500 cps tone by manually switchingthe AFampli-
fier circuit tothe'Modulation On" position. Under this condition the audio amplilier
becomes an audio oscillator capable of modulating the VFO about 40 per cent.

Power requirements for the LM Frequency Meter involve filament supply and
plate supply voltages. By setting the links in the filament circuit, the filaments may
be operated from either 12 or 24 volts. Similarly, links are used for the selection
of the plate voltage range. The settings are: Iow range, 200 to 260 volts; and high
range, 260 to 4?5 volts. Plate and screen voltage for the VFO stage are regulated
by means of neon glow lamps.

It should be noted that the plate circuit can be manually switched ON and OFF
independently from the filament circuit. This permits warming up of the unit or
keeping it in readiness without radiation from the VFO or unwanted output in the
headphones.

(b) Operation:

Before attempting accurate frequency measurements with the LM Frequency
Meter, the heaters should be al lowed a minimum 10-minute warm-up period, In
order to ut i l ize the VFO dial readings (not cal ibrated in frequency), the cal ibrat ion
book which specifically accompanies the instrument must be used. From this book
the calibration point for the VFO may be determined in the raage in which the fre-
quency measurement is desired. The crystal check points for the respective ranges
are indicated at the bottom of each page, printed in red.

After al lowing a suff icient warm-up period, and switching on the plate voltage,
the VFO is careful ly cal ibrated to the designated check point by adjusting the Cor-
rector"dialfor "zero-beat" as head inthe headphones. The Modulat ion switch mustbe
in the "OFF" position for this adjustment,

1 1 7
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Having cal ibrated the VFO, as described above, the frequency meter is ready
for frequency indication. It should be noted that prolonged interval.s between the
VFO calibration and frequency measurement should be avoided to eliminate the pos-
sibility of frequency drift in the VFO.

In measuring the frequency oI a local RF source (transmitter),  i t  is necessary
that a short antenna lead be connected to the frequency meter's antenna post. This
antenna lead should be only loosely coupled to the transmitter output. Over coupling
should be avoided so as not to damage the frequency meter circuits.

Adjustment of the "RF Coupling" control is made for the desired l istening level
in the headphones. By manually tuning the VFO, "zero-beat" is obtained with the
incoming signal as heard in the audio output. The frequency is then determined
from the VFO dial reading by referr ing to the cal ibrat ion book.

It  should be noted that in the reverse procedure from that described above, the
transmitter may be tuned to "zero-beat" with the frequency meter, thus adjustingthe
transmitter to the desired frequency.

In adjusting a receiver to a desired frequency, or checking i ts diat cal ibrat ion,
the VFO of the frequency meter is used to radiate a signal from a short antenna
lead. Loose coupling to the receiver concerned is general ly adequate, After sett ing
the cal ibrated VFO to the desired frequency, the receiver is tuned for zero-beat as
heard at its output. A modulated signal from the frequency meter is required for
receivers not equipped with a beat-frequency osci l lator. Receiver al ignment can be
accomplished by using the frequency meter's modulated VFO as a signal generator
in the conventional manner.

From the above, it is also apparent that frequency measurement of a distant RF
source may be made by "zero-beating" i t  ina receiver with the radiated VFO signal.

(c) Accuracy of Measurements:

In the calibration book, the low frequency fundamental range is logged at each
0.1-kc. point between 125 and 250 kc. Similarly, the high frequency fundamental
range is calibrated at each 1-kc. interval. By use of the interpolation table in the
calibration book, frequencies that fall between the logged frequencies may be deter-
mined.

Accuracy of frequency measurement in reference to the crystal frequency is
better than 0.02 per cent for any frequency within the 125-2000 kc. range, andbetter
than 0.01 per cent for any frequency in the 2000-20,000 kc. range.

A desirable feature included in the exceptionally good design of this unit is the
non-locking-in characterist ic between the heterodyne osci l lator and the RF source
to which it may be coupled. Even though the headphones become rapidly inefficient
in reproducing beat tones below 100 cps, characterist ic audible "rushes", which co-
incide with the beat frequency, are recognizable weII below the low frequency I imit
of audibility.

In some models of the LM Frequency Meter, the crystal osci l lator is provided
with a tr immer capacitor across the crystal.  By this adjustment, the crystal l re-
quency may be calibrated against WWV.

(d) Addition of An AC Power Supply:

The nominal power requirements for the Model LM series Frequency Meter arg
12 volts at 0.6 amperes (f i lament supply) and 250 volts at 20 ma. (plate supply). An
AC power supply tosatisfy these requirements is shown in Fig. 4. I t  should be noted
that for portable use the frequency meter may be powered with batteries without any
alteration of the power circuits. Socket connections can be determined from the
schematic diagram, Fig. 3.

Details for adapting the LM Frequency Meter for the added AC power supply are
given in Fig. 4, If a mating plug for I-102 is not available, the plug can be removed
with the necessary leads to the power unit being brought out through the hole for-
merly occupied by J-102.
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SURPLUS BEAM ROTATING MECHANISMS

The surplus market has brought several economical means for rotating beam
antennas within the reach of the average amateur. This section covers the conver-
sion necessary to adapt several surplus mechanisms for this purpose.

Signal Corps Antenna Reel:

one of the less expensive devices to appear is the signal corps Antenna Reel
RL-42B. I t  consists of a 24-volt  reversible motor (8500 RpM) attached to a re-
duction gear box which drops the speed to 120 RPM with considerable torque. I t
will rotate, directly, small beams, or can be used to turn a gun mount unit (de-
scribed later) at a still further reduction in speed with resultant increase in torque
to turn the heaviest beams. The Antenna ReeI has an extra take-off gear which can
be used to drive a Selsyn generator for direction indication as this shaft turns at
the same speed as the main shaft.

The motor was intended to operate on 24 volts DC, buti t  wi l l  runon 24volts AC.
One factor exists, however, to make alteration necessary. Inside the motor casing
is a clutch mechanism actuated by a 24-volt DC solenoid. This clutch chatters when
operated on AC. Therefore it must be permanently locked or removed and a suit-
able coupling used to replace it. Two micro switches andabathtubcondenser should
also be removed from the gear box. The following steps will describe these opera-
tions:

First, remove the reel, ifit is snapped on to the gear box shaft, and take out the
8 flat-head screws holding the top cover plate. This allows the top plate to be re-
moved, although it may have to be pried off. The main shaJt and associated gear
will come off with this cover plate. The inspection side plate should be removed
also which will now give access to the gear box interior. The two micro switches
may be easily removed by taking out the two large screws on the side opposite the
motor, allowing a screwdriver to be inserted for removing the long retaining screws.
Clip off the wires to the switches, as the only wires needed are the three from the
motor itself. The bathtub condenser should be clipped out and removed. AII wires
to the plug should be clipped off elose, as the entire length of the motor leads will
be needed.

Remove the four screws holding the motor to the gear box, and then pull off the
motor. Now remove the fibre ring from the motor and take outthe four long screws
of the motor end plate. This will allow the clutch mechanism to be exposed. The
problem from here on is to eliminate the clutch action. This may be accomplished
by two methods: the first is to remove both clutch plates and substitute a metal or
flexible coupling; the second, merely connect the two plates together permanently.

If the substitution of a coupling is desired, proceed as,follows: Push in on the
small gear, insert a hacksaw blade, and cut off that clutch plate. The other plate
can be pried off its shaft after removing the retaining allen screw. (Be very care-
ful not to bend the shafts during this process.)

The solenoid can now be removed by clipping the leads and sliding it off the
shaft with its associated fibre washers and parts. Should a coupling be used to con-
nect the two shafts, it will be necessary to drill out or shim the coupling to take the
shaft ends. Added length of the shaJt on the gear end may be obtained by removing
the spring-type washers under the gear.

The alternate method, joining the clutch plates permanently, can be accom-
plished by drilling two or more holes through the plates and tapping the set of holes
in the plate on the motor side. It will be necessary to drill completely through the
heavy end plate and through the one clutch plate unless the small gear can be re-
moved ald the plate pulled off to work on it. Short 6-32 screws can now be screwed
through the plate on the motor side, allowing about 1/16 inch to extend out and fit
into the holes of the plate on the gear side, acting as pins.
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Before assembling the unit,  i t  wi l lbe necessaryto replace the present electr ical
connection plug with another which can be fitted with a mating section.

The unit may now be assembled and connected for operation. One of the motor
leads (usually black) is common and either one o1 the other leads will give rotation
when connected to 24 volts AC. One lead gives CW rotation, the other CCW rotation.
A transformer will be required to step down the 115 volts AC to approximately 24
volts required.

If a light beam is used, it may be fitted on to the main shaft of the gear box by
various means, depending of course upon the beam support used. I f  a heavier beam
is used, i t  wi l l  be necessary to obtain a surplus gun-mount mechanism to increase
the torque and correspondingly lower the speed of rotat ion. This unit is described
in the following section.

See photos at end of this article for the appearance of the unit. Fig. 1 is a typi-
caI installation.

K? Gun Mount:

Another outstanding surplus item which can be used as a beam rotating device
is the K7 Gun Mount which was originally used by the Armed Services for rotating
maehine guns. This gun consists ofa fairly large gear box aboutthe size of a gallon
paint can, on top oi which is a flat rotating mounting plate. Originally, the unit was
used to rotate a gun in both the horizontal and vertical planes with two flexible
shafts used for controls. Only the horizontal rotation flexible shaft is practicable
for beam rotation. It can be made as long as desirable for remote control.

The unit has an approximate gear ratio of 40:1, that is, the mounting plate will
complete one revolution for 40 revolutions of the flexible shaft.

The flexible shaft can be turned by hand or by some motor drive mechanism
such as the Antenna Reel RL-428, described in the preceeding paragraphs. The
antenna reel has sufficient power to turn the gun mount when eoupled through a
flexible shaft even rvhen a very heavy beam is used. In the installation described,
the gun mount rests on an outside platform with a 4" x 4" pole 20-feet high bolted to
the gun mount plate. A 20-foot flexible shaft extends into the shack and is driven by
the Signal Corps antenna reel, which is wall mounted,

Lubrication is very important in the use of the K? gun mount. Before placing it
in operation, the mounting plate and gear box cover should be removed and the top
gear compartment f i l led with transmission grease (about SAE-90). This wii l  pre-
vent freezing of the gears and rust formation. All other rotating parts should be
well lubricated if the unit is not protected from the weather.

Selsyn Generators Type 2J1F3:

There are many types of Selsyn units available on the surplus market, all up-
erating on the same principle. But most of them are quite expensi ' t 'e. The trpe.
2J1F3is one of the smaller Selsyns and i t  is economical for use as a remot€-inci ica-
tor. These units are about 4-1,/2 inches long and approximately 2-1. '1 inches in
diameter. They wil l  operate from 24 volts AC and thus work very l 'el l  in conjunc-
t ion with the Antenna Reel described previously. A pair of the units is necessarr ' ,
of course, for the indication system. One is geared to the beam itself  and the other
is at the operating posit ion with a compass card attached for indicating 0 to 360 cie-
grees. The only problem involved in the use of the Selsyns is that of obtaining lhe
correet gear rat io at the indicator end, so that the beam and indicator ar€ rotat ing
at the same speed. This is a mechanical problem and wil l  vary $' i th the t1'pe of
beam rotators used; however, some ofthe surplus dial mechanisms as used rn tuning
units and so forth have gear ratios which will work out nicely with the K7 gun mount
and Signal Corps antenna reel. The diagram in Fig. 2 is typical of al l  Selsyn motor
circuits.
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Rotator Motor Type G303Ay2:

Another popular and extremely practical beam rotating device is the Rotator
type G303AY2. This motor was- originally designed and use"d on 400 cycles. How_
ever, by the simple ad.dition_ of a.ohasing co_ndenser, (L2-20 mfd., oil or paper),
the motor will operate directly on 110 volts AC, 60 cycles and provide an economi-
cal and husky beam rotator.

since the motor is of the induction type, no noise is created by brushes or mov_
ing mechanical parts. It is of the reversible type, requiring only 3 wires for opera-
tion. Its weight is 3 lbs. and it is approximately 5" x b" x I" in size. It revolves at
a speed of 3/4 RpM.

The motor will drive satisfactorily most 10 and 20 meter beams, providing they
are oflight construction. For the heavier beams a bearing surface is recommended.
Two-meter, six-meter, television, and FM beams can easily be driven direcly from
the motor shaft.

To place the motor in operation, remove the elastic stop nut and lever arm, re-
move the three screws anf top cover plate, being careful to save the gasket and slip
off the plate containing the two wiper arms (this plate merely sewed as a stop
mechanism and will not be required). In order to remove the wiper arm plate, the
motor will probably have to be connected to 110 volts as per Fi[. 3 and itlowed to
rotate until the wiper arms are in the center position wheie they-can be slipped off.
The gear of the wiper arm assembly can be used on the end of a length-of thin,
walled tubing as a beam support if desired. This is accomplished by using a hack_
saw as per Fig. 4 and cutting out the gear, being careful not to oamage th" g"r"
teeth. The gear can now be pressed into a piece of tubing or other support.

Do not remove the four screws held by safety wires on the eno of ttre motor op-
posite the rotating gea-rs, as the motor and gears are sealed in oil. A drain plugis
provided on the side of the motor case for draining and filling as required.

connect the motor rhrough a condenser and switch a" pe" Fig. 3 and the unit is
ready for operation. It can easily be mounted by means oi ttte fJ,r" tapped holes on
the side.

The photos at the end of this article will give a general idea of the appearance.
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SURPLUS BEAM ROTATING MECHANISMS
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696, 950, t0ó6, 1253
cBY -29125, 50083, 501 41,

52208-1r, 52232, 52302-09
ÍT-2414 (for crystol filter)

SEE TABLE OF CONTENTS ON PAGE 4

For

Amqfeur, Novice, Technieisn
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Cifizen's Rqdio Service
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MBF (COL-430ó5)

MD-7 i  ARC-5

R.9 /APN.4

R23-R28/ARC-s

RAT, RAV

RM-s2 (53)

RT-I9/ARC-4

scR-274N
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Just like Ol' LIan Rioer swphrs equipment keeps rolling along. The
supplv \\'axes and wanes, but never completely dries up. Untold amounts
of equipment are snapped up by 

"surplus 
hounds" only to be replaced by

new, larger amounts of equipment arriving from unknown locations. Surely
there must be some huge, hidden factory turling out tons of surplus
equipment each day which will be sold to hams and others at bargain
prices!

Nfodifying surplus equipment to fit the needs of the Amateur or
Citizen Radio fan is interesting and exciting work. The high quality of
most surplus equipment cannot be matched by commercial equipment
selling at many times the cost of the surplus item. The converted surplus
item can be made a piece of high-grade "ham" equipment at a money
saving price!

However, every silver lining has a cloud. Some pieces of surplus

equipment do not have schematic diagrams. lv{anv items are modified from

the original diagram, making the conversion process akin to a crossword

puzzle. Other items are not worth the time to convert them! The enthusiast
"surplus hound" must choose rvisely and well when he buys, and must be

adept at improvisation and 
"make-do."

Because of the time required to enter into personal correspondence,

and because of the rapid and chaotic changes in the surplus market (and

surplus equipment ) it is impossible for the editors of this Manual to answer

questions relating to conversions of equipment, to requests for schematics,

or for purchasing information. The reader is referred to CQ magazine,

which runs a surplus column. This column often contains answers to the

perplexing questions which may confront the 
"surplus hound,"

Good luck, and may youl conversions always workl

Special thanks are due the Arrow Sales Company, North Hollywood,

California for the use of several difficult-to-locate schematics.
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Sunpr-us Raoro CoNvrnsroN N{eNuel, Voruvn III

The "Commond" 
Sets

The "Commirnd" 
Sets are probirblv the rnost popu-

lar pieces of radio equipment on the surplus market.
Designed in 1938, they r.vere produced in prodigious
cluantities for over a decade for the Annr', the Naw.
nnd the Air Force. The virrious items oî eqr,ip*"t i
that make up ir complete set form ii multi-cliannel ra-
dio transmitting nnd receiving pircktrge for use on
irirplirnes equipped .w'ith a 21 volt d.c. pos'er solìr.ce.
Thc e<Sripment is desígned to transmii irncl reccive
voice, tone rnodultrted, or continnous \\-A\.e siqnals.
Incluclcd in the equipment rrre various rec,eir.ers, triuts-
rnittcrs, modulators, and auxil iarv items, tabulirted in
iigure l.

The basic circuit for i i l l  Commirnd transmitte.rs is
shorvn in figure 2. A master oscillat<>r erc.ites ir ltrrir
of beam power amplif ier tubes connected in p,uJlel.
The master oscil lator and pou'er amplif icr ttrning ca-
pacitors are ganged for simplif ication of controls .{
t lututz cn'stal resonrrtor (Y-50 ) is srrpplit ' t l  rr. ith t 'aclr
transmitter for use u'ith a "rnirqic 

eve" ttrbe to check
frer lue.ncv cal i l t ra t ion r r t  ( r r ì r  s7rr  r f  op t l r t ,  c l ia l .  T l re
crr,strrl cloes not control transntitter fre.<1uenct.. Con-
tinuotislv viuiable couplinq brtu'een the pos-er am-
plifer t i ink c,ircuit lncl the .urtcnnl c.ircuit is ircli ieved
bv ir rotarv lotrcling c'oil i  L-51 ) ;rnd a rotan. l ink coil
in  t l ie  arnpl i f ier  t iu ik  c i rcu i t .

The b:rsic circuit for the Con-rmand receir.ers is
shown in figure 3. All receivers are one-band super-
l'reterodvnes, and except for L-C elements forrning the
r,f. and i.f. tuned cilcuits, they are essentially alike
electrically and physically. Eacli receiver employs six
metal 12 volt tubes.

All Command equipment is designed to mount in
racks rvhich rnake electrical interconnections via built-
in plugs. In general, the racks for one series of equip-
ment are not interchangeable u'ith racks of other se-
ries, as the plug sizes and pin connections differ for
the different brirnches of tlie Armed Forces. The use
of tlie racks is not necessitn', hou'ever, for amateur
service.

The follorving information conccrns the adaptation
of the Command equipmcnt for amateur use. Arldi-
t ionol conuarsion infornratíon for this Ttoptúar cquip-
ment is giuen inVolumes I ancl lI of this surplus con-
uersion scríes. The mtrterial ilcluded hereu'itli is nerv,
and does not duplicate material given in the previous
manuals.

Conver t ing the Commond Receiver
to Six Meters

Technicitrns and v.h.f. operators are interested in
a metliod of convcrting the Command rcceivers for
v.l i.f. operation. The coiversjon involves constructing
iì porver suppll', reu'inding the receiverr coils, and re-
placing n tube. This conversion may be done u-ith any
receivor, but t l ie use of the 3-6 \Ic. r 'cct,iver is recom-
mended as the i,f. bandrvidth is about optimum for
general usage.

. Remove the top covers and the bottom plate, sav-
ing the scre\4/s, Clean off the rear area of tlie receiver
u'here the dynamotor rvas mounted and wire in the
po\\,er supplv shou,n in ficure 4. Note that the trvo
filament rvindings of the transformer must be correct_
ly pliased to produce 11.6 volts, a.c. The 12 volt tubes
operate perfectly at this voltage. N{ake sure the re_
ceiver works on a.c. before you start the rest of this
conversion.

Norv, remove the coils by taking out the screws on
each side of the receiver case that hold the assemblv.
Lift out the triple coil can and r.emove the t2 ,"r"*,
liolcling the coils in the cans. Remove the coils from
thc base and clean the terminals. Discard the orisinal
coils. Wind the self-supporting coils shorvn in fúure
5. Reasser"nble the coils in the shields and replace-the
Lrnit in the recciver.

\e.xt. remove the 12SK7 r.f. tube (immediately
lrcli incl thc tur.rinq capacitor.) and replace it rvith a
\\ 'E-717.\, rn'rri lable at anv laree strrplls store. (This
ttrbe is rrn oc,tal basecl 6.\K5, ancl lias the same pin
connt 'c ' t ions r rs  thc 1 lSK7).  Rcu. i re the . .hot , ' f i lament

pin to t l i t '  s i r  r . r r l t  r i  inc l inq of  t l re  f i l i rn tent  t ransformer.
a s  s l , , , r v n  i l r  l i ' j r r r ,  { .

I n  j t ' c t  . r  l )  \ [ t  . i t n . r l  i n to  t hc  r t , c , c i r . c r .  ho ìd inq  the
sjqn.r ì  l t ' r ' t ' l  r lo , , , ,  n  t r r  p t ( . \ ' ( .1 t  r t ,c . t , i r . t ' r  r l . t , r lo l t { .  - \ t l j r rs t
t he  osc i l l . r t o r  p . t r k l i ng  i . r 1 t . i c . i t n r  C -11 ì .  i i t op  t he  tun -
ing capi rc i tor  )  ur ì t i l  thc 50 \ lc .  s ignal  appears at  5.7

C ! V h 4 A N D "  T R A I J S M  T T E R S

N O î E S  A - q L A T E  a N o  s c R | E N  M o o u L A r € D .
B  - M o D U L  a r a R  / N c L  u D E D  / N  T R 4  N s M  /  r r E R
C - P L A r €  C / R c U / T  o F  P - A  / s  s È U N T  F € D  / i l  J A !  M a D t . s

F i g u r e  I
CHART OF VARIOUS MODELS OF, ,COMMAND" TRANSMITTERS
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SCHEMATIC,  "COMMAND" TRANSMITTER,.  MODULATOR AND

CONTROL BOX (ATA-TYPE PLUGS).
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SCHEMATIC,  "COMMAND" RECEIVER(ATA-TYPE PLUGS).
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Figure 3-A (cont inued)

rrnd the ner,v calibration rn:rrks placed on the surface
\vith India ink.

A suitable "control 
panel" for the front of the re-

ceivcr is shown in figure 6. Rernove the auxiliary plug
at the bottom of the front panel, knock off thé fnoÈ
and use the panel as a rnount for the components.

Moke o Novice Receiver for
40 ond 80 Meters from

the 3-ó Mc. Commond Receiver!
The 3-6 lvlc. Command receiver "iust 

misses,, the
7 NIc. Novice amatelrr band. An excellent and easy-to-
perform conversion of tliis r.eceiver rvill permit lt to
cover both Novice bandsl Simply rernove tfre coil rack
from the receiver, and remove the coils from the cars.
Mark the coils so you can distinguish between them,
With _a pair of 'heedle-nose" 

plierí pull out the micarta
clip that secures the porvdered iron sluqs within the
coils. Remove the three slugs and discùd them. Be
careful not to damage the coil windings or the termi-
nal connections, Reassemble the coils, solder all con-
nections, and install the coil rack in the receiver.

Using a sigrral generator, set the 6 Mc. dial mark_
ing to a generator frequency of 2.4 Mc. by adjusting
the high frequency oscillator padder 1C-iC;.' Next]
set the 3 NIc. dial rnarking to a generator frequency
of 3.4 \'Ic. Go back to 7.4 -\Ic. anà recheck this-poiní,
Re-set C4-G_slightll', if necessan,. peak up the 

-mixer

trimmer, and the antenna trirnmer, The rèceiver will

3or1 $ne the range of 3.4 \'Ic. to 7.4 Mc., covering
both the 80 meter and the 40 meter Novice bands.

A Plug-in Power Supply for your
Commond Receiver

Many amateurs and experimenters have a whole"stable" 
of Command receivers. Not only is it ex-

pensive to purchase power transformers for each re_
ceiver but it is verv difficult to adapt a receiver con_
verted in such a rnAnner for mobiÈ operation. De-
scribed herervith is a plug-in power unlit that fits in
the dynarnotor space of the reòeiver. The supply can
be easily removed and a converted dvnamoì6r'used
for mobile operation.

First, wire all filaments in par.allel for 12 volt oper_
ation. Locate a Commald receiver dynamotor (DV_g,
or DY-2A/ARR-2) and remove the base mountins
plate. Discard the dynamotor. Remove everythin[
from the base plate, including the sliding clips, bui
retain the three pin connector. Nlount the-new power
transformer, rectifier tube, socket, and filter capìcitor
as shown in figure 7A. Note that the capacitòr and
lectifier tube socket are mounted on %,, métal spacers.
The transformer is rnounted on X,, metal spacers so
that the leads rvill not be pinched between^ the core
and the plate. It is only necessary to drill holes in the
base plate for the four metal spacers nnd the 6-32
screws that secure the porver transformer. The line
cord is held in pltrce rvith a cable clamp secured under
one of the transformer monnting bolts. A srvitch mav
be placed in tlre l ine cord.

roét setE r r€,?il/lALS
à5 r'/Ít€o fRoH èorro|t

/îi\
/7 aì \
( "  / \ ' n \
\6.c" \--l 

s" .7
\ r G - . /
\:*r9./

7U8E rtEMtNAt COOÉ
5 .  S | E L L
H. lEATEP

K = CATHODE

Sq=SUPPQESSOF G2/O
Opt-F/PST O/1OE PLAÍE

oP2! SECO|O O/ODE PIArE

6=coNrzoL 6R/o

Mc. on the tuning dial. Retune the signal generator
to 54 Mc. This should iìppear at 6 N{c. on the re-
ceiver dial. Peak up the mixer trimmer (on the side
of the tuning capacitor ) and the antenna trimmer on
the front panel for maximum signal. Calibration mav
be varied by juggling the oscillalor padding capacitoi
C-9 and the :ruxiliary oscillator capacitor C-4 on the
side of the tuning capacitor. When the coverage is
correct, the dial may be re-painted with white paint
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The schematic of the supply is shown in figure 78,
rrnd a photo of a tvpical supply, installed in a receiver
is shown in figure 8.

A Twelve Volt Commond Dynomotor
for Mobile Service

It is often desirabìe to emplov a Comrnand receiver
for mobile or Field dav operation. When using the
.r.c. power pack described in the previous section, the
receiver may be easilv po*'ered with a l2-volt dyna-
motor, Although l2-volt dymamotors for Command
receivers have occasionallr' ;rppeared on the surplus
market, they are not generalh'available. The DM-34D
(part of the BC-603 equipment ) is quite common,
holever, and is the same phvsical size as a Command
set dynamotor, delivering 220 volts at 80 ma., with
:r primarv druin of 12-11 volts at 9.8 irmperes. It may
be used rvith the Command receiver rvith a simple
conversion.

Obtnín a 28-volt Comrnand receiver dynamotor.
Remove the mounting base, complete with sliding
latches, socket, and ground lug. Discard the dynan.o-
tor. Nov', cut the DM-34 mounting brackets to

2-9/16" so that the brackets will just fit inside the up_
turned fìanges of the Command dynamotor base. Drill
rr small hole in each DN{-84 bracket and a correspond_
ing hole in the base so that the dynamotor miy be

s r a N c o R  p c  - a 4 o t  6 X 4 O R I G I N A L  C H O K E
# 5 6 3 4

l +  + l

|  20 !F  I
:*im-v.*

1 ' . 6  V .  T O  A L L  O Î H E R
F I  L A M E N T S

6 . 3  V .  T O  W E - 7 1 7 A
F f L A M E N T

)
l - '  È - - - +  r o  c A i N  c o N r R o L  L | N E25!! l  9-4!!  (e nttp , , r ,  t

Figure  4
A.C. POWER SUPPLY FOR COMMAND RE-
CEIVER. Power tronsformer del ivers 235-O-
23_5 volts ot_40 mo.,  5 vol ts ot 2 omperes, ond
ó.3 vol ts ot 2 omperes. l f  ó.3 vol t  winding hos
two center-top wires, cut them short  ond

solder them together, then tope.
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Figure  5
COIL  DATA FOR SIX METER CONVERSION

OF "COMMAND" RECEIVER.

F igure  ó
CONTROL PANEL CONNEC.
TIONS FOR "COMMAND"

RECEIVER.

A-Loyout,

/:\
fó,

F i g u r e  7
power  supp l y  moun t i ng  p lo te  f o r
Commond  rece i ve r .

B-Schemot ic ,  power supply.  Power t rons-
fo rmer  i s  t he  some os  shown  i n  f  i ou re  4 .

t A )

T :  T O P  O F  C O I  L
B :  g O T T O M

A N Î E N N A  C O I L  M I  X E R  C O I  L

7 T + 1 6  E N A M .  P R / . - 1 0 î . + 2 2  P L A S T T C -
C O V E R E D

s 6 c . -  8 a  * 1 6  E N A M .

P H A S E  C O R P E C T L Y
FOR |  / .6  V . ,  THEN
S O L D E R  A N O  f A P E .

bolted to the base. Connect the rohite uire haoing a
black tracer and also the ushite roire haaing a red tracer
to the ground lug. Connect the whíte uire to the
filament lug on the dynamotor base ( see figure 7A
for base connections). Finally, connect the uhite wire
aith the blue tracer to the B-plus lug of the base.

The above connections are for automobiles having
the positive terminal of the battery grounded. If your
car has the negative terminal grounded, reverse the
whi,te wire with the uhite wíre harsíng a black tracer.
A reworked dynamotor is shown in figure 8.

Converting o Q-S'er
for Broodcost Reception

The Q-5'er ( BC-453 ) covers 190-550 kc. and is
genernlll' used irs a selective i.f. strip for communica-
tion receivers. B1,' modifving the coils it may be made
to cover the broadcast band (550-1500 kc. ) for gen-
elal broadcast reception. It also can be used with a
converter for mobile u'ork, or it can serve as a Q-5'er
for receivers such iu the BC-3-18 s'hicli havt' ir 715 kc.
intennediate frequencv channel.

Figure  8
,,COMMAND" RECEIV-
ER POWER SUPPLIES.  A t
lef t  is converted DM-34
dynomotor,  ond ot r ight
is the power supply of

f igure  7  .
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The coil rack is removed and the follorving altera-
tions iue ruade to the coils:

l-Remove 210 tr-rrns fror.n the iuttenna coil lL_l).')-Rernove 500 turns from the mixer coil Drimarv
( L - 2  ) ,

3-Rernove '220 turns from the tnixer coil secondarv
(  er id  )

{-Remove 195 turns front the oscill:rtor coil sec_
ondirn' ( L-5 ).

Do not remove itnv turns from oscil lntor coil pri_
nrarr' (the grid t ' inding). \\ 'hen con.rpleted. ."pù""
the coil lack. The receiver u'ill norrj tune the fre_
(prencv ranse of 550 kc.-1600 kc. -{.djust liigh fre_

A U D / O

I  2 A 6

F i g u r e  9
S C H E M A T I C ,  N O I S E  L I M I T E R
FOR COMMAND RECEIVER.

91el9y alignment rvith tlie oscillator shunt padders
(C 1E, 9-+C) on the variable tuning capacitor. Track
the low frequency end of the band ùitfrin" adjustable
powdered iron slug-cores in the three coils, pt", tfr"
oscillator series padder (C-g) on the end of thà tunine
capacitor.
A Noise Limiter for your Commond Set

Tired of automobile eRM or static on your Com_
rurrnd set? A very simplà but effective noise limiter
can be connected as shown in figures g and 10. A
124L5 tube is used. The cathodJ of one_half of the
diode is connected to the 1246 control grid. The grìà
of the 1146 is slightll, negative, so the àiode does"not
conduct; however, rvhen a noise peak arrives (or a
strong audio peak) the diode conducts and shortì the
glid, circuit out to ground. The limiting action is as
gooct as the more complicated shunt_type limiter, but
the audio distortion is a little l-righer.' A s*itch'may
be incorporated to remove the liniiter from the circuít
s4ren it is not required.

Automotic Volume Control  for
Your  Commond Set

Autornatic volume control is extremely effective in
preventing distortion or overloading on strong local
sigrrrr ìs.  I t  is ver.r '  s i rnple to add i ì . \ . .c.  to the CoÀmand
leceivels.  ( \ote: A fe* ' 'ARC" ser ics receivers have
ir.r,'.c. incorporirted ). All tl ie essential a.v.c. com_
ponents rrre incorporrrted in all receivers, but there is

)  t za ts

F i g u r e  I  0
The  ì2AL5  no i se

l im i te r  t ube  moy  be
p loced  i n  t he  unde r -
choss i s  o reo  beh ind
the pcnel  of  the re-

ce ive r .
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, ,COMMAND" RECEIVER.

no connection betu'een them. The purpose of this

conversion is to provicle ir.r'.c. action to the r'f' and i'f'

amplifier stages bv completing the a.v'c' circuit' It

r."qìir", tu,o.iidditional reìistors and a ca,pacitor' Refer

to i isures 11A and l1B. First, unground pin 5 of tìe

l2SÒ7 (\ 'T-133). Connect t l ie 100 ppfd. capacitor'

,."roì, pìns 4 and 5 of the tube socket' Connect the

470K ràsistor from pin 5 to an adjacent ground lug'

Connect the seconcl 470K resistor betu'een pin 5 and

the junction of C-l5A and R-11. Remove R-11 from

the i'irc'uit to increirse the effect of the a.v'c. action'

A Built-in SPeoker for Your
Commond Receiver

A srnirll speaker may be mounted in the removable

aclapter platé in the front of the Command receiver'

The 
"tueaker" is the smirll receiver element in standard

trse in ìelephone l'randsets' It is only Lk" in diameter,

and 11116; tliick. It is :ivailable on the surplus mar-

ket, and identifiable bv the letters HA-l stamped on

the face.
A blank trluminutn plate replaces the original

rdapter plate. A hole is cut in the plate -just large

enoi sh tà clear the HA-l unit. A second hole is made

for the gain control, shos'n in figure 6,
If th; b.f,o. su'itch is not used, placement of parts

on the new plate is not critical. However, if a b'f'o'

switch is desired it rvill be a tight squeeze to get the

three components together on the new adapter plate'

A single layer of 
"Scotch" electrical tape is w-rap-

ped around the shell of the speaker to isolate it from

F i g u r e  ì  3
BLOCK DIAGRAM OF DOUBLE _  CONVER-
SION AMATEUR BAND RECEIVER MADE
FROM TWO "COMMAND" RECEIVERS. BC-
455 serves os r . f .  port ion, ond BC-453 serves

o s  " i . f .  s t r i o . "

F i g u r e  l 2
SCHEMATIC,  HA- I  SPEAKER
FOR USE IN "COMMAND"

R E C E I V E R .

the chassis, trnd after placing the speaker in the hole

in the plate a second piece of terpe is r'vrapped around

the body of the speaker to hold the unit from slipping

out of the hole.
\\/ire the positive side of the speaker directly to pin

#4 of J-I (the front plug in the back of the adapter
plate). \Iount the gain control ' \\ ' ire the 

"hot" arm of

ihe control to pin #Z of 1-t, and the other side of the

control to pin #1 of J-1. Fintrlly, counect the other

side of the ipeaker to ground. Scres'the adapter plate

to the front of the receiver, and you have a sensitive,

clean-sounding speaker, audible manv feet from the

leceiver. ThJcomplete wiring changes are shown in

figure 12.
A "Double Conversion" Commond

Receiver for Single Sidebond Reception
It is possible to combine two Command receivers

to form à double conversion receiver, rvell suited for

single sideband reception or selective c,w. reception'

Th; BC-453 (190-550 kc.) and BC-455 (6-9.r Mc.)

receivers are used' A block diagram of the combina-

tion is shown in figure 13. The BC-455 tunes the 7 Mc'

amateur band (oiit may be modified for other bands

as described later ) and the intermediate frequency

signal of this receiver ( 2830 kc. ) is c_onverted to 300

kA, within the tuning range of the BC453. The com-

bination provides exòeleni sensitivitr', selectivity, and

freedom from bothersome 
"image" signals.

Only a portion of the BC-455 is used. The r"f ' am-

plifier, mixèr, and first i.f. stirge function in the usual

i.u.."., irnd are unn-rodified. The second i.f. stage
( 12SK7 ) \r-5 is changed into tr mixer, and the b'f'o'

section of the l2SR7 (V-7 ) is converted to a mixing

oscillator. The 12A6 ar-rdio tube is removed'

H A - I  S P E A K E R  U N I f

V.rs 'c"* \

N E W  0 5 C .  S r A G €  -  T U N E  r A  2 5 3 4  k C .

éî,i 'LîJ'8f, olfi o", n,,
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The, first step is to lower the frequency of the
l2SR7 beat oscillator until it operates 300 kilocycles
below the intermediate frequency of 2830 kc. The new
frequency of oscillation is therefore 2b30 kc, To effect
this change, solder a 100 ppfd. mica capacitor be-
trveen the plate (pin #5) and ground (pin #f ) of the
l2SR7 socket. The desired frequency of 2830 kc. may
norv_be tuned by adjusting the b.f.o. trimming capaci-
tor C-28 on the side of the receiver. Check the fre-
(luency by listening to it on a nearby receiver or fre-
quency meter. The old b.f.o. has now been trans-
formed into a suitable mixins oscillator.

The next step is to couple the new i.f. output fre-
(Iuency of 300 kc. (2830 kc. minus 2530 kc. ) into the
BC-453 which serves as the lorv frequency i.f. ampli-
fier, Remove the third i.f, transformei from ihe
BC-455 (trirnsformer Z-3). Solder a 30K. l-watt re-
sistor between pin #1 and pin #2 of the i.f. socket.
Solder a I00 ppfd. cirp:rcitor betu'een pin #1 .rnd
pin #4, rvhich is used as a tie-point terminal. Finally,
cut a short length of shielded rvire, long enough io
leach from pin #4 to the antenna terÀinal oT th"
BC-453. Solder the center conductor to pin #4 of i.î.
transformer socket Z-3 and solder the shield to a near-
by ground lug (pin #5 of 12SR7 socket), Connect
the inner conductor to the antenna terminal of the
BC-453, and ground the shield to the chassis of the
second receiver.

Tune the BC-453 to 300 kc., and tune the BC-45S
to 7 Mc. You can now tune in 4O-meter signals by
tuning either receiver. In general, tune the BC-455 to
the edge of the amateur band, and then cover the
band on the BC-453. The i.f. bandwidth of the hish
frequency receiver is broad enough to allow yo., 

.-to

tune the BC-453 for 100 kilocycles or so without a
drop in received signal strength. Use the b.f.o. in the
BC-453 for s.s.b. or c.w. reception.

- As 1n example, suppose you want to tune in a sig-
nal at 7150 kc. Set the BC-453 to 300 kc. and then tune
the BC-455 to 7100 kc. Next, tune up 50 kc. on the
BC-453, and you are "on 

the nose" at 71b0 kc. In this
way, you can read your frequency of reception to one
or two kilocycles. Alrvays remember to set the BC-459
tuning dial to 300 kc. for general tuning rvith the BC-
455.

Converting the BC-455 for
20, 15, ond l0 Meters

Conversion for Citizens Rodio Service
It is possible to buy extra r,f. coil racks on the sur-

plus market for the Command sets. To change bands,
it is onlv necessary to rewind these racks, and then
to use them as plug-in coils in your BC-415.

To rework a rirck, the data of figure 14 mav be
rrsed. You will need to borrow anothei receiver oi ft"-
quency meter in order to listen to the mixer oscillator
of the BC-455 during the tracking process. Remove
the coils and rewind them to the specifications given
in figure 14, You can check the approximate resonant

frequencies by placing the coils in the receiver (with-
out the-shields) and noting the resonant frequency on
a grid-dip oscillator. Be sure to remove the iron core
from the mixer and oscillator coils. When vou have
modified the coils, solder all connections, place them
in the rack, and replace the rack in the receiver. Turn
on the Command set, and then look for the sisnal of
!h9 hig[ frequency oscillator in a nearbv receiver.
Adjust the trimming capacitors on the or"illoto, ,""_
tion of the tuning capacitor (C-48, C-4G, and C_g)
until the oscil lator tuning covers the desired tange.
Finally, trimmers C-2, C-4D, and C-4F are adiust*ecl
for maximum strength of received signals. Tlte last
step is to cover the tuning dial with rrhit" enamel and
lecalibrate the bigh frequency bands with India ink
directly on the dial face. Only one or two markings
aue required for each band, as the main tunins is doie
rvith the BC-453 dial. The 28 N4c. coil data,"also ap_
plies to the 27 N{c. Citizens Radio Service."Hop-Up" Your Commond Receiver for

jmprov.ed High Frequency Reception
rt ts possible to boost the gain of the Command set

and to materiallv improve recèption on the 10, 15, and
20 meter riìnges. To do this, the l2SK7 i.f. amnlif ier
tubes irre replaced u'ith l2SG7 tubes, and tlre i:SfZ
r.f. i implif ier trrbe is re;tl irced u.ith a 12SG7. It is ri lso
necessary to los'cr the cathode bias resistor R_l on the
r.f. tube. Shunt R-l rvith a 620 ohm, X-rvatt resistor.
In^-addition, bypass socket pin #5 to ground with a
0.01 pfd. disc ceramic cnpacitor. To Èoost tl,re gitin
of the i.f. amplifier, shunt:the screen resistor (R_22)
rvith a l0K, l0 watt resistor.

Figure  ì  4
COIL DATA FOR CONVERTING BC-455 TO

1 4 ,  2 1 ,  O R  2 8  M c .

B A N D

A N T E N N A  C O I L
( L r )

M I X E R  C O I L
(  L 5  )

O S C I L L A T O R  C O I L
(  L i 3  )

! .  O F  T U R N S L E N G T H N '  O F  Î U R N S LENGfH N O  O F  I U R N S L E N G T H

1 4  M C . 3 / A t 3 / E ' 7  t / z

2 l  M C 5 1 n 3 6

27 MC
28 MC 1 / O ' 5 l / 6 , z  1 / 2 1  / 4 4

W I N D  A L L  C O l L S  W l T H  N O  I A  € N A M .  V / R E .

NOTE.: REMoVE w/NolNc Lz FRoM ALL HIxER coILs. (PLATE ulNoINco F  t 2 S X 7  R - F  S . A C E ) .
P L A C E  I O O ! ! F  C A P A C I T O R  A E T Y € E N  P I N * T  A N D  P I N  # 1  O Fu/xER co/L socKET Z_5A.
l ! .4c! 6ry,  t -warr REstsroR oErwEEN prN{1 aND plN * z oFTHE SAME SOCKET

( s E E  F t G U n e  3 a  )
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If the gain of the receiver is too high, instability
may result. It can be eliminated by experimenting
with the value of these two shunting resistors. Try
1000 ohms across R-l and 15K across R-22 iÎ the re-
ceiver shows signs of feedback or oscillation. See fig-
ure 3 for receiver schematic and parts placement.

Conversion of the BC-603 to q
l0-t  t -15 MeterAM/FM Receiver

( ldeol for the Cit izen's Bqnd!)
The BC-603 f.m. receiver is a component part of

Radio Sets SCR-508, 528, and 538. It provides f.m.
reception over the range of 20-27 Mc., has a sensi-
tivity of one microvolt, and 80 kc. bandwidth. An in-

termediate frequency of 2.65 Mc. is employed, and
a self-contained audio amplifier provides 2 watts of
power for a speaker, or 0.2 watts for headsets. On 12
volts the battery drain is 4 amperes. Properly con-
verted, this inexpensive surplus item makes a good
high frequency a.m./f.m. receiver. The original BC-603
schematic is shown in figure 16.

Adding An A.C. Operoted Power Supply
The purchaser of the BC-603 should try to obtain

both the l2-volt dynamotor (DM-34) and the 24-volt
dynamotor (DlI-36). The 2S-volt unit is of little
value, but the base makes an excellent foundation for
the a.c. power supply. Remove all components from

Figure l5
BC-ó03 F.M.  RECEIVER MAKES HANDY l0- l  I - ìs  METER A.M./F.M.  RE-
CEIVER. A.c. power supply is shown mounted in dynomotor well  of receiver.
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this brrse and discard them all, except the lg-pin' 'Jones" 
c,orrne<,tclr. Clerrn all l trgs on ihi, "onr,""io,

and open t l ie  ey 'e lets ,  Jumper p in i  #3,  6,g,12,15,  and
18, as sl.rorvrr in figure 17. Also jumper pins 16 zurd 17.
Finalll', jumper pins #1 and 2, and attaòh a three-inch
length of hook-up rvire to pin #1. This lead is ground-
c:d. \Iount the nerv power transformer at thJend of
the chtrssis opposite the connector rrs shorvn in fisure
15. \ft lrnt the 6X.1 tube socket ncar the porr,"r. "on_
nector and place the filter choke above the connector.
\Vire as shotvn in figure 17. Be sure the filament rvind_
ings o{ th_e power h-ansfonner are pliased properly to
provide abont 1I.8 volts. Plirce the pos.er *ppty utop
the te_ceiver, and vou are readv foi rr.c. opàratlon o?
the BC-603.

Converting the BC-ó03 to A.M. Reception
The BC-603 rvas designed for f.m. reception onlv.

Horvever, some farsighted designer includeà an audío
clioke in the cathode circuit of t le 6ACT limiter (V-6).
It rvas probablf incorporated to facilitate srveep-align_
ment of the r.f. and i.f. circuits. In any "rr"ìt. thi,
cl ioke (L-1 ) permits the l imiter also to act as an in-
finite impedance detector for a.m. signals, and an
audio signal appears trcross this choke il,hen an a.m.
signal is tuned in orr the receiver. The ltroblem, then.
is to su-itch the audio circuit of the BC-603 between
the f.nr. detector i ind this choke. Tli is conversion uses
the "intercom" 

srvitch (D-2) as an a.m,,/f.m. switch.
Remove the front panel of the receiver by taking

out the four screu's at each corner of the cast iron
panel guard. The front panel controls will separate
from thc chassis, being inter.connected b1' J-3 and
PG-S, Locate the "intercom" 

srvitch (stampedD-2 on
the back ) ancl remove the rvire betrveen fj-2 and I-2.
Also remove the u'ire running from D-2 to the resisiors
R-22, R-32, and R-33. (Some of these resistors are
omitted fror.n certirin receivers. They are used as vol-
ume correctors ). \ou', locate the blue-green wire
that runs from tlie rrudio output transformei T-l to re-
sistors R-22, R-32, and R-33. Unsolder this wire from
the resistors irnd connect it to the "hot" 

lug of phone
jack J-1. Remove the tlrree resistors.

Next, remove srvitch D-2 and replace it rvith a
s.p.d.t. toggle srvitch. Connect three pieces of short
shielded u'ire to the tlirec ss'itch terminals. N,Iount the
switch and ground the sliield braids to the panel. On
the main chassis, locate C-ll, t l ie audio coùphng ca-
pncitor connected to pin #t of the audio amplifier
tube V-10. One terminal of C-11 is connected [o pin
#1 of socket V-10, the audio amplif ier tube. Leàve
this terminil l  of C-11 irlone, Unsolàer the other termi-
nirl of C-l1. Connect the shield u'ire from the sn,itch
irrm to this terrninarl of C-11, its sìron,r.r in f isure lg.
Connect one of the otl ier shielded u,ires fiom the
switch arm to the terminal just vacated bv ctrpacitor
C- l l .  Connec. t  the r .emir in ing s l r ie lded lead to i - , in  +;
of  soc,ket  \ ' -6  (6AC7 l imi ter) ,  Replace the p i rnei .

l0-15 Meter Coveroge ond Cit izens
Rodio Service (27 Mc.) wtth the BC-ó03

it is possible to retune the BC-603 to cover the 10
n.reter band, as well as 11 meters (the Citizens Radio
Service) and 15 meters. This is accomnlished bv ad_
justing the capacitors on the lt,ft sjcle ìf tn" cliassis
and the tuning slugs on the right sicle. presetting the
adjustments is an ensv rva1, of tuning the receivér to
the proper ranges.

^ I.ooking at the left side of the set (rvith the front
of the pnnel torvirrd vou ) set tlie red dot on capacitor
C-I.7 torvard the front panel (6 o'clock). Set fhe red
dot orr crrptrcitor C-l.5 tir g o'cìock. Set ihe recl clot on
capacitor C-l.3 to 10 o'clock. Fintrl ly, set the antenna
trimming <.apacitor C-l. l to 4 o'cloók.

_N_e1t open the covers exposing coils LCU-I ,LCTJ_2,
and LCU-3. Screrv all slugs oirt counter-clockrvise.
Screrv in the upper slug of t-bU-f three turns, and the
lorver slug eight turns. Screrv in the sl.rg oi LCU_I
eleven turns. It should norv be possible to-receive the
full l0-meter band and 27 Nfc. Òitizens Radio Service
at the high end of the tuning dial, and the fuil lS_
meter band at the lorv end of the dial. peak up the
slugs (except LCU-3) for maximum [ain at thé low
end of the dial, Pcak up the <.apircitors (ercept C-1.7)
for maximur.rl gain at the Iiieh énd of the dial. Repeai
th is  process u f t 'u '  t i r r r t 's  r rnt i l  t l re  rccei r .er  t racks ac^ross
the entire- range. Finrillr', irdjust oscillrrtor slug LCU-3
rrnd oscillrr.tor prrdding cir.pacitor C-l.7 for Iull cov_
erage of the amerteur bands at each end of the dial.
This completes the conversion.

Using the AN/APN-I Tronsmirter
Section for 42O Mc.

The APN-I rndio altimeter is r.videly available in
surplus stores. Usually the frequenóy modulator
(Y-101 ) is removed for use in televiiion sweep genera-
tors. The rest of tl.re unit can often be boughi for a
very ferv dollars. The trtrnsmitter section is ùsable on
the 420 \Ic. amtrteur birnd for short-ranse work. The
actunl operating range depends upon the gain of the
antenna s)'stem, rather than the power of the trans-
mitter, ]ros'ever!

Remove the transmitter from the ApN-l (figure
19). The transmitter rvill be converted for iix-'volt
filament operirtion, and u porver supply and modulator
rvil l  be constructcd. Remove the modulator ly-101 )
from the transmitter if it is still in place.

The first step is to locate the fila^ment rvire runnins
betrveen L-105 and L-106. Clip this rvire near thé
end of L-105. Ground the end of the rvire emerging
frorn L-105 to the chassis of the transmitter. Connec*t
the free end of the u'ire emerging from the end of
L-106 to the center terminal of the filament feed-
through capacitor C-111. The filaments are nor,v wired
in parallel for six-volt operation. Next, remove link
coil L-107 and the irssociated coaxial line.

The circuit of the power supply-modulator unit is
sliown in figure 20. It cirn be built npon one end of
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F i g u r e  l 7
SCHEMATIC, A.C, POWER SUPPLY FOR BC-
ó03. Power tronsformer del ivers 250-0-250
vo l ts  o t  70  mo. ,5  vo l ts  o t  2  omperes ,  ond ó .3

volts ot 2.5 omoeres.

F igure  I  B
MODIFICATION OF BC-ó03 FOR

A . M . r F . M .  R E C E P T I O N .

F i g u r e  l 9
SCHEMATIC,  APN- I  OSCILLATOR

my antenna for tuning adjustments. A suitable an-
tenna for the 420 N,Ic. band is shorvn in figure 21.

Converting the AN/CRC-7 to 144 Mc.
The AN/CRC-7 is a batterv operated transmitter-

receiver used for Air-Sea rescue u'ork. It is capable of
operation in the 144 NIc. amateur band, and purchase
of components other than a set of batteries is unneces-
strry, The complete unit is shou'n in figure 22, and
trn 

"exploded" vierv is shou'n in figule 23. The circuit
is given in figure 24.

The CRC-7 uses 1.4 volt d.c. tubes-three 3A5's
and one 3Q4. One half of a 3A5 is uscd as a super-
regenerative cletector lra'" ' ing a trrning l itnge of 135-
150 \Ic. The sccorrcl half <;f this ttrbc is used :rs iur

N E W  " D - 2 .
s w t T c H

i

6 S L 7 . G I
A-F SfAGE

a 8"x10"x2" aluminum chassis. The APN-I oscil lator
unit is bolted to the opposite end of the chassis.

Adjustment of the sliding bar on L-108 rvill tune
the oscillator betrveen 425 \lc. and 440 \lc. The spac-
ine betrveen L-111 and L-110 rvill determine the an-
tenna loading. A 6.3 volt, 150 ma. pilot lamp (brown
bead ) mounted in a coaxiirl plug lvill serve as a dum-

I  ro a-F osc.

|  * l *
t--;rr4J
t f",""#8î.fFj

ALL RESISTOR VALUES ARE
€/VEN /N OHMS AND CAPACITOR
VALUES / i l  ! 'F ,

@
J  l o 2

Î R A N S M I T T E R
A N T E N N A

UNLESS OTHERWlSE NOT€D
CAPACITANCE IN ! !F,
RES/STANCE /N OHMS.

F i g u r e  2 0
SCHEMATIC

POWER SUPPLY-
MODULATOR

C I R C U I T  A N D
R E V I S E D  A P N - I

OSCILLATOR
Power tronsformer de-
l i vers  235-0-235 vo l ts
o t  40  mo. ,  5  vo l ts  o t  2
qmperes ,  ond ó .3  vo l ts
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audio amplifier for reception and transmission. The
3Q4 is employed as an audio power amplifier for re-
ception and as a modulator for transmission.

One 3A5 section is used as a crystal oscillator on
17,573 Mc., with the second section acting as a fre-
quency doubler to 35.146 Mc. A second 3A5 is used
irs a dual doubler, the first section doubling to 70.292
Mc., and the second section doublins to 140.58 Mc.
Transmitter output is on this frequenóy.

F i g u r e  2 2

The AN CRC-7 is  o
bottery-operoted re-
ceiver eosi ly convert-
ed for 2-meter omo-

teur operot ion.

F igu re  23, ,EXPLODED"  V IEW OF AN CRC-7
The bot tery box is  cut  of f ,  ond the top sect ion
is  cut  open os shown. Cut  top sect ion Yz- inch
obove push but tons,  being corefu l  not  to  cut

too deeply in to the cose.

F i g u r e  2 l
FOUR-ELEMENT BEAM ANTENNA

FOR 420 MC.

Opening A good, sharp hack-sarv is an asset in
the Cose opening the CRC-7 case. The unit is com-

pletr,ìr '  heremctic,allv sealed against mois-
tttre. Sincc the lt irtteries are not at-ailrrbìe, the fi lst
step is to c,rrt off thc ltattt 'n' cor.rrpirrtntent. \ leasure
along the sidc of t l ic trr.rit to thc cnd of t l ie brass butt
plate. This n'i l l  bc 8;í". \ lcasule volrr unit to cut just
belou'this brass plate. Do not cui too far into the in-
terior of the battery, compartment or you rvill sarv off
the battery pins. Remov-e and discard the shell. In-
cidentally, the antenna should be fLrlly extended to
avoid sawing it off during the cr,rtting operation.

Next, remove the tr.vo screws that apTtear to hold
the tu'o halves of the unit together. Nfark a line )í-inch

MAKE €LEMENTS OF
u o  t 2  F .  w t R E .

S H O R I  L E N G T H
O F  R G _ 5 9 / U
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SCHEMATIC,  AN, iCRC-7 V.H.F  TRANSMITTER-RECEIVER

rbor,c thc push buttons, and scribe this line all the way
irrotrnd tl're cannister. Sa*' along this line, being care-
ful not to cut into the interior of the case, particularly
near the screw mounts. Just beneath this area are the
audio trirnsformer and r.f. choke, so take care!

Nou', you can slide off the cannister. It may take
it l i tt lc j iggling, but use only moderate pressure. Re-
nror.'e the insulating tape to reveal the components of
the set. To mrrke sure that no damage has been done
clurirrg the strrving process, connect à set of batteries
as shou,r.r in figure 24. Press the "receive" 

button and
vou shotrld immediatelv hetrr a hissing noise in the
t' irrplrone unit.

144 Mc. Operotion Tl're transmitter should be ad-
of the Tronsmitter justed for I44 Mc. operation.

All of the coil slues are silver-
plated ancl raise the re'son:rnt frequency óf the tuned
circuits irs tl'rey erre screu'ed clockwise into the coil.
Since it is necessarv to ririse the frequency of the trans-
n-ritter for 144 \"Ic. operation, it will be necessary to
tum rrll slugs clockrvise. This is fortunate, as the siugs
are usnallv searled rvith "glyptal" 

cement, and turning

the slugs counter-clockrvisc u'ill trstrallr, "freeze" 
them

in the cement.
The first step is to relnor.e- tlie transmitter crystal,

rvhich is held underneath the 17 \lc. coil form lthe
one having the most turns ). Unscreu' the coil bolts
from the under-side of thc chirssis and remove the coil
and the crvstal. Hanclle. the crvstirl u'ith care. It is
possible to mount ir r.rr strrl lr,r lder on the outside of
t l ' re  case,  grounding, l , , , ;1 , , .1  of  thc holder  to the case,
and connecting a sntirl l  pit,ct of spring brass to pin
#3 of the 3A5 oscil lator trrbc. socket. Then, when the
case is slipped on, t l ie sltring brass tvil l  contact the un-
grounded pin of the c.n'stir l socket. A second brass
spring is soldcrecÌ to tl i t- chassis deck to miike ground
ccnnectiou to tìrc c.irsc for t l ic return lead, Crvstals in
the 18 \lc, ranqc rrrc uscd for 2-meter u.,ork. 

'

A less e-xpensivc' c'onr.'ersion is to make use of the
crysttrl usecl in the oriqinirl ecpipment. Take a piece
of flat gliiss ancì prrt a fen' drops of rvater and a little
tooth porvder on it. Place the crvstal blank on the
glass and press it l ightlv but evenìi ' , taking ten or 15
circultrr "su'ipes" 

ircross the glass plate. Clean the
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F igu re  25
The  AN/URC-4  i s  o

bottery-powered
tronsm i t ter-  receiver
sui toble for  conver-
s i on  to  t he  144  Mc .
omo teu r  bond .  Un i t
f ec tu res  bu i l t - i n  on -
tenno  ond  speoke r -

m ic rophone .

cr1'stal u'ith carbon tetrachloride (Cautionl Do not
breathe the furnes! ), replace it in the liolder nnd check
the frerluencr'. It n' i l l  probablv be necessrtrv to repeirt

this procedure several t imes (retuning the crl,stal
oscillator coil eiich time ) until the htrrmonic of the
crl,stirl falls rrt the desired spot in the 14.1 \{c. band.

Next, c'ut holes irt appropritrte spots in the top of
the cannistcr to gain iìccess to the tuning sh,rgs *'hen
the cover is rc.plirc'e'd. It is necessrrrv to tune the
transmitter in this miìnner, since the cirnnister causes
ir considerable arrrount of dctuning u'hen it is re-
moved. Peak the slugs of the four coils for mtrximltm
signnì strength in a nearbv receiver, u'ith the antenna
rvhip of the unit fully extended. This completes the
transmitter modif ications.

144 Mc. Operotion The rcceiver section of the
of the Receiver CRC-7 onlv reqnires retun-

ing for 2 meter operation.
Screu,ing the slug into the detector coil about t lrree
turns u'i l l  hit t l ie band. Some receivers u'i l l  not tune
iibove 1-17 \lc. irnd it s' i l l  be necessrìrv tcl remove onc
turn from the dertector coil to tune up to 148 \{c. If
desired, the receiver slug ctrn be rcmovcd rrnd tr }i-inch
extension shaft soldered to it. Bv slotting tl"re side of
the case, vou ciìn tunc the recciver rnanually by
means of ir knob plnced on tlie shaft. The sensitivity
of the receiver is such tliat rr signal of less than 3
microvolts can easily be hetrrd and copied.

The CRC-7 requires tu'o flrrshlight batteries paral-
lel-connected for the filament sr,rpply (I.4 voìts), and
two 45 volt B-batteries series-connected for the B-nlus
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supply. The RCA battery pack VS-064 will work rvell
with this unit.

Using a converted CRC-7 with the self-contained
antenna, contacts up to 30 miles distance have been
made.

Converting the AN/URC-4 to o
2 Meter  Hondie-Tolk ie

The AN/URC-4 is a battery porvered transmitter-
leceiver intended for Air-Sea rescue service like its
predt'cessor, the CRC-7. Lrnlike the CRC-7, the URC-4
emplovs more "exotic" 

circuits, components and
smaller construction. In addition, it is designed to
operate on two frequencies: 121,5 N{c. and 243 Mc.
To convert the URC-4 to 144 \lc. it is necessary to re-
u.'ind a ferv coils. purchase a new crvstal. and connect

a set of batteries. The unconverted URC-4 is shown inî .  ^ -i lgures zD ano I / .
The URC-4 employs eight tubes, all of which are

sub-miniature 'rvith the exception of the audio output
tube. A dual frequencv tìntenna folds completely into
the case. Telescoping the antcnna :mtomatically shorts
out the v.h.f. antenna loadinq coils i ind converts the
rrntenna to u.h.f. use nt 243 \lc. l ior a ttvo meter con-
version, the u.h.f. circuitn'and tubcs are not used.

A complete circuit of the L'lìC-4 is shor.'"'n in fig-
ules 26A and 2611. T*.o seprtratc cletectors are used,
one for v.h,f. and one for u.h.f. Each super-regenera-
tive clctector ernplovs ir tvDe 60j0 miniirture high-p
triode. (Note: Some earlv models trse 5676 tubes).
Bandsu,itch S-1 l ights the fi lanrent of t l ie tube in use.
Tire dctector audicl output circuit is novel in that it
incorporates a "bridge-T" 

filter tuncd to the quench
frerluency of super-regeneration. A vrrriable quench
control is thus not required and improved audio re-
sponse is realized. The v.h.f. detector (\ '-5) tunes
only to 144 \Ic. and must be modified for 2-meter
rvork.

Tlre transmittcr section employs a CR-24/rJ cr1'stal
at 10.12 NIc., gror-rnd for third-overtone operation lrith
a 6050 oscil lator (V-l) operating at 30.375 tvlc. This
tube drives a second 6050 doubling to 60.75 N{c. A
betun-porver pentode (type 5851 ) is used as a doubler
to 121.5 \lc. For v.h.f. operation, signals are l ink-
coupled out of the plate circuit of this stage. A second
5851 acts as a cloubler to 243 \Ic. for u.h.f. service
and is activated b1' t l ie u.h.f./v.h.f. sn'itch, S-1. This
last tube rrar. be removed and kept as iì spare.

The audio section consists of n 2E3l speech ampli
f ier driving a 3Q4 po\\ 'er nmplif ier lrcccption). Dur-
ing trirnsmission, the 3Q4 serves as rr ntodulator. A
feedback circuit is incorporated in tht' audio system
for modulated tone transmission, opr.rated by switch
S-24.
The Two Meter It is :r good ick'a to cstablish first
Conversion thnt the t-RC- 1 is in rvorking or-

der on 111.; \ lc'. u.hen you re-
ceive it. The original brrtte.rv pack is unobtainable,
but a good substitute is the RC-{ \-5-064 pack ( 1.4
volts, and 90 volts). Birttcrv cables are' r-rsuallv avail-

F i g u r e  2 7
AN/URC-4,  WITH COVER REMOVED

At  top  o f  cob ine t  o re \ tubes  V-1  ,  V-2 ,  ond V-3 .
Osc i l lo to r  co i l  L - l  i s  beh ind  V- l  ond is  tuned
to  30 .375 Mc.  Doub ler  co i l  L -2  i s  beh ind  V-2
ond is  tuned to  ó0  75  Mc Doub ler  co i l  L -3  i s
beh ind  V-3  ond is  tuned to  121.5  Mc.  Co i l
L -4  i s  beh ind  copoc i to r  C-19 (20  p fd . )  ond is
tuned to  243 Mc Tun ing  copoc i to r  C-21 is
nex t  to  L -4 .  Rece iver  co i l s  L -5  ond L-ó  ore  o t

bottom of cose.
Coi l  L- l  is retuned to 3ó Mc.,  coi l  L-2 to 72
Mc.,  coi l  L-3 to 144 Mc. Tubes V-4 ond V-ó

(under the chossis) ore removed.
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able rrt the surplus store. Connect the battery as in-
dicated in figure 26 to receptacle J-1. Press the
rcceive button and a loud hiss should be heard from
the combination microphone-earphone. Press the
transinit button and check for r.f. with a field strength
meter. Do not leave the transmitter operating for
rnore than a ferv seconds when making this check as
the 121.5 \Ic. frequencv is still used foi military com-
munication.

The first step in the conversion is to modify the
tuned circuits. Rernove tl.re chassis from the case by
loosening the chassis mounting screws. Remove the
u.h.f. detector (type 6050, V-6) located under the
chassis. Save the tube for it sDare. Remove tl ie u.h.f.
power amplif ier tube (ty'pc 5851, V-4 ) and save for a
spare. Coil L-3 of the second dor,rbler stage (V-3 ) rvil l
now rescnirtz to I44 \Ic. u'ithor-rt re-u'inding.

Next, remove the neoprene waterproof cover over
the microphone-earphone grill. This u'ill improve the
rnodulation. Now, locate the end of coil rvinding L-l
that connects to pin #1 of socket V-l (6050, orcll l"-
tor ). Unsolder this end of the u'inding, pull it through
the e-vclet of the coil form and unrvind three turns.
After unn'inding, feed the "r'ire back tlirough the eve-
let and solder to pin #1 of socket V-1, trimming off
the excess rvire.

The next step is to locate coil rvinding L-2 that
irttacìres to pin # I of socket V-2 (6050, doubler ). In
the same manner as before, disconnect the rvire, un-
rvind tu'o turns, and resolder. Coil L-3 is left "as is."
Coil L-4 m:r1'be removed, as it is no longer used.

A trrursmitter cn'stal betrveen 36 and 37 N,lc. must
be used for 2 rneter service. A replacement type
CR-14/U crvstal is expensive, and a lorv-cost hermeti-
cally sealed trpe F\l-1 crystal is recommended as a
substitute. This cn'stal may be obtained from Inter-
national Cn'stal \ lfg. Co., 18 North Lee St., Oklahoma
Citv, Oklahorna. TIie neu' F\f-l crystal may be se-
cured bv l ift inq the old pressure spring and sliding
the nen' crvstal into position. Solder the trvo rvires
to thc oriqinirl c'rvstal holdcr terminals. \Iake sure
the crvstal is not free to move abor.rt, or dropping
the CRC-7 nriqlrt fr ircture the crvstal. This completes
the t ransrr i i t t t ' r '  r r roc l i f icat ion.

Receiver Modificotion Identif l '  the r.vire running
for 2 Meters bet*'een detector coil L-5

irnd the transmit - receive
su'itch S-1. t.Ìnsolclt 'r '  tìr is u.irer at t l 're su'itch, pull back
to thi: coil, ln<ì uuu'ind one turn from the coil, leaving
l-1,/6 trrrns on the l ink. Route thc u'irc bi,Lck to the
srvitch, slip n piece of 

"spirghetti" 
tubing over the

u'ire, and resoldcr to tl ie oriqinirl su'itch terminal.
Next, iclcntifr. tì ie s' ire running ltetu'een coil L-5
rrnd pin #1 of detc.ctor socket \ '-5. Disconnect this
vvire at the sockct, and as before, r.rnu-ind one turn
from L-5, rrnd rcconnect the rvire end to socket V-5.
Tliis completes the receiver modification.

Antennq Modificotion For 121.5 Mc. operation the
for 2 Meters dipole antenna system em-

ploys trvo loading coils. For
best results on 144 \Ic., these coils must be retuned.
Unfold the antenna completely to the v.h.f. position.
Note that one of the vertical support rods of the an-
tenna structure is grounded to the chassis and the
other passes through an insulrrtor into the case. N{ark
near the appropriate coil (on the cap) the letters "A"

(for antenna ) and "G" (for ground ). Unscrerv the
vertical rods near the cap rvith a small rvrencli. Solder
ir one-inch loop of tvire across the two contacts near
the center of the antenna cap. Lift out the two load-
ing coils and remove all but one turn from the coil
marked "G". 

Remove all but trvo turns from the coil
marked'A". Replace the coils.

Nor,v, insert the coil of a grid-dip oscillator into the
loop of rvire. Nlake sure the antenna is fully extended
and clear of nearby metallic objects. Check the reso-
nant frequency of the antenna, rvhich should be close
to 145 N,Ic. If not, t'rdjust the coil "A" 

by spreading
or conìpressing the turns which should put the an-
tenna on frerprenc,v. Replace the antenna assembly.
Testing the Insert the F\{-1 crystal, and connect
Unit the batteries. Press the "transmit" 

but-
ton and listen for the cirrr.ier in a nearbv

teceiver. If no signal is heard on the proper fré-
qucnc\/, slou'Ì1' rinscrew thc slug of coil L-l unti l the
oscil l irtor stirrts operation. Peak coils L-1, L-2, and
L-3 for maximrrm received signal with the URC-4
antennir  fu l lv  extcnded.

To tune-up the receiver, press the "receive" 
but-

ton and adjust thc slug of coil L-5 until loctrl tu'o-
metcr signals are l.reiird. The slug should be almost
completely inside the coil form. Placing the cover
on the URC-4 rvil l  dctune the circuits, so Éoles should
be drilled at appropriatc plarces in the cover, and
final slug adjustments nre mtrde after the cover is in
position. Under proper conditions, the unit is capable
of trrrnsrnitting and rcceiving over distances up to
30 miles or more. Thc porver of the transmitter and
sensitivitv of t lre receiver arc u'ell miitched, and votr
shotrlcl bc able to u'ork anvone r,ou can heiìr.

Converting the MD-7IARC-5 Modulotor
for Amoteur Use

The \{D-7 rnodultrtor unit is readilv available on
the surplus markct and mrrv bc errsili, converted to a
75-u'trtt rnoclulator for thc ARC-S, or other transmitter,
mnning up to 150 u'rrtts inptrt. The \,ID-7 includes
tn'o 1625 modtrlators (12 volt 807's), a VR-150 voltage
regulrttor, ancl a 19J5 tone modlrlator for m.c.iv.
service.

Tlie ensiest 11';1y to adtrpt the rnodulator for gen-
errrl use is to strip the chassis of all components ex-
cept thc tube sockets, t l ie input trtrnsformer T-1, and
the outptrt transformcr, T-2. The modulator should
norv be rervired according to the diagram of figure
28.\ The circlrit is designed to be used v'ith a surnlus
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T O  T R A N S M I T T E R  P . A  S C R € E N
(COMMAi lD SETS ONLT)

Î O  T R A N S M I Î T E R  P . A  P L A Í E  C I R C U I '

s +  3 0 0 -  6 0 0 -  v o L T s

r  625

AoJUsr Ri FoR 4 voLrs ar
PlN I  oF T1 wlTH i l lcRoPHoNE
o u r  o F  c l R c u / 7 .  v a R Y  R 1  t o
CONTROL GAIN OF M/CROPHON€

K'r',i'o,o* | ílHlrì) l"v"l
^tA#lÌl l ' ." t l^\zoF"mío

/  n ì c , u e  n
K _ 5 4  R E L A I

Figure 29
K-54 reloy of BC-442 Antenno Control
Un i t  i s  mounted  on  o luminum p lo te .
Three cooxiol  receptocles ore used for
reloy terminols.  Coi ls moy be connected

for 6, 12, or 24,volts, d,c.

Figure 28
MODIFIED MD-7/ARC-5 UNIT MAKES

MODULATOR FOR AMATEUR USE
T-I ond T-2 ore originol tronsformers.

carbon microphone, such as the T-17. Adjust the slid-
ing tap on the cathode resistor to produce six volts as
measured across the microphone jack with the micro-
phone removed.

Rectifier V-I connected across pins #8 and 9 of
rnodulation transformer T-2 is a 

"varistor" that serves
as a protective device for the transformer. It is a
round, red unit with black caps, and is mounted be-
side the two large, black 15K wire wound resistors.
Pins # I and 3 are atop the modulation transformer,
T-2. The empty 12J5 socket can be employed as a
power socket.

Converting the Commond Tronsmitter
Reloy for Antenno Chonge-Over Use
When converting Command transmitters such as

the 'ARC-5" or "BC" series, the antenna switching
relay is usually discarded. This relay may be adapted
for either 6- or l2-volt rnobile operation.

The relay (identified as K-54 in the ARC-S units)
employs two series-connected coils. The pole pieces
pull the armature from both directions, so to speak.
The armature in turn moves a spiral-wound silver-
plated contact between the antenna and ground posts
of the transmitter.

Mount the relay on a small sheet of aluminum, as
shown in figure 29. It may be placed on one side of
a small chassis-box, Mount the spiral to one SO-239
coaxial receptacle, and permit the contact arm to
move between the old contacts which have been
soldered to two SO-239 connectors mounted on each
side of the movable arm,

As wired, the relay coils are connected in series
and work on 24 volts. To use the coils on 6 volts, wire
the coils in parallel with the magnetic fields aiding
each other. For l2-volt operation, merely connect to
one of the coils.

Converting the RM-52 (RM-53)
Telephone Unit to o Phone Potch

Two pieces of military telephone equipment
readily available on the surplus market are the RM-52
remote control unit, and the RM-53 control unit. Both
of these units contain a high quality transformer suit-
able for phone-patch sewice. The transformer carries
the military part number C-280A, and the manufac-
turer's part number 83718. The transformer has bal-
anced 600, 150, 250, and 4000 ohm windings, and is
well suited for many other devices, such as line match-
ing, isolation, impedance step-up, etc.

The phone-patch is built in a small aluminum case,
and wired as shorvn in figure 30. A simple r.f. filter
is placed in series rvith the telephone line to prevent
r.f. feedback. A d.p.d.t. toggle switch is used to dis-
connect the phone line and return the microphone to
normal use. Alrval,s disconnect the patch when it is
not being used.

To use the patch, turn on the control switch and
insert the phone plug in the receiver headphone jack.
If your receiver has a 500 ohm output, it can be
permanently connected to the 500 ohm terminals. At-
tach your crystal microphone to the microphone jack,
and run a shielded line to your speech amplifier. At-
tach the phone patch to the telephone line at the base
of the phone. Receiver output u'ill norv pass over
the phone line, and the phone *'ill modulate your
transmitter.

u r c - c - z a a a
T R A N S F O R M É R  F R O V  R V - 5 2

\ _ _ /
2  P O L E ,  2  P O S .  T O G G L E  S W T T C H

Figure  30
SCHEMATIC, PHONE PATCH MADE

FROM RM-52 TELEPHONE UNIT
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70 lNSERT

M I X E R  T U B E R E C E I V E R  I . F  C A N

C R Y S T A L
M A R K I N G  F R E Q U E N C Y

c h A N N E L  1 4  1 5 t . A 5

CHANNEL 45 453.70
c H A N N E L  3 2 6  1 5 2 . 7 7

c H A N N E L  3 2 7  4 5 4 .  t 6

SCHEMATIC,
455 KC

X I  .  L O w E R  c H A N N E L  ( s U c H  A s  4 1 )
X 2  -  H T G H E R  c H A N N E L  ( s u c H  a s  4 s )
L 1 - L z ' M / L L E R  t 2 - c t  4 5 5 K c .  t - F

F i g u r e  3 l
CRYSTAL FILTER FOR
,  I . F .  A M P L I F I E R

Moke o Single Sidebond Crystol Filter
for Your Receiver with Surplus Crystols!

The type FT-241A crystals (used with the BC-604)
are plentiful and cheap on the surplus market. These
crystals cover the range of 370 kc. to 500 kc. in 1.85
kc. segments. The crystals are used on their 54th har-
monic, and are marked 20.0 Mc. to 27.9 Mc. in 100
kc. jumps. Other crystals in the same range are avail-
able that are separated by a frequency difference of
1.39 kc. These crystals are marked 27.0 Mc. to 34.6
Mc. (Channels 270-346).

An efficient crystal filter may be made from four
of these surplus crystals. The one stage full-lattice
filter is shorvn in figure 31 and may be used in any
receiver having a 455 kc. intermediate frequency
amplifier. For everyday use it is not necessary to
match crystals. The filter will greatly increase the
selectivitv of the receiver, reducing the interference
Ievel and permitting better reception.

Anv trvo adjacent channels may be used that fall
in the i.f. range of the receiver. Channels 44 to 48,
and 326 to 330 all fall within the tuning range of
standard 455 kc. i.f. transformers,

Building the The layout of the filter is determined
Filter by the available space within your re-

ceiver. In general, the filter compo-
nents should be mounted on a small aluminum plate
having a small shield across the middle (on both the
top and bottom sides ) to separate the input and out-
put circuits of the filter. The filter should be located

Fioure  32
THÉ T-23 /ARC-s'V. H. F. TRANSMTTTER

Cooxiol  connectors J-30.|  ond J-302 ore ot
upper lef t ,  with connectors J-307 ond J-309
ot bottom of s loping front ponel.  R.f .  tuning
cdjustments of ompl i f ier stoge moy be oc-

compl ished through "door" on ponel.

between the mixer tube and the first i.f. transformer
can in the receiver. All interconnecting leads should
be kept very short. The lead connecting the mixer
tube to the transformer is broken. and the filter is in-
serted in this circuit as shown in the diagram.

Upon completion, tune a signal generator to the
center frequency of the filter. (If channel 44 and 45
crystals are used, tune the signal generator to 452.77
kc. A surplus BC-22I frequency meter will come in
handy). Peak filter transformers L-l and L-2 to this
new frequency as well as all the i.f. transformers in
the receiver. The insertion loss of the filter is only
about 6 decibels, so the addition of an extra tube to
boost the gain of the receiver is not required. The
filter may be used for s.s.b., a.m.-phone, and c.w. re-
ception.

ConveÉing the T-23/ARC-5 Tronsmitter
to 144 Mc. or 50 Mc.

The T-23/ARC-5 transmitter covers the v.h.f. range
of 100-150 lr{c. in four channels. It is a companion
piece of equipment to the R-28/ARC-5 receiver. To-
gether, these two pieces of equipment make up the
v.h.f. portion of the ARC-S radio set. The equipment
is designed to operate from a 24-28 volt d.c. pow-
er supply. The T-23 transmitter mounts in a MT-
69/ARC-5 rack. Power output of the transmitter is
10 watts into a 50 ohm antenna.

The transmitter channels cover the followinq fre-
quency ranges:

Channel A: 100-124 Mc.
Channel B: 122-146 Mc.
Channel C: 122-146 Mc.
Channel D: 132-156 Mc.

X r

X r

I

I

_l

X z
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The crystal frequency is 1/18 of the carrier fre-
quency in all cases. Front, top, and bottom views of
the unconverted transmitter are shown in figures 32,
33, and 35, and the schematic is given in figure 34,

Three of the transmitter channels (8, C, and D)
u'ill function on 2 meters u'ithout alteration. Channel
A is converted to 50 \Ic. lsix metersl . The tube line-
r rp of  the t ransmit ter  is :

1-f625 (V-301) crystal oscil lator
I-i625 (V-302) first harmonic generator
1-832A (V-303 ) second harmonic generator
1-8324 (V-301) r.f. amplif ier

The porver amplifier is plnte and screen modulated
by the sep:rrate \'ID-7IARC-5 modulator. This unit
is shou'n fully converted in another section of this
\'lanual.

In order to use the original tubes, a l2-volt f i lament
transformer is incltrded in the porver stipply unit, The
ARC-5 transmitter employs six d.c. relays. These are:

K-30l-Antenna changeover relay
K-302-Plate and screen voltase control
K-303-Nfodulator screen and key control
K-304-\lotor tuning control
K-305-Auxiliarl' plate and screen voltage con-

trol
K-306-\Iodulator plate and voltage regulator

interlock

All relays except thc antenna changeover unit
(K-301 ) arc removed in the conversion. Thc complete
conversior.r is outl ined in steps to cnsure that chnngc.s
are made properlv irnd ir.r the correct sequence. Check
off each steD as vou do it.

l-Cut the u'ires going to the coil of relay K-305.
Tape the leirds.

2-The rcd,/s'hite u'irer comins from one of the
terrninals of K-305 ìs cut, stripped, irnd soldered
to the top tcrn'rinirl of rcsistor R-315 (300
ohrns ). This resistol is in the cathode circuit
of the 832A an'rplif icr' 1\'-301). The top termi-
inal lurs ts-o glecn ancl u'hite r.vires attached
to it. Leave these s'ires in position.

3-Rcmove tl ie qrouncl c',,nnr.ct-ion from. R-315.
Tlre resistor no\\ ' scr\ '( 's onlr- as rr t ie-point.

-l-Slip the lurge, black 15.000 olinr resistor, R-329
(front of chassis ncar 1615 oscil lator socket)
olrt of its brackct. Sitve thc rcsistor.

5-Remove the tu'o u'ires from the birck end (to-
n'ard the cr1'stirl sockct) of tlrc lrracket. Ttvist
the rvircs together. Thev n'i l l  l tc attaclied to a
terminrrl strip in a later operation,

fi- lìcmovc R 317 (3,600 ohms-oriuìq(.. bhre', red)
fi'om thc' c'ontirct tcrminal of rcltu' K-ll0ll ancl at-
terch it to the back cnd of the i;,OOO ohm re-
sístor bracket.

7-Ren-rove tìie tu'o leads from the front end of the
f5,000 ohm resistor britcket and tie thcn-r to-
gcther. Thev u'ill be attaclied to a tern-rinal
strip in a later operation.

S-Ren-rove the green/u'hite rvire from the contact
tern-rinal of rcliry K-303 and attach it to the
fror"rt encl of thc 15,000 ohm rcsistor brrrcket.

9-Iìt 'plrtc'c thc 15.0ff) ohnt rt 'sistor in tl ic bri icket.
10-Rt 'nrovc thc '  t l i rec le ì tvs K-303.  K-302,  and

K-30i fronr the siclc of the c'l i lssis Do not re-
rnrtr.c tìre u'irc.s from the relavs,

Figure 33
TOP VIEW OF T-23/ARC-S WITH DUST COVER REMOVED

Amp l i f i e r  co i l s  o re  neo r  f r on t  pone l ,  nex t  t o  t un ing  mo to r ,  w i t h  832 -A
t r i p l e r  o t  r eo r .  Osc i l l o to r  cnd  mu l t i p l i e r  t ubes  o re  nex t  t o  832 -A ' s .  D r i ve
sho f t  f o r  r o to ry  t u r re t s  runs  o long  the  s ide  o f  omp l i f i e r  choss i s .  Eoch  832 -A

stoqe mounts in  removoble sub-chossis .
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( A )

1  6 2 5
O S C I L L A T O R
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P I N  I

R F C

500

R F C

24X

200

J 307
P I N  3

J 304
P I N  2

J 308
P I N  6

F igure  3ó
A-12-vol t  f  i loment  c i rcu i t  for  T-231ARC-5
B-New octol plug to reploce J-308
C-Bondswi tch ing motor  c i rcu i t  modi f  icot ions
D-Schemot ic  of  modi f ied r . f .  c i rcu i t

î î
l6?l
l - l

J 3 O 7  U S E D  F O R  M E T E R I

, I  -  E X C I Î E R  P L A T E  C I R C U I T

2  -  E x c r r E R  S c R E E N  c r R c u r r  r r R u  R g r g

3 - B L A N K

4 -  G R O U N D

5 - F r L .  C T R C U f î

6 . S C R E E N  C I R C U I T  8 3 2 A

7 -  B +  A M P L I F I E R .  ( M O D U L A T E D )

A - M O T O R  C I R C U I T

8 3 2 A
MULT/  PL /E  R

V 3 o 3  3

I  I  a r 2  C 3 a 3
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Figure 35
UNDER-CHASSIS VIEW OF T-23IARC-5 TRANSMITTER

Reloys K-303, K-302, ond K-305 ore mounted to side of chossis. Crystol
receptocles ore ploced between 1625 tube sockets.
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ll-Install a terminal strip having îive ungrounded
terminals in the space left by the removal of
the relays.

12-Attach the two wires removed in step 5 to one
of the terminals of the strip.

l3-Attach the two wires removed in step 7 to a
second terminal of the strip.

l4-Attach the two solid white wires going to relay
K-303 to a third terminal of the strip.

l5-Locate the yellow and white wire going to re-
lay K-302. Locate the blue and white wire go-
ing to relay K-305. Remove and solder these
wires together and attach to a fourth terminal
of the strip.

l6-Locate and remove the blue and white wire
going to relay K-302. Locate and remove tho
red, black, and white wire going to relay K-305.
Solder these wires together and attach to the
fifth terminal of the strip.

l7-Remove completely the red and white wire
attached to the coil of relay K-306.

l8-Disconnect the 20 ohm resistor-fuse (R-326),
and the red, green, and wlfte wire from the
ceramic end plate of relay K-306. Solder the
resistor and rvire together. Tape the joint.

l9-Cut the other trvo leads going to relay K-306.
Tape each end so they rvill not short out
against the chassis, or to each other.

20-Remove relay K-306 from the chassis. Install
a cable clamp to hold the cable next to the
side of the chassis. Install a terminal strip with
one ungrolrnded tie-point under the relay bolt.

2l-Attrrch the 20-ohm resistor to the tie-point.
22-l-308, the 7-pin plug on the rear of the chassis,

should be replaced with an B-prong male plug
for convenience. Remove the rvires one at a
time from J-308. Remove the rvire from termi-
nal #t and place it on pin #1 oi the tube
socket. Do the same rvith terminal 2. Continue
this procedure until all of the wires are trans-
ferred. Remove J-308 and mount the male plug
in its plirce.

23-Cut all the rvires connected to relay K-304. Re-
rnove from the chassis the 10-ohm resistor
iR-330, blou'n, black, black) and the 15 pfd.
capacitor associated with K-304. Remove
K-304 from the chassis, and in its place sub-
stitute a terrninal strip having one ungrounded
tie-point. T:rke the green and white wire from
the K-304 u'iring cable and attach it to the
terminal. Ttrpe the other wires separately for
insulation,

24-Install a lerrd connectins the wires on the
terminal strip to terminal 8 of receptacle J-308
on the front of the unit.

25-Locnte the tr.vo 0.002 pfd. bvpass capacitors
(C-329A, B) at the base of the tuning motor.
Disconnect the white lead, leaving the green

and white rvire connected. Tape the white
wire. Short together the two leads coming
from the motor. The motor windings are now
connected in parrallel instead of in series. The
motor will norv function on 24 volts. a.c.. rotat-
ing the coil nssembly rvhen 24 volts tr.c. is
applied to pin #8 of J-308.

26-Remove the black and lvlrite rvire from the
coil terminal of relay K-301, the antenna re-
lay. Ground this terminal. Tape the rvire,

27-'fhe sockets of \/-301 (oscillator) and V-3O4
(832-4 amplifier) need not be modified for
l2-volt filament operation. On socket V-303,
the two solid white wires should be discon-
nected and then attached to the terminal that
is occupied by the single black and white wire.
The terminal formerly occupied by the two
whites wires is now jumpered to the ground
terminal located next to it.

28-Now go to socket V-302 (1625 multiplier ).
Remove the green and white wire from pin
#7 and solder it to pin #1. Ground pin #7.
Check all connections. \Iodification of the
transmitter for 144 NIc. is norv complete. See
figure 36.

Tronsmifter Modificotion l-Remove tube V-303
for 50 Mc. (832-,{ tripler) from

the transmitter. Save
the tube for a spare.

2-Set the transmitter turret on channel D.
3-Remove the 20,000-ohm resistors (R-312,

R-313) and the 3 ppfd. coupling capacitors
(C-315, C-3f6) from the grid circuit of tube
V-304 (8324 amplif ier).

4-Run a jumper wire from pin #6 (grid termi-
nal) of socket V-303 (tripler) to grid pin #6
of socket V-304 (amplif ier).

S-Run a second jumper from pin #2 ( grid termi-
nal) of socket V-303 to grid pin #2 of socket
v-304.

6-Remove coil turret 2-301 (front turret for B32A
amplifier stage). Mark the channel D coil,
L-31r-D.

7-Remove the plate circuit winding, and replace
it with 19 turns of #18 enameled wire, close-
spaced. Replace the coil in the turret. The 50
Mc. conversion is complete.

A crystal having a frequency between 8.334 Mc.
and 9.0 LIc. is required for six-meter operation. Tube
V-301 is an oscillator doubler, producing output in the
17 NIc. region. Tube V-302 is a tripler to the 50 !Ic.
region and tube V-304 is a straight amplifier at six
meters.

It is possible to return to I44 Mc. operation by
replacing the buffer tube and reworking the grid cir-
cuit to the original configuration, If two-band opera-
tion is desired, there is no reason why a plug-in board
could not be adapted to replace the 832A buffer, in-
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Figure 37
A.C. POWER SUPPLY FOR

TRANSMITTER
T-23lARC-5

corporating the necessary 50 Mc. circuit changes. In
this fashion, one transmitter would serve for both six-
and two-meter operation. .)

Tronsmitter The transmitter may be aligned with
Tuning the aid of a small neon bulb. A tuning

wand may be made from a pencil. Re-
move the eraser from the end of a wooden pencil and
crimp the metal band with a pliers to fit the end of the
tuning slugs. Tuning may be facilitated if a drop of
penetrating oil is placed on the threads and allowed
to stand overnight. The slugs are at a high d.c. poten-
tial so it is necessary to wrap the pencil completely
with two layers of electrical tape for protection.

First, adjust the oscillator coil (turretz-3Ù2, center,
right side) for output at the third harmonic, Use a
nearby receiver as a monitor, or check frequency with
the aid of a grid-dip oscillator. Next, tune each buffer
stage for maximum brilliance of the neon bulb when
held near the plate lead of the tube in question. Check
for correct frequency tuning with the grid-dip oscilla-
tor. Channel D is best suited for operation at the high
frequency end of the I44lvlc. band.

Trqnsmitter Power The transmitter requires a
Supply power supply delivering 400

volts at 200 ma. for the plate
supply, 270 volts at 75 ma.,12 volts a.c. at 2.5 amperes
for the filaments, and 24 volts at 1 ampere for the
tuning motor. A suitable supply is shown in figure
37. Plate input to the amplifier stage is about 30
watts (400 volts at 80 milliamperes). Note: Turn off
the high voltage before you run the tuning motor, or

uTc s- 40 250 MA.

urc s-31
2 0 H

3 0 H  3 0 H
UTC S-27 UTC S-27

(FrL.)

rre
400 v

2OO MA

T R A N S M I Î
s w f  T c H

R Y I

B+
270V.

TOP VIEW OF

Plocement of mojor
for  l ineor  ompl i f ier

Figure 3B
COMMAND TRANSMITTER CONVERTED FOR
SINGLE SIDEBAND SERVICE

components is  shown in f igure 40.  Pi -network c i rcu i t
is  ot  r ight  of  chossis .  Uni t  shown is  for  BO-meter

*îiid
operotion.
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it is possible to blow out the 47-ohm resistor (R-316)
in the 832-A plate circuit.

Convert Your BC-458 Into o
Single Sidebond Tronsmitter!

The BC-458 is part of the SCR-274N radio equip-
ment. It is a compact v.f.o. transmitter, covering

the range of 5.3-7.0 Mc. (Navy version is the
T-2flARC-s). Four tubes are used in the transmitter:
1626 oscillator, 1629 "magic-eye" tuning indicator, and
two 1625 power amplifiers.

This Command transmitter may be easily con-
verted to a phasing-type s.s.b. transmitter for either

AUOIO ORIVEP
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! . rz tv t 9 MC.  OSC.
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Figure 39
SCHEAAATIC, SINGLE SIDEBAND TRANSMITTER

I
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AALANCEO UODULATON

C-ì-3 ppfd. This copocitor moy not be
necessory. Leove it out unless cor-
rier bolonce con not be set with
slugs of L- l  ond L-2.

C-2-Originol  osci l lotor tuning copoci-
tor,  ponel-dr iven

C-3--Originol  osci l lotor poddíng copoci-
tor

C-4-See coi l  toble
C-5, C-ó-140 ppfd.
C-7-1250 volt  mico podding copocitor,

3 0 0 - l 5 0 0 p p f d .
C-BA-B-C-D-ì 0-ì  0-10-10 pfd. electro-

lvt ic in metol  con.

FL-l-Borker & Wil l iomson type 350
phose-shift network.

T-l-20K to ó00-800 ohms. Thordorson
TR-Ì7, or Arrow Soles Co. type TR-
29.

T-2, T-3-l5K to 200 ohms. Thordorson
TR-25, or Arrow Soles Co. type TR-
29 (use Yz of secondory winding).

RFC-l-2.5 mh. choke
RFC-2-5 turns #18 e. wire oround 47

ohm, 2-wott composition resistor.
RFC_3_2.5 mh. ,,tronsmitting type,,

choke
See figure 43 for coil dota
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80- or 4O-meter operation. Either sideband may be
transmitted, and the completed transmitter includes a
high stability v.f.o. Peak power output is about 100
rvatts rvhen a 1000-volt plate supply is used.

The Sidebond The complete circuit of the convert-
Circuit ed command transmitter is shown

in figure 39. The original oscillator
tube and circuitry (V-10) is retained, as well as the
1625 amplifier tubes and sockets (V-8, V-9). The
sideband signal is generated at a crystal controlled fre-
quency of 9 Mc. Tubes V-1 and V-2A are the audio
stages that develop sufficient voltage from a crystal
microphone to drive phasing network FL-l prop-
erlv. The two irudio output signals from the net-
work are further amplified by tube V-3 and applied
in series with the r.f. output of the 9 Mc. crystal
oscillator through circuits ^12-LL 

and T3-L2. Two
r.f. signals are available at points "A" 

and "8". Each
signal is amplitude modulated, but of a different r.f.
phase. These trvo signals are applied to the diode
balanced modulator (V-4, V-5) through two balanc-
ing potentiometers, R-2, and R-3. The signal de-
veloped in the output circuit of the balanced modula-
tor (L-4) is a single sideband signal at 9 N{c. The ac-
tion of the modulator has balanced out the carrier
and one sideband, leaving the desired single side-
band. Reversing switch S-1 will change the sideband
appearing at the output of the balanced modulator.
This signal is amplified by V-6.

The 9 NIc. signal must now be changed in fre-
quency by a mixing process to the desired output fre-
quency in either the 8O-meter or the 20-meter band.
This is done by combining the 9 Mc. sideband signal
with the 5 ìvlc. output signal of the variable fre-
quency oscillator, V-10. Mixing is done in tube V-7.
Twenty-meter output is a summation of the two sig-
nals (9 Mc. plus 5 Mc. - 14 Mc.) and eighty-meter
output is the difference of the two signalp ( 9 Mc.
minus 5 Mc. - 4 Mc.). Both signals appear in the
plate circuit of Y-7, and the desired signal is obtained
by tuning the circuit C-4-L-7 to either 20 or 80 meters.
Data for this circuit for either band is given in figure
43,

The final step is to amplify the s.s.b. signal to a
usable level. This is done in the linear amplifier,
V-8, V-9. When operated at 1000 volts plate potential,
s.s.b. peak output is over 100 watts, dropping to 20
watts at 300 volts. The transmitter is placed on the
air b,v energizing V-7 when switch S-2 is closed.

V.f.o. operation is obtained by tuning capacitor
C-2. The range of 5.0-5.4 Mc. covers the 20-meter
band (I4.0-I4.4 Mc.), and the range of 5.2-5.0 Mc.
covers the 8O-meter band (3.8-4.0 Mc.). It is a sim-
ple matter to increase the setting of the oscillator
pndding carpacitor C-3 to lower the oscillator fre-
quency to 5.0 Mc. at the low frequency end of the
dial.

Converting the The first job is to strip the
Commond Tronsmitter Command transmitter of

all the parts you do not re-
quire. Refer to figure 2 for rviring diagram of orig-
inal transmitter. Remove rill of the original wiring
below the chassis except the 1616 oscilÉtor circuii
Remove R-71, C-64, C-66, K-53, C-62 and R-76, Also
remove C-65. Leave crrpacitor C-Gl. The amplifier
capacitor (C-67) of the tuning gang is removed, and
a new tuning shaft for oscilltitor tuninq capacitor C-63
is made from the knob and sh,rft fròm ihe variabÌe
link coupling coil above the chassis (part of T-S4).
Above the chassis, the loading coil, anteìna relav. and
plate coil T-54 are removed.

The new parts, tube sockets. rrncl other com-
ponents are now laid out atop the chrrssis, as shown
in figure 38, and the chassis is drilled. A nerv alumi-
num panel is placed over the old front panel of the
transmitter. At the rear of the chirssis rr miniature
coaxial receptacle (J-2) is mounted, and the original
power plug is removed and an 8-pin socket ,,ìbrti-
tuted. Also mounted on the bacli apron is a hish
voltage terminal (Millen). Placemeni of t lre com-
ponents is indicated in figures 40 and 41.

Wiring the S.S.B. The fi lament circuits are wirer-l
Tronsmitter first. Next, the oscillator coil

( L-3, figures 39 and 40, olcl
T-53, figure 2) is rvired. Terminal #5 of L-3 is at-
tached to capacitor C-61, and the opposite termínal

V 6
I  2 B A 6

v 1  1 2 4 T 7
A U O I O

v 3 , 1 2 A U 7  V 2 , 1 2 A U 7
A U O  C  D R  V E R  A U O ] O ,  X T A L  O S C

n À S !  S .  I O P  v t E W

F iqu re  40
Plocement  of  poi ts  on chossis ,  top v iew

A C E M  E N T  O F  P A R Î

F i g u r e  4 l
Ponel loyout ond coi l  connect ions, L-3

t_ T_ r_
l r t L t 2  3r r l

/ 1 6 2 5 \  /  \
\ v8 , /  t -  a -  / -

C O N N E C T I O N S ,  L 3
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of C-61 is grounded. The "hot" terminal of C-61
wired to the l2-volt filament circuit. Pins #1"
and 7 of L-3 are left empty.

The next step is to wire the audio stages and the
audio filter. Nlount the )í-watt resistors and ceramic
capacitors directly on the socket pins to conserve
space wherever possible. Capacitor C8A-B-C-D is a
four-section can mounted to the chassis, and balancc
control R-5 is on the chassis deck, above R-4. Because
of restricted space, R-5 is a subminiature control, only
X" diameter (CTC trJpe "Mini-pot").

Now, wire the crystal oscillator, balanced modula-
tor, and 9 ,Vc. amplifier stnges. Wind coils L-L, L-2,
L-4, and L-5 according to the data of figure 42.
Nlount I IvIc. crystal X-1 to the inner wall of the
chassis by means of a small aluminum clamp, Capa-
citor C-I is merely the capacitive coupling betweerr
coils L-l and L-2, which are separated about one
inch, center to center. The leads from the link coils
to potentiometers R-2 and R-3 are twisted together.
Silver mica capacitors are employed across L-I, L-2,
L-4, and L-5, and also across L-7.

Finally, rvire the mixer, V-7, and the 1625 amplifier'
stage. Plate coil L-8 is supported at one end by th.e
stator of loading capacitor C-6, and at the opposite
end by the 500 ppfd. TV-type coupling capacitor,
which is mounted on a small metnl bushing betq'ee'n
the 1625 sockets. Choke RFC-3 is placed beiu een the
capacitor and the oscillator shield, as seen in the ton

L-' l  ,  L-2, L-5, L,é-25 turns f i22
tuned fo rm,  5  /  ì  ó "  d iom.  L ink"cold end"

L -3 - - -O r i g i no l  osc i l l o t o r  co i l ,  see  f i gu re  4 l
L -4 -8  t u rns  $ ìó  e . ,  s l ug - t uned  f o rm ,  5 /16 "  d i om.

Link,  I  turn ot  center
L -7 -3 .5  Mc .  39  t u rns  f i 26  e . ,  s l ug - t uned  f o rm ,

5 /  |  6"  d iom.,  tuned by ì  50 ppfd.  copoci tor
r c - 4 ) ,  l 4  M c . , 2 5  t u r n s  # 2 2  e . ,  s l u g - t u n e d
fo rm ,  5 /16 "  d i om. ,  t uned  by  56  pp fd .  copoc i -
t o r  (C -4 ) .

L -8 -3 .5  Mc .  46  t u rns  f t 2O ,  l ó  t u rns  pe r  i nch ,  l "
d i o m .  ( 3 .  &  W  3 0 ì 5 )  1 4  M c .  1 2  t u r n s  r t 1 4 ,
l "  d i o m . ,  |  -  5 / 8 "  l o n g .

Figure
COIL  TABLE FOR EXCITER

view photograph. Capacitors C-5 and C-6 are mount-
ed to the front panel, with their rotors grounde<l
to the panel. A short length of coaxial line is run
from capacitor C-6 to coaxial receptacle J-2 mounted
on the rear of the chassis. Ground the outer shield
of the line at both ends.

As a last step, check all your wiring against figrrre
Jì ' .

Adjusting the S.S.B. Adjustment of this transmit-
Tronsmitter ter is done in steps. First,

plug in all tubes and deter-
mine that the fi laurents operate rvhen 12.6 volts is
npplicd bets'ecn thc fi lrrmcnt pin and ground of the
porver plug. Rcmove all tubcs except the oscillator

is
6

e. wire,  s lug-
4 turns over

43
S  S . B

Figure 42
Under-chossis  v iew of  S.S.B.  t ronsmit ter .  Audio system components occupy
spoce of  o ld ompl i f ier  tonk copoci tors.  Coi ls  L- l  ond L-2 ore mounted
behind one 1625 tube socket .  neor  center  of  chossis .  Cooxio l  leod runs

f  rom C-ó to cooxio l  output  jock J-2 on reor  of  chossis .
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tube V-10 and the regulator tube, V-11. Apply 300
volts to the trtrnsmitter and check v.f.o. operation by
listening to the 5 \{c. region in a nearby receiver.
Acljust capacitor C-60 (atop the chassis, see figure 2)
to bring tlie 5,3 \Ic. dial point down to 5 Mc. Now,
plug in tube V-2 and listen at I Mc. Adjust the slug
of coil L-2 until the crystirl stage oscillates.

Yon norv nced an nudio oscillator for the next acl-
justment step. A high quality, low distortion oscilla-
tor (such as the Heathkit AG-10 or AG-9A should be
emploved ). A lorv level, 1200 cycle audio signal is
injected in microphone jack J-1. Coils L-4, L-5, and
I-6 are peaked for maximum 9 Mc. signal as measured
u'ith :r viÌclrum tube voltmeter connected from pin
#5 of socket V-7 to ground, or with a antenna lead
of a nearby receiver held close to pin #5.

As lone as the audio signal is applied, a signal
at thc sidcband fre<ltrencv u'ill iìppeitr in circuit C-4-
L-7. [,et us iìssrlme, iìs iul example, that this circuit
is tlrned to B0 meters. Tune your receiver to 80 meters
and listen for the signal. You will hear a signal,
modulated s'ith thc 1200 cycle tone at a frequencv
that is the difference betu'een 9 lvlc. (the crystal fre-
rluency,) and the frequencv of the v.f.o. Adjust L-7
for maximum signril. Next, turn off the audio signal,
and adjust carricr baltince potentiometers R-2 and
R-3 for rninimum signal.

Tlie audio baliurce controls and coils L-l and
L-2 irre best adjusted rvith the aid of an oscilloscope
using "rippler" ptrtterns. These adjustments are cov-
ere'd in detail in the Reoro l{-lroeoor ( nublished bv
Edi tors rLrrd Errg incc ls .  Srrmmcr lLrnd.  Crr l i f . ) .  or  in  the
Hirndlrook Singlc Sídcbund for Radio Amateurs, pnb-
lisl ied br.t lre Amcrican Radio Relay League. In brief,
t l ie ve'rt ic'al pli i tcs of t l ic 

'scope 
tube are l ink-couplcd

to coil L-ti, and oscillator tube V-10 is removed. leav-
ing onlv thc 9 N{c. signal input to V-7. The 'scope

pattern u'ill have :i modulation "ripple" 
upon it.

Listening to the 9 \Ic. signal in a nearby receiver rvill
allow you to l"rear the 1200 cvcle audio tone impressed
upon the speech svstem. During adjustments, the
audio level should be helci irs lou' as possible to pre-
vent overloading the phasing svstem of t l ie transmit-
ter. Couple tlie rcceiver to coil L-6 and leduce the
gain to prcvcnt overloacling. \rxr', adjust balance
controls R-5 and R-4 for milin'nrnt "ripple" 

on thc'scope 
patteln. AIso adjust the slugs of coils L-l and

L-2 for minimum ripple. Kecp the audio level as
low as possible, trnd go over the adjustr.nents several
times. Also rebalance the cirrrier ltalar-rce controls R-2
and R-3 for minimum pattcrn. lìeve-rse sideband
srvitch S-1 rrnd recheck 1'our adjustntents. You shoulcl
strive to obtain minimum "ripple" rt 'qrrrclless of the
setting of srvitch S-I. Once this poirrt hirs been
reached, disconnect the audio qcnerrìtor and 

'scope

and connect u microphone to J-1. You should hear a
clean s.s.b. signal at 9 \,Ic.
Lineor Amplif ier Plug in the 1625 tubes and applv
Adjustment about -18 volts bias (use flash-

lislrt batteries or small "C" bat-
teries ) and jurnper high voltage tern'rinal P-l to tt:e
250 volt supply, plrrcing 250 r,olts on the plate circuit
of the tubes. Resting plate current n'ill be about 90
milliarmperes or so. Unbalance carrier control R-2 or
R-3 and you rvill obtain an B0-meter carrier in the
plute circuit of the linear stage. You cAn no\\r resonate
iurd tune this stiige like anv otliel amplifier. For B0-
mcter opcration, cirpircitor C-7 n-mst be placed across
the output jack J'2. Thc vlluc of t lr is c' irpircitance
dcpcnds upon tlre ir.npeclrrnce' of t l ie i intenua svstem,
iind rvill varv betrvee'n 300 rrpfd. nnd 1500 ppfd. As a
starter, parallel tn'o scctions of a broirclciist-tvpe vari-
able capacitor and use it for C-7. Sct it irt maximum
capacity.

Figure 44,,COMMAND"

TRANSMITTER MAY
EASILY BE

CONVERTED INTO
H I G H  P O W E R  S . S . B .
L I N E A R  A M P L I F I E R

250 wotts peok power is
run by inexpensive ìó25
tubes (center).  Voltoge
regulotor tubes ore ot

reor of chossis.
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After vou havc become familiar rvith operation at
250 voìts, voLr can boost the plate voltage to 1000 voìts
or so. Tl-re bias voltage for the 1625 tubes should be
rrrised until the no-signnl pl:rte current is about 35
ma. at 1000 r'olts. For other plate voltage values, the
bias should be adjustcd so that the product of the
voltiìge and the no-signal plate current results in a
po\\,er inpr-rt of 35 s'atts to the tl'o tubes. Under full
voice input signal, tl're plate current r,vill kick up to
120 mill iamperes ol so.

Conver t  Your  Commond Tronsmi t ter  to  o
S.S.B.  L ineor  Ampl i f ier

The Command transmitter n,akes an excellent
lincar rrmplifier for ,10- or S0-mcter operation, capable
of lunning rr peak po\\'er input of 150 t'atts. It makes
a good linear amplifier for the l0A or 20A sideband
c'xcitcr, or for any s.s.b. excitcr ciipable of deliverinq a
feu' n'irtts of porver in the 40- or 60-meter amateur
bnnd.

For S0-rnetel opcr:rt ion, the 3-'1 \lc. (BC-696, or
T-19 ARC-5)  or  t l ic  "1-5.5 \ lc .  (BC-457,  or  T-20 '
ARC-5) trirnsmittcr mriv be usecl. For 40 rneters, the
5.3-7 \ lc .  ,BC-,158,  or  T-21 ARC-5)  or  t l re  7-9.1

Fiqure  45
S C H E M A T I C ,  S . S . É .  L I N E A R  A M P L I F I E R

MADE FROM A "COMMAND"

TRANSMITTER
C- l-300 ppf d. Bud MC- I  Bó0
L-l-Adjust to tune to output frequency with

C - l  n e o r l y  f u l l y  m e s h e d .  A i r - D u x  ì ó . l 0 ,
or B&W 3907-l  coi l  stock (2" diom., l0
tu rns  per  inch) .  Ad lus t  on tenno top  fo r
op t imum lood ing

RFC- l -2 .5  mh.  choke " t ronsmi t t ing  type . "

ffi

Fígure 46
U N D E R - C H A S S I S  V I E W  O F  S . S . B .  L I N E A R  A M P L I F I E R

Screen res is tor  R- l  is  mounted to reor  of  chossis  obove the vol toge regulotor
tube  socke ts .  P lo te  t un ing  copoc i t o r  C -  ì  i s  od  j us tob le  t h rough  s ide  o f
choss i s .  Sh ie lded  w i re  i s  emp loyed  fo r  f i l omen t ,  sc reen ,  ond  b ios  l eods .
Tuning copoci tor  neor  d io l  is  not  used,  serv ing only os o beor ing for

extension dr ive shof t .
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VIc. (BC-459, or ^î-22,1ARC-5) 
transmitter may be

used. Power requirements are 12.6 volts at 0.9 am-
peres, 350 volts at 35 ma., and 500 to 1000 volts at
150 ma. plate potential.

Conversion to S.S.B. This conversion entails the
Service removal of the oscillator and

auxiliary equipment, and the
conversion of the oscillator coil to form an amplifier
grid coil. Voltage regulator tubes are added to the
screen circuit of the final amplifier. A new amplifier
plate circuit is also required.

The first step is to remove the unwanted com-
ponents. Beneath the chassis, remove R-71, C-58,
C-64, and all small components on the three rear tube
sockets. Remove R-75, R-76, and auxiliary padding
capacitor C-67. Remove relay K-53, and resistor R-78.
Above the chassis, remove the antenna relay K-54 and
the loading coil. Remove the plate coil T--54 and the
rotary link control. Remove all loose leads and
rvires.

Wiring the A schematic of the converted
Lineor Amplif ier Command set is shown in figure

45, and top and bottom photo-
graphs are given in figures 44 and 46. A five-prong
socket replaces the rear power receptacle, J-64. The
VR-150 and VR-105 regulator tubes are placed rn
two empty octal sockets at the back of the chassis.

Tap #1 on the old oscillator coil (T-53) is userl
as the r.f. input circuit for the amplifier. Excitation
mav be controlled bv tuning the main dial o{ the
transmitter for greatest grid drive. The plate circrrit
of the linear amplifier uses a new tuning capacitor,
C-1. The old, ganged capacitor is not used, but is
retained to act as a bearing for the oscillator tuning
shaft.

Plate coil L-l is mounted above the chassis as
seen in figure 44. It should be pruned so that reson-
iìnce on 80 meters occurs with C-l almost fuJlv
meshed, and 4O-meter resonance occurs with C-l
aboutTí% meshed. The antenna tap on L-l is connect-
ed to a coaxial receptacle mounted on the front pancl

of the amplifier. An external 0-250 ma. d.c. milliam-
meter may be placed in the B-plus lead for tune-up
purposes. Pins #6 and #7 of each 1625 socket arè
grounded to the metal shell, and the "hot" 

filament
line is bypassed with a 0.01 r,fd. ceramic disc capaci-
tor, Pin #3 of each socket is also bypassed to the
metal shell with a similar capacitor.

Lineor Amplif ier Bias voltage is applied to the
Operotion amplifier, and the 

- 
B-plus lead

is temporarily connected to the
350 volt_ supply for tune-up purposes. Bias voltage
is varied (about -18 volts) untíl the no-signal plate
curr-ent oJ the amplifier is about g0 milliamperes. A
small s.s.b. signal is applied to the input and the tun-
ing dial varied until a rise in the plate current of the
amplifier is noted. It may be necessary to adjust pad-
ding capacitor C-60 or the slug of coii T-53 io obtain
resonance. Plate tuning "apacitot C-l is tuned for
plate circuit resonance, and the tap on coil L-l is ad-
justed for optimum antenna loading. Resistor R-l
should be adjusted for about 30 ma. oif regulator tubc
current. When the amplifier is operating properll,,
the 1625 plate voltage may be raisèd to a maximum
of 1000 volts. Bias sliould be adjusted to provide a
no-signal plate current of about 35 ma. únder full
excitation, maximum average plate current rvill be
about 125 ma., providing a s.s.b. input signal of about
300 peak watts. The antenna tap on coil L-l may be
readjusted at the higher value of plate voltage for
optimum antenna loading.

Using the Western Elect r ic
7Ol-A Terrode

The large \Vestern.Electric 701-A tetrode is avail-
able on the-surplus,market for a lou,pricc. The phy-
sical size of the tube (Tó" high, 4t!,' diameter) ìug-
gests that it rvould make a good high po\\'er r.î. aÀ-
plif ier. The tube is a tetrode intenclecl for ltLrlse modu-
lator operation. It has an indir.ectlr ìteatcd cathode.
rví th t l rc  p l i r te  termin i r l  o f  the t r rbe . r t  t l re  ton of  the
glass bulb. Connections to the terminirls and the
outline of tlie fube are shou'n in figure -17. A modified
Western Electric 153A socket mirv bc rrsed, or the
experimenter can easily bnild his ou'n socket, ,The

tube should be mounted in a r.crticrrl position, and
there should be a free circrrlr it i 'n of ir ir around the
glass envelope.

The pulse modulator ratinqs of t l.re tube are:
Heater \-oltage. 8.0 r.olts. ir.c. or d.c.
Heater Current, 7.5 arnpe'res.
N'Iaximum plate voltiree (ptrlse), 12,b00 volts.
N,Iaximum screen voltagc , 'pulse), 1,200 volts.
Average plate currcnt (pulse), B0 ma.
Peak pulse plate currcr.rt, l0 amperes.
Plate dissipation (pulse ). 100 rvatts.
Screen dissipation (pulse), 15 rvatts.
The suggestt:d cli iss-C operating conditions for

amateur service are:

2l
3 2

Figure  47
OUTLINE DRAWING OF W,E .  70 I -A

VACUUM TUBE, SHOWING TERMINAL
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Figure  48
SCHEMATIC,  MODIFIED BC- I  253

METEOROLOGICAL TRANSMITTER

Filament voltage, 7,5 volts.
Filament current, 7.0 amperes.
Plate Voltage 2000 2500 3000 3500
Plate current 350 300 250 250
Power Input 750 750 750 875
Plate dissipation 220 200 f60 L75
Screen voltage 400 400 400 400
Screen current 40 40 40 40
Screen dissÍpation 20 20 20 20
Grid voltase -150 -150 -f50 -150

(volts)
( *a.
(watts
(watts
(volts
( ma'
( watts

(  * u . )
used as a
from ex-

(vol ts
Grid current 1,5 t5 15 15
Note: It is suggested that a 6Y6-G be

screen clamper tube to protect the 701-A
cessive screen dissipation.

Inter-electrode capacitances :
Input
Output
Grid-plate

15.6 ppfd.
8.5 r,pfd.

0,16 prfd.

Converting the BC-l253 to o
Sensitive Rodio Control Receiver

The BC-1253 meteorological transmitter, available
in quantity in the surplus stores can easily be con-
verted to an excellent radio control receiver, featuring
high sensitivitv, good stabiìity, and light weight. The
receiver is suitable for use in model airplanes, boats,
etc. The BC-1253 r'"'as originally used inlveather bal-
loons to send upper-:rtmosphere r,veather information
back to earth. Tlie transmitter is contained in a smaìI.
strong cardboard box that is attached to the soundinq
balloon. A lightweight battery pack accompanies the
transmitter on its flisht into the heavens.

The BC-1253 emplovs a single 955 acorn triode
tube as a milliwatt oscillator, ivith the socket of the
oscillator built into the end of a silver-plated tank
circuit. The converted circuit of the oscillator is
shorvn in figure 48. Note that the only steps necessary
for the conr.'ersion are to remove the unnecessary com-
ponents, chtrnge the value of the 955 grid resistor, and
make the rviring changes shown.

Conversion to o Rodio The original transmitter
Control Receiver circuit uses several con-

nections on a socket strip
that it is mounted on. All connections to this strip are
removed. To do n neat job, the contact pins should be

- 1 . 5 V .  + 1 . 5 V .  - 1 3 5 V .  + 1 3 5 V

Figure  49
S C H E M A T I C ,  M O D I F I E D  B C - I O ó ó  I . F . F ,

TEST SET

drilled off and the space provided used to mount the
additional parts. It is necessary to add a 3-30 ppfd.
variable compression trimmer capacitor across the
tuned circuit line. It will be necessary to slide the
trimmer up and down the lines while adjusting the
capacitor to hit the 2 meter ( 144 lvlc, ) amateur bancl.
Varying the antenna tap and the tuning capacitor will
permit the detector to remain in oscillation across the
complete band.

A super-regenerative detectol circuit is employed
for maximum sensitivity. For optimum results, the
plate circuit relay ( Sigm:r t,vpe 4F ) should be set to
pull in rrt 1 milliampere of plate cr-rrrent. This can be
checked by connecting the relav coil in series rvith a
50K potentiometer, tr 45 volt battery', and a milliam-
meter. Adjust the point spacing of the contacts and
the spring tension so that the relay pulls in at about
I milliampere, nnd drops out at about 0.8 ma. Nolv,
insert the relay birck into the receiver circuit and ad-
just the variable plate voltage control until the relav
pulls in. Next, back off slightly on the control until
the relay drops out. A nearbv 2-meter r.f. signal
picked up by the receiver should now cause the relay
to pull in. Adjust the irntennil tap for maximum re-
ceiver sensitivitv.

Converting the BC-l06ó to o
144 Mc.-220 Mc. Receiver

The BC-1066 Test Equipment is a dual v.h.f. oscil-
lator intended to check the operation of the SCR-695
*I.F,F." radio equipment. The BC-1066 consists of two

6 7 . 5  V
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super-regenerative detectors, tunable over the two
I.F.F. bands. The weak pulses of the detectors were
picked up by the I.F.F. set, which responded by re-
turning a series of coded pulses which could be heard
by the receiver portion of the BC-1066. This inexpen-
sive surplus item consists of two type 957 acorn triode
tubes used as v.h.f. detector-oscillators, and a 1D8-GT
audio amplifier. The two tuned circuits are tunable
over ranges close to the I44 Mc. and 220 Mc. amateur
bands. A panel srvitch (I-band: G-band) selects the
audio output of either detector. The audio is ampli-
fied by the IDB-CT tube.

Conversion to o The BC-1066 can be converted to
V.H.F. Receiver a sensitive receiver for the ama-

teur 144 Mc. and 220 Mc. bands.
The original circuit of the unit is shown in figure 49.
It is only necessary to unground the end of each r.f.
choke in the 957 circuits. In series with this choke,
connect a 10 megohm, )l-watt resistor to ground,

The G-band receiver can be tuned up to the 220
N{c. band by adjusting the padding capacitor, and the
I-band receiver rvill tune to 144 Mc. rvith a simple
adjustmcnt of the padder capacitor. The BC-1066
draws onlv a small amount of current, and a size D
cell, plns trvo small 67)í-volt batteries rvill last for many
months. It is an excellent receiver for "Field Day"
or iìny porterble v.h,f. use. Trvo )í-rvave whip antennas
mounted ntop the case and link coupled to the respec-
tive tr-rned circuits rvill be satisfactory for portable
rvork.

Conversion oÍ R-9/APN'4 for
I l5 Volt A,C. ó0 Cycle Operotion

R-9/APN-4 makes a good 160 meter receiver when
converted for 50-60 cycle operation. The receiver op-
erates on four preset channels, any one of rvhich can
be selected by the main channel switch. In this conver-
sion, the power supply is adapted for operation from
your light line, and the receiver is modified for opera-
tion rvithout auxiliary equipment. The 1400-volt supply
in the receiver for the Loran'scope tube is not used.

Receiver Section Check off each step as you do the
Conversion conversion.

l-Remove J-f04 (red) from the
panel and install a phone jack in its hole. Solder
the center u'ire of the coaxial cable to the tip con-
nection of the jact<.

2-Rerr-rove the rvires from the 
"Filter In-Out" srvitch.

Splice the rvires together near the 6SL7 socket.
Tape the rvire joint,

3-Cut arr'i,ry the rvire betrveen pin #8 of 6SN7 socket
and pin #t of 6SL7 socket.

4-Remove J-103 (blue) but leave its *' ire. Install in
its hole a 3K potentiometer. Connect the rvire to
the center terminirl of the potentiometer, and
ground one other terminal. This is norv the audio
volume control.

Power Supply Section l-Remove J-102 (yellow)
Conversion and switch 5-103 (line

voltage ).
2-Remove the rvires between pins #3 and #4 ol

J-106 and the power srvitch.
3-Unsolder the black rvire (rvhich goes to terminal

#l of T-105) from strrndoff insulator and resolder
to terminal #3 of J-106.

4-Remove the white v'ire from terminal #3 of T-105
and connect terminal #3 of T-105 to pin #4 of
J-106. Tape the end of the *'hite rvire.

S-On T-105: Nlove blue (blue-red on Rg-B receiver)
wire from terminal #2 to terminal #3. Solder
other end of this wire to end-lug of spare fuse
holder.

6-Connect side-lug of spiue fuse holder to one side
of old 

"Filter 
Out-In" switch. Solder rvhite wire

rvhich rvent to S-I03 to other tcrminal of old
"Filter 

Out-In" switch.
7-Remove blue rvire from end-lug of F-101 and con-

nect in its place the white-black lead rvhich used
to go to the line voltage switch. Tape the blue
wire end.

8-Remove the voltage control potentiometer R-121
together rvith its series resistor and re-insttrll in old
line voltage srvitch mounting hole. Ground the
loose end of resistor R-128.

9-\Iove red-black wire from terminal #2 of T-I04
to the point on the terminal board where blue
(blue-rcd on R9-B receiver) rvire from R-121
originallv terminiited (see step 5). Solder the
other cnd of this red-black ri'ile (find correct one
of tu'o) to potcntiometer R-121 in its ner'" ' Iocation.

l0-Connect center termintrl of R-l! l to point on ter-
minal boerrd rvhere green rvire 'rvrrs connected.

l l-Install srvitch 5-103 in J-102 holc-. Run n'ire from
the center terminals to tenninal =11 of T-104.
Connect los'er pair of terminrrls to 

"liot" 
lug of

pilot lamp receptacle.
l2-Protection from heavy current sulqe. rnust be used

in series rvith primarv s'incìing of porver trans-
ormer. Place three 200-u'ertt. 1Ì,1 volt l ight bulbs in
series u'ith the l ine, using printarr- terminals #1
and #3. Sarfe operatinq voltage for the transform-
ers is indicated bv a voltirgt' of 5li across terminals
#12 and #13. Ninetr'-eisht to 100 volts should
be indicntcd across ternriniLÌs :l and #3 for sood
operation.

Conver t ing the MBF Tronsmi t ter -
Receiver Íor 6 Meters

The Navv \IBF trarrsrnitter-recciver (Navy type
COL-43065 ) is desiqnccl to opcrirte in the 60-80 \,Ic.
range. It u' i l l  operate frorn 115 r'olts, a.c. or d.c. The
\{BF has crvstal contlollcd rccc-iving and transmitting
channels, btit nral br: c'onverted for manual receiver
tuning. The schernatic of the \IBF is shorvn in figure
50. The follos'ing tubcs irrc r.rsed, u'ith their filaments
connected in series-parirllel across the 115 volt line:
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Figure  5 l

A-Modif ied osci l lo lor c ircui t  for MBF receiver sect ion
B-Modif  ied r . f .  c i rcui t  for MBF receiver sect ion
C-S-meter ci  rcui t  modif  icot ion

Transmitter tubes
V-101-Transmitter oscillator, 6C4
V- IO2-Frequency multiplier, 6C4
V-l03-Second multiplier, 6C4
V-104-R.f . power amplifier, 28D7

Receiver tubes
V-108-R.f. amplifier, 6AK5
V-l09-N,Iixer, 6AK5
V-110-5.3 N'Ic. i.f. amplifier, 6AK5
V-l11-5.3 Nfc. i.f. amplif ier, 6AK5
V-lf2-5.3 trfc. i.f. amplif ier, 6AK5
V-113-Injection frequency multiplier, 6Cl
V-114-Injection crystal oscillator, 6C4
V-115-A.v.c. amplif ier, 6AQ6
V-116-Second detector. 6C4
V-1 l7-Squelch :implifier, 6AQ6
V-123-Noise l imiter, 6C4

\'Iodulator and Pos'er supply
V-105-A.f. nmplifier, 6AQ6
V-106-A.f. drir.er, 6C4
V-107-\Iodulator. 28D7
V-1l8-Rectifier. 252;6
V- I 19-Rect if ie,*. 2ó26
V-190-\lodulirtor, 28D7
V-191-Not usccl
V-122-Rcìru' rcctif ier, 6C4
V-124-Relav rectif ier, 6C4

Receiver Modificotion First, remove the N{BF from
for 50 Mc. Operotion the case, and set it on end

s'ith the receiver section up.
Remove the scrervs and cover '"r,hich is over the first
trvo receiver stages. The long bar on the back should
also be removed. This bar connects the receiver
chassis to the transmitter clrassis. There are also sever-
al bolts holding the receiver chassis to the main chassis
rvhich should be rernoved. Pìace all of the nuts. bolts.
and u,ashers in a safc place as \.oLr u'ill need them
later. Nou' the receiver chassis is loose rvith the exceD-
tion of the *'iring passing through a grommet to tiìe
rnain cl'rassis. Do not turn the eqnipment on rvhen dis-
assembled, for if the chassis touches the front panel
you rvill either blorv a fuse or receive a shock. 

-

Remove the receiver crystal holder Y-102, the first
variable capacitor C-192, and the capacitors and re-
sistors from the first oscillator tube socket V-114. Save
all parts. Leave the 6C4 tube filaments in series with
the rest of the circuit. Leave the tube in the socket.
Now, remove oscillator coil L-114, being careful not
to break the forrn. Remove the solvent Irom the coil
form bolts, and it rvill be easier to remove the coil.

The second 6C4 (V-113) will norv become the tun-
able oscillator for the receiver. The new oscillator
circuit is shorvn in figure 51A. Compare it with the
existing circuit of figure 50. First, take the t00K re-
sistor (R-149) that you removed from the old oscil-
lator stage and connect it in parallel with R-150, the
grid resistor of tube V-113. The old coupling capacitor
(C-147 ) is returned to the rotor of tuning capacitor
c-166.

Remove capacitor C-140 from pin #7 of socket
V-If3. Remove the wire from pin #7 and clip it off.
Remove capacitor C-146 attached to the coil and to
tuning capacitor C-166. Nou', take out the plate coil,
L-113. This coil has 5 turns. Remove the rvire, and
rer,vind it s'ith similar size rvire, B turns tapped approx-
imatelv one turn from the bottom. Leave the coil rvire
ends long and run them through the eyelets on the coil
form, the bottom rvire about 1" long, and the top tvire
about 3" long. Put the ncrv coil brrók in place ùd r"-
wire as shorvn in figure 51,

Lead "A" 
is the original length of coaxial cable

coupling the stage to the mixer tube, V-109. It con-
nects to its original place, at the top of the coil, or to
the varinble capacitor. The plate terminal of V-113
is :rtttrched to the top of the tall stand-off insulator,
rvhich is bvpassed to ground u,ith capacitor C-146
rvhich was removed previously. N,fake sure that one
t:rminal of the variable capacitor is grounded, and
that pin #7 of the socket is not grounded. but re-
trrrns to thc coil tap. This completes the oscil lator
conversion.

The r.f. input circuit is converted next. The an-
tenna coil L-111 is ttrpped. It is near the r.f. amplif ier
tube, V-108, Note rvhere the coil leads go, thèn re-
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3-It is e:rsy to make meter position # I a "S-meter"

for the receiver. Remove the green lead attached to
pin #7 trnd R-144 of socket \1-114. Connect this lead
to the cathode (pin #2) of thc first i.f. tube socket,
V-110 through er series resistor of tK. Shunt cathode
resistor R-123 rvith a 470 ohrn, }í-u'att resistor (figure
5 1 C  ) .

The receiver chnssis is nou'rentounted to the front
panel. Remember to rcplace thc phenolic insulator
the right rvay rvith the bolt holes in the right place.
\lake sure the front panel mountinq screws do not
touch the chassis since there is a potential difference
betu'een the trvo.

Testing the Place a short antenna on the receiver
Receiver (use J-103), rind tunc the oscil lator

tuning capacitor unti l vou hear a sta-
tion. You can probably hear TV channel ! or 3 (a
strong, tt.c. buzz). Peak the other stagcs bv ear. If 1'ou
hear nothing, check your squelch srvitch.

Tronsmitter Modificotion Tlie orisinal \ lBF cir--
for 50 Mc. Operotion cuit uses expensive l i igh

freqlrcncv crystals. In
order to emplol' the plentiful 6 \Ic. tvpe FT-243 cr1'-
stals, the oscillator circuit must be modified as showtr
in figure 52. A 6BH6 regenerative oscil lator replaces
old oscil lator tube \r-I01 (6C4). The ne*' tube has
thc siime filament current iis tl're old for propel scries
string operation. Tc.nninriìs #3, 4, and 7 are un-
totrchr,:cl. iurcl terrninirl *l ol socket \ '-101 rnust be
qrourrdeci. Tenninrrls :*l. 5. rrnd 6 irre leu.ired as
shoul in fiqru'e 5ll l . Plate cnil L-101 tunr.s to the sec-
ond hirrmonic (12 \lc. ) of t l ie cn'stal iLnd is reu'ound
s'ith 26 turns of :È!6 e. u'ire, Tlit '  nrult iplier stage
(\'-102) norv should turle to tl ie l-1-15 \lc. region.
Coil L-10! should be altered to 17 trrrrrs of =!2 e. rvire.
Space the turns to grid-dip to l l \1c,. The second
mtr l t ip l ier  tubc (V-103) doubl t 's  t , ,  5( )  \ Ic .  Rerv ind
l--103 to 18 turns, centcr-tappt.tì. =11 e, u'ire, )í-inch
diamctcr, turns spaced onc r', i lc cìirrnrcter. Adjust
spacing to gr id-d ip the c i r i r r i t  t r r  l1  \1c, ,

The p late coi l  o f  t l r r 'pr r . l r  pr r ì ì  l \ l ) l  is  rnodi f ied to
8 turns, center-ti l l tperl. : l-1 r, .,r ir, . r,ue-inch diame-
terr ,  turns spaced tu 'o r i  i rL ' - r l i . ( Ìn(  t ( , Ì \ .  \d just  spacing
to gr id-c l ip  to 5 l  \ f  c , .  

' l - l  
r , ,  r r ,  r , .  . rn t |n [ r i r  co i l ,  L-109 is

3 turns,  #12 e.  u ' i l r , .  or r , , - i r r i  l r  i ì i . i rn l t t : r ,  turns spaced
one rv i re d iarnct t , r .  

' l ' l r i '  
r , , r r r t r l t , tcs ntodi f icat ion of

the r.f . circuitrv,

Miscel lqneous Tronsmit ter  1-Change socket  J-101
Modificqtions to a PL-68 micro-

phone jack mounted
on iìn insrrl lt inq pl. itt ' , Re'ntovc the trvo back
rvires fronr tt 'nnin.Lls :l iurcl #2 of transformer
T-101. Tript' t, irch sile. Run rr r"rire from the
PL-68 slet,rt, c,ontirc't to tc'rn'rinirl #l of T-101, and
another ri'ile fror.r.r terminirl #2 of T-101 throueh
l)í-volt f lasliì ight birtten'to ground. Tape the tuÉe

F igu re  52
A-Or ig ino  I  MBF t ronsmi t t e r  osc i  I  l o to r  c i  r cu i t
B -Mod i f i ed  osc i l l o to r  c i r cu i t  f o r  use  w i th

su rp lus  c r ys to l s
Q-Qse lq6smen t  o f  socke t  J - ìO l  w i t h  m ic ro -

phone  j ock

rncl'u'e tìre coil. Unsolderr the connections carefully, as
tl'rev rntrst be replaced later. Unr'vind the 5 tums on
tho coil, and replilce rvith 7 turns of similar size u'ire,
bend tlic encls irround the ey'elets and solder. Leave
tlic lrole opcn in the e1,clets. Replace tl ic coil, The
bottorn tc'rnrinal goes to pin #1 of silckc't \ '-108, and
to tuninq capircitor C-l!3 and padding cirpacitor
C-1S9. Thc top goes to the other side of the tuning
cirpircitor', ancl to C-12'1A, and R-117.

Thc antennir lcad is terminrrted near the coil trt a
stand-off insulator, The cirpacitor (C-I68) atttrclted
to ther insuìirtor non' goes to ther top of ir nerv trvo tnrn
c'oil rvrapped uvel the top tums of coil L-111. Use
insuìirtr-d u'ire for the ucn' coil, and gror-rnd the free
encl tcl tlre c'hassis ncxt to tlic coil form. Use a l.rot iron.
ancl doi'r ' t clarnaqc coil L-l11, See figure 518.

Thc final n'roclif ici it ion in the receiver r.f. section is
to nrodifv mircr c'oil L-118-1i9. Both coils are n'ound
on the srune form. Rcrnovc the form, rernembering
rr.hcre the conne.ctions iÌr(.' attached. The coils have 4
tulns each. Rcmove tl ie u'indings. and ren'ind u'ith
si;nilal size u'ire. 6 turns c'ach. Replace tl ie coil, and
solder all lerads.

Other Receiver l-The "Press to cut Squelch"
Modificotions su'itch (5-105) should be chtrnged

to a d.p.d.t. toggle srvitch, The
u'ires to the top tu'o terminals should be interchanged
u'ith thc u'ircs to the Ìrottom trvo terminals on the
ncrv su'itch to mtrkc the piinel markings read right. Be
snrc not to closs-connect the u'ires.

?-Remove the tu'o brtrckets on the panel holding
the cover over the receiver tuning capacitors.
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shield next to the microphone jack to keep it from
shortening out (f igure 52C).

2-Plrrce a l0 r,fd. 25-volt electrolytic capacitor across
cathode resistor R-l11 (4.7K) of tube socket V-105
(6AQ6). Positive terminal of the capacitor goes
to pin #2 of the socket.

3-Parallel audio coupling capacitor C-119 rvith a
0.0I gfd. ceramic dísc capacitor.

Convert Your Surplus 24-Yolt
Dynomotors to Il5 Volt A.C. Motors
You cirn convet't lrlmost any' 2E-vcllt dtrnamotor to

a ll5-volt motor b1' the follou'ing changcs: Remove
the bmshes from the motor end of the dvnamotor.
Next, move the tlvo field u'irers fron-r tl-re ,r-roior. end to
the generirtor end, and connect tliem in parallel u'ith
the generator field rvinding. (You htrvc ri fiftv-fifty'
chancc of guessing the correct polarity of the connec-
tions. if the motor docs not run, reverse the n-rotor
field connections. ) Finallv, connect a 1l5-volt l ine
cord across the fielcl coils and qeneriìtor brushes. You
might have to dri l l  and tirp thc slraft fol irn extension
if it is not long enough to firsten a cor,rpling to it.
Your converted motor docs not have trs much toroue
as a standard motor, but it mav be uscd for turning
fans.  g l ind ing s ' l reels .  c t r , .

Adding o Tuning Contro l  to  the
R-28/ARC-S V.H.F.  Receiver

The R-28 ARC-5 rccciver is i i  ten tube snperhetcro-
dy'ne covering the frccluencv lanE{e of 100-156 \lc. in

four crystal controlled channcls. The receiver requires
24 volts a.c. for the filaments, iud 250 volts at 75 rna.
plate potential. The complete schemirtic of the re-
ceiver is given in figure 54. It is iì verv simple matter
to change the crvstal controlled oscillator to a tunable
oscillirtor for L44 N'Ic. reception. The receiver can
thereby be used for generiil 2-meter reception.

First, remove the sides and top cover, and the
oscillator compii.rtment covers. Locirte the cn'stirl os-
cillator stage, V-108. Connect a 100 ppfd. ntic,a captr-
citor from the jturction of coil L-lI1 and R-152 to pin
#4 (gr id)  of  socket  V-108 ( f2SFI7) .  Insta l l  a  var iable
l0 ppfd. tuning capiicitor in series rvith ar 3-30 ppfd,
zero temperature coefficient cernmic variable capa-
citor. Ground the rotor of the variable capacitor to
the chassis. Connect the frec terminal of the ceramic
capacitor to pin #8 of socket V-108 (plate ). The 3-30
p1,fd. capacitor acts as a bandspread capacitor so that
the 144 \Ic. band ci.rn be spread :rcross the full dial of
the 10 ppfd. tuning cirpacitor. \\1hen the ceramic ca-
pacitor is full1, meslied, the tuning rlnge of the receiv-
er is 140-150 trIc. Converted in this manner, the oscil-
lator acts as a tunable oscil lator in the region of the
original crvstal frerluencl'. The succeeding multiplier
stages increasc' this frequencv up to the legion rr'-
ry,rire'd for local oscilliltor injection. Set the receiver to
cìrannel I l or C for optimum !-rrctcr rcception, The
ltntomutic tuning nnit miu' be rcu'orked rrs clescribed
in the section of this book detiling u'ith the T-23/
AIìC-5 transmitter.

F i g u r e  5 3
R-28 /ARC-5  V .H  F  rece i ve r  moy  be
used for  2-meter  recept ion.  Receo-
toc le  J - l 03  i s  o t  bo t t om o f  f r on t
pone l .  Dynomoto r  spoce  i s  o f  r eo r
o f  r ece i ve r  deck .  App rox imo te  t un -
i ng  o f  r ece i ve r  i s  i nd i co ted  by  edge -

d io l  o t  t op  o f  pone l .
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Fioure 55
A-Modif ied f i lomànt circui t  for ó vol t  op-

erot ion. R-28/ARC-S
B-Modif ied oudio circui t

#2 of socket V-102 and connect this lead to pin
#7 of socket V-102. Ground pín #2 of V-102,

2-Remove the wire from pin #2 of socket V-103 and
connect this lead to pin #7 of socket V-103. Also
remove the two lK resistors connected between
pin #2 and pin #7 of V-103. Ground pin #2 of
v-t03.

3-Remove the wire from pin #7 of V-l0g and con-
nect it to pin #2 oî V-109. Ground pin #7 of
v-109.

4-Remove the two lK resistors between pin #2 and
pin #7 of V-108. Remove the wire on pin #7 of
V-108 and connect it to pin #2 of V-108. Ground
pin #7 of V-108,

5-Remove the wire on pin #7 of Y-107 and connect
it to pin #2 of Y-I07. Ground pin #7 of V-107.

6-Remove the rvire on pin #7 of V-100 and connect
it to pin #8 of V-106. Ground pin #7 of V-106.

This completes the conversion of the filament circuit
for 6-volt operation.

Modificotions of l-Remove R-143 (1 meg.), C-lb4
Audio Circuits (0.006 pfd.), and R-I44 (0.47

the 12A6 ( v-107 ) il:5i1""'ì-lX: :;'i ":iT;ll,,T
a 0.01 pfd. capacitor. Replace R-144 with a 500K
potentiometer. Connect the arm of the potentio-
meter to pin #5 of V-107. This volume control is
mounted on the front panel and leads to it are
run in shielded wire. Ground the shields at both
ends of the leads.

2-Remove R-145 (1.5K) from pin #8 of V-107. Re-

OR/€ I  NA L

R 1 4 3  C r 5 4  V l o T v J o 6  . o l

MODI F/ ED

v 1 0 6

.r---îJG
?,-r\
(  -  

)  |R ' . "\--./ 
|
I

\9/

Rewiring the Filoment It is necessary to replace
Circuit lor Six all the l2-voli tubes rvith
Yolt Operotion their 6-volt equivalents for

6-volt operation. The 717-
A tubes have 6-volt filaments and are not changed.
The follou'ing rviring changes in the filament circuit
iue maoe:

l-(Refer to figure 55A). Remove the wire from pin

K *

rop vrEw oF R-28/ARc-r *rEP'VE*tfu,r" DUSr covER REM.'ED
Tuning system geor.dr ive is ot lef t ,  with crystol  reloys ond crystol  receptocles

ot right. Dynomotor mount is ot reor of receiver.
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place it with ir 470 ohm, l-watt resistor from pin

#8 to ground.
3-Remove output transformer T-101, capacitor

C-f57, and limiter R-168 (all in plate circuit of
V-I07). Replace T-I01 rvith small 5K plate to
voice coil output transformer. Connect 0.01 r'fd.
ceramic disc capacitor between pin #3 and pin

#4 oî Y-I07 socket, The secondary leads of the
new transformer connect to your low impedance
speaker.

4-Connect the rear power plug (J-102 ) as follows:
Pins #1, 3, and 4: B minus, one side of 6-volt f i \
Pin #7: B-pltrs 250 volts.
Pin #6: 6 volt f i lament.
Pin #2: Auxiliary audio outPut.
Pin #3: A.v.c. lead. Open connection between

pin #3 and pin #1 to disable receiver
during transmissions.

Converting the RT-l9/ARC'4 Receiver-
Tronsmitter for 2 Meter Operotion

The RT-19/ARC-4 is a complete v.h.f. station cap-
able of operation on anv one of four crystal controlled
fretluencies in the 140-148 N'{c. range. The transmitter
develops approximntely 10 watts output over a I
rnegac,vcle bandrvidth rvithout retuning. Crystals in

the 5.83-6.0 NIc. frecluency range are employed. The
complete schematic of the ARC-4 is shown in figure
Dó.

Description of the 
'fl"re transmitter of the ARC-4

Tronsmitter Section consists of a crystal-controlled
oscil lator stage (6 Mc.), fol-

lowed by three harmonic generators. The oscillator
(6V6-GT, Vl-T) plrrte circuit is tuned to approxi-
mately 18 Mc. The second 6\'6-GT (V2-T ) doubles to
36 \ 'Ic., and VS-T (1614 or 6L6 ) doubles to 72 NIc. The
final multiplier V4-T (1614 or 6L6) doubles to 144
lVIc. The r.f. amplifier (\'5-T) is an 832-A, which is
plate modulated by trvo class -\B 6L6's (V6-T and
V7-T). A carbon microphone is used, and a push-to-
talk system is incorporated in the triinsmitter. The
transmitter is designed to be used rvith a 50-70-ohm
coaxial transmission line system.

The Receiver The receiver portion of the ARC-4
Section employs ten tubes and has two com-

plete r.f. input circuits connected to
a common i.f . amplificr. One input circuit ("plane-to-
plane" ) rvill be removed, and the other one ("plane-
to-ground" ) rvill be rervorked for 2-meter reception,
and provided u'ith a tunable oscillator. The "plane-to-

Figure 57
UNDER-CHASS1S VtEW Or a-zeZARC-s RECEIVER WITH DUST COVER

REMOVED
717-A tube is  ot  le f t ,  wi th i . f .  s toge ot  center .  Power receptocle is  ot  reor

of  chossis .
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ground" section employs a 6AC7 (V3-R ) mi.xer, cou-
pled to three stages of 10 Nlc. i.f. amplif ication (V4-
5-6-R) having a passband of about 80 kc. A i2SQ7
(V7-R) is used as i in audio squelch tube, and a second
l2SQ7 (V8-R) serves as the second detector and audio
stage. Trvo audio output strìges employing 12A.6 tubes
(Vg-R and V10-R) are provided. The output of Vg-R
may be taken from pins 22 trnd 23 of the plug terminals
on the rear of t l ie unit (500 ohm circuit), and the out-
put of V10-R appe.us trt panel jack J1-R and pins #24
and 25 of the same plug.

A 6N7 double triode (VI-R) serves as a conver-
sion crvstal oscillator and frequency quadrupler. A
second 6N7 (V2-R) acts as a tandem doubler to the
v.h.f. conversion frequency.

Power Supply ond The ARC-4 is powered from
Control System either 12- or 24-volts d.c., and

employs either a DY-9/ARC-I
dynamotor ( 24 volts ) , or a DY-10 / LRC-1 (I2/ 24 volt)
dynarnotor. Neither dvnamotor is recpired for the fol-
lowing conversion. The ARC-4 is designed to be re-
motely controlled from tlie C-51-/ARC-4 control box
rdrich has a chiinnel selector and audio input and out-
put circuits. The control box is not rcrluired for the
conversion,

Tronsmitter Cry'stals of the surplus FT-243 type are
Conversion used in this conversion. The two-meter

band rerluires crystals in the range of
6.0 \{c. to 6.16 \Ic, For the Novice band, crystals
ranging from 6.045 \lc. to 6.125 Nfc. should be em-
ployed. To make tht:se cn'stals operate properly, two
capacitors in the oscilìator circuit must be chanqed.
Remove C2-T (50 ppfd.) (betu'een pin #5 and pin
#8) on socket \/ l-T ancl replicc u'ith a 15 irpfd. micar
capacitor. Next, re'rlove caltircitor C3-T (400 ppfd.)
across oscil l irtor coíl L1-T ancl rcpìace u'ith a 100 ppfd.
mica capacitor.

Microphone Voltoge -'\t thc rcrrr of the chassis on
for Tronsmitter thc transntitter sidc itre tr,vo

resis tors:  l ì3-C (30 ohms,
marked 230 \\ '-L), and R31-T (100 ohrrs, mirrkcd
2200). Rcntove Iì3-C from thc clrassis ancl disconnect
the rvhitc n,irc rvith red-vellou' trirc,t'r' crrnnectccl to thc-�
junctior-r of thc tu'o resistors. Crouncl thc ericl of R32-T
that n'as connected to this s' irc'. Tc,nninals #1g ancl
7 on thc rear chiissis plug i ire connec,ted toqethcr to
complcte the c'ircrrit of R26-T ancl R3l-T. This pìaces
R32-T irr st 'r ies u'ith R26-T, u'hich is thc urodulator
cathodc. bias rcsistor. Next, thc leird of lì19-T is dis-
c'onnectecl fronr thc fi l irment circuit and attachccl to
the tcrnrinal of R32-T (fiatrre 60A ). Both tenninirls of
R29-T arc lx'piLsscd to gruuncl u'ith 50 pfd., 50 volt
electrolvtic filter capacitors.

Receiver Audio A portion of the audio signal volt-
Modificotions age from the microphone is fed to

the receiver audio section for the
intercom circuit. Disconnect the bare rvire lead from
the grid (pin #5) of 6L6 tube socket V7-T that runs
to the termin:rl board adjncent to the tube, and con-
nects to resistor R28-T ( 250K ). Novv disconnect the
rvhite rvire rvith green tracer on the grid (pin #b) of
12A6 tube socket Vl0-R. Disconnect the ,"vhite rvire
rvith red-brown tracer that connects to the junction of
R47-lR and R47-2R (10,000 ohms), which is mounted
on the receiver side of the chassis. Now, connect a
rvire from this center tap junction to the end of R42-R
(1500 ohms ) located cn the side trt the rear of the
cha"ssis. The correct terminal is the one nearest the
rcru. This removes the B-plus from the receiver audio
stirges when trirnsrnitt ing.

Reloy Circuit A Sarkes-Tarzian If-500 sil icon recti-
Modificotions fic-.r is used in the circuit of f isure

608 to rectifv the filament voliage
for operation of relay S5-C. Íhe rectifier and filtér
capacitor rrrc rnounted neirr the crvstal sockets. The
tu'o leads (rvhite rvith blue-green tracer) that were
fonnerll. connected to R3-C (30 olims ) are attached
to the positive terminal of the rectifier. The negative
terminirl of the rectifier is attached to the 12.6-volt fila-
rrent line through a 100 olim resistor. A b00 pfd., 2E
voit electrolvtic capacitor is placed betrveen the posi-
tive terminal of the rectifier and ground as shorvn in
the schematic drarving. Finally. i"*o,re the crystal
srvitching relays.

Filoment Circuit To operate the fi laments from the
Modificotions po\\'er supply, strap the following

terminals on the rear power re-
ccptircle plug in !{roups, irs follows: Group 1: l and 2.
Cr<rr rp 2:5,6,  15 and 16.  Group 3:  J ,  

 

and 19.  Group
4: 28 and 18. Croup 5: 8 trnd A1. Connect a 30K, 1-
u.'irtt resistor from pin #18 to A2. Fiìament voltage is
nppìie.d to pins AI and A2 (ground), as shorvn in the
po\\,er supply schematic ( f igure 65 ).

Receiver Remove tlie "plane-to-pliine" 
chan-

Modificqtions nel tuning unit located in the center
of the chassis by unscreu,ing the four

10-32 machinc scre\\'s beneath the ch:rssis. Remove
tht' top cover plate of the first i.f. transformer FLI-R
ancl loosen tìre screrv inside that holds the coaxial l ine
entc'ring tlie top of the trirnsformer. Pull up on the
turring unit rrnd it u'ill corne free. Takc the sides off
t lrrr trrning unit ald remove thc 6N7 oscil lator nlate
c,oil L5-lì. This coil rniu' bc identified bv the great
nurnber of trrrns on it. -A.lso ren'ìoi'e one of the 50 lrpfd.
ccrrimic ciipacitors in the unit. It u' i l l  be needecl later,
i i ìong u'ith tìre coiì. Finallr ' , rcmovc the platc l iolcling
tlie iurxiliarv cirpacitors of tlic' tuning unit from the
brrck of t lre ARC-4 panel.



54 Sunprus Reoro CoNvnRSroN

TN
]fl

o
oì
oè
É
o

-,
0)
3É

at
g

o
I

F
o
L

Gtì
o
o

3R

[.,"

. R

ì  
R . n

I
I

r2F
F I R

Figure  58
SCHEMATIC,  RT- 191 ARC-4



MehruAL, Vor.uvrn III IJIJ

DD

,f ar.rGf f 
--

J  Y fan  (a t .

{crÉi3 f.ra
^ g r l v  t l r t t t

l - -P l ' r
+ - l
t t l

ÉfFì
I  I T

,ro.l--E--r,*c'rcoi'rroffi---]

-i4t_---< |
r !  oro c5, :

, - 1 ì-[- talrcror t

F igu re  58
ScHEMAT|C,  RT- t9  /ARC-4



F igu re  59
PANEL LAYOUT
OF CONVERTED

ARC-4 ,  SHOWING
PLACEMENT OF

MAJOR CONTROLS
O - l  d . c .  m i l l i o m m e -
t e r  o n d  s e l e c t o r
sw i t ch  o re  o t  l e f t  o f
t u  n  i ng  d  i o  l .  Type
F T  - 2 4 3  c r y s t o l
moun ts  i n  ho lde r  be -
n e c t h  d i c l  P i l o t
l o  mp ,  o ,  c .  sw i t ch
o n d  i . f .  g o i n  c o n t r o l

o re  obove  d io l .

Coil L5-Iì is nnu' nrountccl on tl ie AlìC-4 chassis.
aborrt 6li" beìrincì the' front panerl, and positione'cl as
shosrr in {iqrrre ti l . Tìrc botton-r encl of the u'inclinq is
groundccl, irncl rr t0 1,pfd. ccrirrnic capircitor is cclnnect-
ed across the ri ' irrding. Conncct the coil to .r 50 gpfd.
cerirmic cirpacitor rr'hicli goos to tlic bottom end tenr-ri-
nrrl on tìre ncrrrbv phcnolic strip irs shou'n in figure
62. This coil converts the oscil l irtor from cn'stir l cxrntrol
to ir tuned-plrrte ttrned-glid circrrit (f icrrre 60 C).

. \  c l t , . r runr ' t '  l ro l t '  i s  nor i  c l r i l l t c l  t l r l r ,u { l t  t l r c  c l tass is
n i , r r r  t l r t '  s t ' c 'onr l  l ro t to rn  t t ' r ' n ' r in . t l  o f  t l r t '  p l r t ' t ro l i c  s t r ip ,
i rnd  i i  s rn i i l l  c t ' r i rn r ic '  fe t 'd - th lL r  i r rs r r l . t to l  i s  p laced in  the
c ' l rass is  ho lc .  T l i c  t t : t l r i t r r t l  o1 '  t1 , , '  n r . r  r l . r to r  i s  con t te 'c tcc l
t o  p i n  : 6  ( p l a t c )  o f  t l r r '  6 \ l  ' , , r k r  t  \ - I - R .  b e h i n c l
t l re  p l r t 'no l i c '  s t r ip .

A b o r r t  t h i s  s t a g e  o t  t l r , '  , J . r n r ( .  . r  r r t r i '  p a n e i  p l i r t e
s l r o u l d  b c  c u t  r ì n c l  m o r u r t , ' r l  i r ,  1 r , , ' i t r o r r  o l t  t l r e  f r o n t  o f
t l r e  - L R C - - 1 .  P o s i t i o n  o f  t l r , ' r r r . r i n  r , , n t l o l s  c r r n  b e  s e e n

@

5  - : r '
l a !  c o  L

25 i>-^u \^ - - - ì | l  - - l - l ìÙ \  - .  : :e ! Ì ; . .
- \ r  
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F igu re  ó0
A-M ic rophone  c i r cu i t  o f  ARC-4 .  The  m ic rophcne  power  i eod  to  R32 -T

moy  be  removed  ond  o t t oched  to  co thode  p in  =8  o f  sccke t  Vó -T  to
rc i se  modu lo t i on  l eve l  i f  o  l ow  ou tpu t  co rbon  m ic rophone  (T - ì7  t ype )
i s  emp loyed .

B-Rect i f  ier  system for  re loy contro l .
C -Rev i sed  rece i ve r  osc i l l o to r  c i r cu i t .  The  l 0  sp fd .  copoc i t o r  i s  t uned  f rom

the  f  r on t  pone l ,  os  shown  i n  f  i gu res  ó3  ond  59 .

g +
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Fioure 62
A-1 . f .  go in  con t ro l  ( l obe led  "no i seT ' )  

f o r  ARC-4
B-Smo l l  neon  tube  mokes  i nexpens i ve  modu lo t i on  i nd i co to r .

i s  moun ted  i n  rubbe r  g rommet  i n  pcne l .  Copoc i t once  to
she l l  pe rm i t s  bu lb  t o  l i gh t  ( see  do f ted  l i ne ) .

C -Mod i f i ed  vo lume  con t ro l  c i r cu i t  f o r  ARC-4
D-Cocx io l  l eod  fo r  t r onsm i t t e r  c r ys to l  socke t  ( see  f  i gu re  ó l ) .

@

Neon  l omp
ground  o f

C O A X  A L
L E A D

r F  R l - r

N E W  C R T S T A L
s o c k € r  M c u N T E o  =
A N  P A N E L

M A D / F I € O  C / R C U / T

a4.!.'=;-

Fiqure  ó  I
UNDER-CHASSIS VIEW OF 

-ARC-4 
SHOWING CASCODE R.F

A M P L I F I E R  ( R I G H T )  A N D  M O D I F I E D  R E C E I V E R  O S C I L L A T O R
Coox io l  leod  to  pone l  c rys to l  ho lder  posses  o long center  o f  choss is .  S i l i con

power supply for chonge-over reloy is ot lef t .
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Figure 64
CIRCUIT OF CASCODE R.F.  AMPLIFIER

FOR ARC-4
Grid-dip coi ls L- l  ond L-2 to center of 144
Mc. bond. Shield is ploced ocross center of
óBQ7-A socket to reduce coupling between
the  co i l s  (see  f igure  ó l ) .  L ink  co i l s  o re  two
turns of hookup wire.

in figure 59. A soft aluminum plate is placed over the
opening left by the removal of the auxiliary tuning
trnit, and a Nation:rl type ìvICN dial is mounted on the
panel. The shaft of tlie dial is about 4" from the top
edge of the panel, and about 41A" from the left edge
of the panel. The dial drives a small l0 ppfd. "APC-

type" vruitrble air capacitor that is mounted on an
altrmintrm bracket placed abort 41i" behind the front
prrnel (figure 63 ). The capacitor, therefore, is im-
medirrtelv adiacent to the ceramic feed-thru insulator

ì15v  tu  

F igure  ó5
POWER SUPPLY FOR ARC-4

Tronsformer is roted ot 325-0-325 volts ot
255 mo.,  C.C.S.,  5 vol ts ot 3 omperes, ond
12.ó vol ts,  center-top ot 5.3 omperes. Pi lot
lomp bolonces current droin of óBQ-74 cos-

code tube.

rnounted on the chassis deck. The capacitor is driven
by the dial through a phenolic rod and a shaft coupler.
The rotor of the cnpacitor is grounded, and the stator
is attrrched to the terminal of the feed-tluu insulator.
The modified oscilltrtor circuit is shown in fieure 60C.

Ponel Controls Vrrrious other controls are placed
on the front panel, as seen in figure

59. Across the top are (left to riglit) a 0-l d.c. millia-
meter used as a tuning meter, an i.f. gain control
(250K, see figure 62A), the a.c. po\\/er srvitch, and the
antenna lotrding capacitor, CfO-T. Belorv this, at the

a4ù

F i o u r e  ó 3
TOP VIE:W OF ARC-4
S H O W I N G  T U N I N G

CAPACITOR
The opening lef t  by re-
movo l  o f  oux i l io ry  tun ing
un i t  i s  covered w i th  o lum-
inum plote. "APC-type"

t u n i n g  c o p o c i t o r  i s
mounted to brocket otop
the olote. ond connected
to osc i  I  lotor c i rcu i t  v io
ceromic feed-thru bush-
ing .  Osc i l lo to r  co i l  i s  o t
reor of copocitor,  with
slug project ing through

chossis.

&e-
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left is tlie meter selector srvitch, receiver tuning con-
trol, and modulation indicator (figure O9B ). The
transrnitter amplifier tuning control is at the far right.
Receiver adjustment controls, transmitter crystal
socket, transmit switch, and phones and micropúone
jack are placed at the bottom panel edge.

The 500K volume control has one terminal ground-
ed. Remove the wire connecting the grid of IZAO
socket V59-R to resistor R40-R ( 100K ) which is the
second resistor from the end of the terminal board
located near the four relays beneath the chassis. Con-
nect a wire from the grid of tube VS9-R to the center
arm of the volume control (use shielded rvire). Con-
nect a rvire from the remaining terminal of the volume
control to resistor R40-R at the terminal where the
wire was previously removed (use shielded wire ).
Remove resistor R40-R by clipping the leads.

A short length of RG-59/U coaxial cable is used
to connect the crystal socket to the oscillator tubd, as
shown in figure 62D. The shield is grounded to the
chassis at both ends of the conductor.

A Coscode Amplif ier The sensitiviw of the ARC-4
for the Receiver receiver leavés much to be

desired if stations beyond
the line of siglit are to be worked. A simple 6Be7-A
cascode amplifier may be built into the rèceiver sec-
tion that rvill greatly enhance the performance. The
placernent of the amplifier can be seen in figure 61. A
small copper shield plrrte is mounted àcross the
6BQ7-A socket, and is grounded to pins #4 and g
and the center stud of the socket. The neutralizing
coil L-3 passes through rr ll-inch hole drilled in thé

shield. Coils L-I and L-2 irre mounted on either side
of the shield plate. The cascode schematic is shown
in figure 64.

The Power Supply The power supply is placed in
the rear chassis area, as shown

in figure 66. The wiring of the supply is shown in
figure 65. To balance the filament drain, the 6Be7-A
and the pilot lrrmp 2.e rvired as shorvn in the ùhe-
matic, All other filaments ar.e rvired correctly when
the rear- po-wer connector terminals are strapped as
previously described. It is necessary to insert a 780_
ohm, 20-watt resistor in series rvith the receiaer B-
phrs terminals of relay S5-C to hold the receiver
voltage to 300.

Alignment of the The first step is to align the re_
ARC-4 ceiver oscillaìor. The s-Íue of the

justed to res onate .h""::i:tl,?i"%'#"i:.( H;l I H5:
dip oscil lator). The plate coil slug (Lt-R) shoulà be
adjusted so the receiver tuning óapacitoi tunes the
range 8.5 NIc. to 8.8 NIc. Set the oscillator to approxi_
mately 8.65 N,Ic. and tune the harmonic generator cir_
cuits for maximum meter reading as sho-wn in figure
6]. The slugs in these circuits are set very closé to
the-correct adjustment when you receive tÉe ARC-4,
so do not alter the setting too much! lVith an antenna
on the receiver, you should norv start to hear two_
rneter signals. Adjust the three r.f. trimmers (lower
left corner of the panel ) from left to right for maxi_
mum signal strength. One adjustment rvill hold over a
tuning range of about one megacycle. Finally adjust

F iou re  ó6
POWER- SUPPLY IS

INSTALLED IN
DYNAMOTOR AREA

OF ARC-4
Tronsformer is ot left,
with f i l ter  copoci tor  to
r ight  of  tube. '  Extro 20
pfd. ,  450 vol t  coooci tor  is
odded to output  of  supply
to  reduce  hum.  Smo l l
o luminum box is  p loced
over reor  of  rect i f ier  tube
socket to prevent donger
of  shock f rom terminols.
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Figure  67
METER CHART FOR TUNING RT- I9 /ARC-4

the slugs of cascode coils L-l and L-2 for best signal
reception.

The crystal is norv plugged in the transmitter and
the multiplier circuits are tuned for mtrximum meter
current, as indicated in figure 67. Load the antenna
by increasing the loading capacitor (C10-T) and then
tune tlie r.f. amplifier stage for minimum dip. Repeat
r-rntil maximum loadine is obtained uùile still observ-
ing ir pìirte crrrrent t l ip.

Modern, TVI-Proof Conversion of the
SCR-522 Tronsmitter

Many conversions have been shown for the BC-624
transmitter portion of the SCR-522 v.h.f. receiver-
hansmitter. The conversion described in this section
is recommended for trvo and six meters, as it elimi-
nates the t.v.i. difficulties normally encountered with
this equipment. The unconverted trtrnsmitter is shown
in figure 68.

First of all, remove the triinsnritter from the cabinet
and strip off unnecessary componcnts, such as the
tuning slides, etc. Nfove the pou'er connector to the
rear of the chassis as shorvn in figurer 69A. Nlake up a
power cable as shown in figure 698, using #14 wire
for the filament leads, as sho*'n. Next, mount a
SO-239 coaxial connector near the tripler stage, as
shown in figure 69C, and run a coitxiitl lead from the
connector to the antenna link of the trar.rsmitter.

If a carbon microphone is used, it is necessary to
install four "pen-lite" batteries in series s'ith the pri-
mary rvinding of the microphone transformer. Better
still, a crystal microphone can be emploved u'ith the
transmitter if the simple transistorized speech ampli
fier shor.vn in fisure 70 is installed in the transmitter,
It is recommendìd over vaclrum tube amplifiers since
there is less danger of erudio feedback. A IN34 diode
rcctifies the filament voltage to deliver a small nega-
tive potential suitable for the transistor. Remove the
microphonc trtrnsformer and connect the output of the
transistor arnplifier to the 

"l-rot" 
terminal of volume

contro l  #1t5.

Figure  óB
T H E

U N M O D I F I E D
BC-624

TRANSMITTER
SECTION OF
THE SCR-522

V . H . F .
TRANSMITTER-
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Figure 69
{-pe1rys1 p lug modì f icot ion , for  522 t ronsmit ter ,  for  use wi th o.c.  supply

shown in f  igure 75.
B-Connect ing coble between t ronsmit ter  ond power supply.
C-New cooxio l  ontenno receptocle is  mounted in corner  of  t ronsmit ter

chossis  neor  832-A t r ip ler  s toge.

C A B L E  D E T A I L -  X M Î R  T O A N T E N N A  C O N N E C I O R  O E I A I  L

€,/a\@

HOUNT 50-239 0N t  3 /A .  P tLLARS.
W/RE WlTH COAX,UP TO ANTENNA

T.V.l.-Proofing the Install a 0.001 prfd. disc ceramic
Tronsmitter capacitor across the filament

pins of each tube socket. By-
pass all leads on the pou'er connector with 0.001 pfd.
disc ceramic capacitors. In addition, bypass each
meter lead rvith 1.5 K\/, 0.001 pfd. disc ceramic capa-
citors. Use a meter rvith a metal case, or else cut a
section of a tin carn to cover the rear of the meter if
a pl.renolic-cased meter is used. Ground the can to
the transmitter panel, permitting the meter terminals
to pass through holes cut in the rear disc of the can.

To shield the transmitter completely, it may be
mounted in the metal case from a BC-375 tuning unit.
Small, }i-inch lioles should be drilled in the case to aid
ventilation. The completed transmitter, mounted on
a relay rack panel is shou'n in figure 71.

Circuit Modificotions The brri id straps that con-
nect the plate terminals of

the 832-4 tubes to tl ie tank circuits should be removed
and replnced u'ith copper strap. The braid gers warm
during operation of the transmitter because of the

2 N l o 5
C R Y S T A L
M I K E
CON N ECTOR

high r.f. resistance. Transmitter output increases when
the braid leads are replaced. tr'Iodulation is also im-
proved when the 1246 audio tubes are replaced with
12V6-GT's. No rviring changes are necessary.

A crystal-v.f.o. selector srvitch that may be in-
corporated in the transmitter oscillator circuit is shown
,  f .rn rrgure /1.

To operate the 522 transmitter on six meters, the
follorving coil changes are necessary: Replace the
tripler (first 832-A) plate coil rvith a new inductance
consisting of 14 turns of #\4 enamel u,ire, Íé" diameter,
and abotrt Ilí" long. The B-plus lead is attached to
the center of the coil. The antenna coil consists of 5
turrrs of #14 insulated wire rvound over the center of
the plate coil. The tripler stage norv acts as a six-

Î o
6 5 5 7
G R I D

r o o  ! F

VOL.  CONTROL

-  -  z . z K
o o r
D  L 5 C
4 L L  R E S / S T O R S  0 . 5

Fiqure  70
S I M P L E  T R A N S I S T ' O R  S P E E C H  A M P L I F I E R
PERMITS USE OF CRYSTAL MICROPHONE

WITH SCR-522 TRANSMITTER
Smol l  ompl i f ie r  moy be  mounted be tween
volume control  ond the microphone jock on

the  ins ide  o f  the  choss is .

Figure 7l
MODIFIED 52i TRANSMITTER IS

MOUNTED ON RELAY RACK PANEL
Cose f rom BC-375 tun íng  un i t  i s  s l ipped over
choss is  to  comple te  on t i -T .V . l .  sh ieLd inq .  Ad-
di t ionol conversion informotion is qiven in Vol.
I  of  the "Surplus Rodio Conversio-n Monuol."



0
0l-.;

62

C R Y S Î A L
S E L E C Î O R
S W  I  T C H

6 G 6  o s c .

l z . E - z

N O T E :  A  H E A T H  V F - I  C A N  8 E
CAN 8E MODIFIED 70 8  MC,  FOR

M O U N T  T H | S  C I R C U I T R Y
I N  P O S I T I O N  F O R M E R L Y
OCCUPIED 8Y CRYSTALS. :  :  U S E  A S  A  V . F , O .

Figure  72
MODI  F I  ED TRANSMITTER OSCILLATOR

CIRCUIT  PERMITS USE OF HEATH
VF- I  V .F .O .  (RETUNED TO 8  MC. )

WITH 522 TRANSMITTER

meter amplifier, eìnd the 832-A tu'o-meter amplifier
tube is removed. Six NIc. crystals are used, and all
mrlltiplier stages citn be retuned for six-meter opera-
tion. See Volume I of the Strrplus Conversion Nlanual
series for rìdditionrìl circuit modification information.
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Tronsformer T-  I  de I ivers 325-0 -325 vol ts  ot
2 5 5  f f i o . ,  C . C . S . , 5  v o l t s  o f  3  o m p e r e s ,  o n d
12.6 vol ts  ot  5.3 omperes.  Tronsformer T-2
de l i ve rs  125  vo l t s  o t  50  m i l l i omperes .  Choke

C H - l  i s  4  h e n r i e s  o t  2 5 0  m o .

8 *

I
I
I

TO SU tr
M  I K E A  =  a t 3 2  s c R E w
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Figure  76
LAYOUT OF PANEL FOR SCR-522

TRANSMITTER
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I

Figure 74
POWER SUPPLY

FOR SCR-522
TRANSMITTER
IS ASSEMBLED

ON AUXIL IARY
CHASSES

See f igure 75 for
schemotic

The BC-312 ond BC-342 Series Receivers
The BC-312 and BC-342 series receivers are, with-

out modification, accept:rble communications receiv-
ers. Hou'ever, their perfolmance can be greatly im-
proved for amateur comrnunicrìtion rvork bv making
certain modifications in vtrrious portions of the re-
ceiver. Any one of the chirnges or iill the cl.ranges
may be made, each change adding rr certain amount
to the performance .rncl flexibilitv of the receivers.
The various changes u i l l  be treated sepirrirtelv so that
any one or :rll the chanqes mtry be m:rde at the discre-
tion of the ou'ner of tlie recciver.

Power Supply If the receiver is :r BC-312, a
for the BC-3I2 po\\ 'el suppl,v must f irst be con-

.stnrc.tecl. Tlie BC-342 is ecluipped
u'ith an integrtrl 1l5-r'olt po\\'er supply but the BC-312
has a l2-volt dvnamotor in pl:rce of the iì.c. power
supply of the BC-3.12. Othenvise the receivers are
substantially identical. it u'ill be irssumed throughout
this and subsequent discussions that the owner oJ the
receiver has a copy of T\l If-850 or one of the other
instruction books on this series of rcceiver since these
instruction books u'ere fumished u.ith the ieceivers
or \\'ere generallv rrvailable :rt tlie time the receivers
rvere sold.

The Dvnnmotor must first be swrìng out on its
hinges, and then the lerids from the dvnamotor to the
9-terminal connection strilt removed. A porver supply
snch as shou'n in Figure 77 trnrJ diagrammed in Figure

79 must then be constructed. The one il lustrated em-
plo1,s a Signnl Corps C-228 po\\'er transformer, rvhich
is the same one rìs rvars used in the RA-20 power sup-
ply for the BC-342. A l irrge number of these power
transfonners have been available, but if one crnnot be
obtained, anv po\\,er transformer having a 650-volt to
750-volt center-t:rpped high-voltrrge winding, a S-volt
filarnent rvinding for tlie 5Y3-GT, and one or trvo 6.3-
volt filament windings at 1.75 amperes or gr.enter rvill
be strtisferctory, If the trilnsformer has tivo 6.3-volt
f i l trment rvindings (such as the UTC tvpe R-ì2) thel'
are connected in series to obtain the 12.6 volts neces-
sary for heater operation of the receiver. If tlie trrrns-
former has only, one 6.3-volt rvinding nn additional
ver1, small 6.3-volt 2-ampcre fi lament tiansformer must
be plrrced in the porver supplv and connected in series
lvith the 6.3-volt s'indinq on thc main pou.er trans-
former to obttrin the 12.6 volts. The junctìon betu,een
the trvo 6.3-volt filament rvindings should be grounded
in tlie po\\/er supplv.

One con-rplicirtion is introduced bv the fnct that
the dial-lamp circuit uses tu-o 6.3-volt lamps in series
to ground, so that if the lead to the dial ltrmps is con-
nected to either of the hot 6.3-volt f i lament leads the
lamps u'i l l  onlv receive half voltage. This may be sat-
isfactorw, since the lamps give adecluate l iglit at this
voltiìge, or the trvo lamps mnv be connected in parallel
bv removíng tl ie bezeì thrrt covcrs tl ie tu'o lamps and
rervirinq them.
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FiEute 77.

FRONT VIEW OF THE CON-
VERTED BC-3I2  RECEIVER
WITH THE POWER SUPPLY

ALONGSIDE.
The cooxiol i. l . eneryy output rit-
t ing con be seen on the panel in
fhe position lormerly occupied by
tàè power connector. Ihe swiúch
mounted ot the bottom ol the
vefticol row ol jocks is the noise-
limìter on-oll svitch. fhe power
srtpply is notmally mounted rc-
motely lrcm the .eceiYer and con-
trclled hy the OFF-MVC-AVC switcrr.

The balnnce of the power s,rpply is quite conven-
tionnl. The VR tube shorvn in Fisirre 79 need not be
used unless desired, but its use dóes afford improved
oscillator stnbility.

Yoltoge Regulotion for The high-freqtrency oscil-
H.F. Oscil lqtor l irtor used in the receiver

is qrrite stable, but rvhen
operirting on tl're 14-\'lc. bnnd there is some variation
in the tonc of ir c.rv. signal *'hen thc r.f. gain is varied,
or u'hen the l ine voltaqe viir ies i is ir result of a house-
hold refrigerator turning on or off or from some sim-
ilar cause. This condition is cured by using voltage
regulation on tl're plnte supply voltage to the high-
frequenclt oscillator. The incorportrtion of voltage reg-
ulation on the oscillator requires thtrt a lead be
brought out of tl.re oscillator compiìrtment for separate
plate-voltaqe feed to tlie tube. This operation requires
removirl of thc cover from the oscillntor compartment,
and the removirl of 30,000-ohrn resistor Ra1. This re-
sistor is replrrced lry a 1000-ohm )l-rvntt carbon resistor.
The r'.f. stiige chiissis is then lifted btrck, after re-
moving the leads to thc' tube ciips, and the plate-
voltnge terminal corning or,rt of the oscillator com-
p:rrtment is bv-passed rvith tr 0.002-irfd. posterge-stamp
micrr capircitol rvhich can be placed flitt against the
chassis belorv the terminirl strip. The lead for plate
volti igc to the oscil lator is then brought under the r.f.
chtrssis ancl dou,n throush the hole rvhere the other
leads feeding the r.f. chassis pass. This plate-voltage
Iead then goes, of course. to the plate of the VR-105.

R.F. Chonges Thc r.f. svstem in the st:rndard re-
ceiver is slightlv lacking in gnin and

signal-to-noise ratio on the highest frequency range.
Tliis condition ciìn be checked tr1' removing the an-
tennrr leacl from the receivcr, turning the receiver rvido
open on \{VC, and then rotating the trirnmer APC on

the first r.f. stage through resonance. Only a very
slight increase in noise level will be noticed rvhen this
trimmer passes through resonance.

The most satisfactory rvay of correcting this condi-
tion (and this method was proven best after trying
a number of other expedients ) is to replace the 6K7
first r.f. stage rvith a 6SH7. It so happens that the re-
cciver is laid out in sucìr ti miulner that a single-ended
tube in the first r.f. stage gives much mole direct
leads than the doublc-c-nclcd tube originally used. Tho
procedule is irs foìlou's:

Remol'c thc trrbes from the r.f. chassis and invert
the chassis as firr irs possible. Remove the leads from
pins 3, 4, 5, 6. irnd 8 of the tube socket for the first r.f.
stase. Rclr.rovc tl ie old cathode-bias resistor RS-164.
Run a 100-ohm l-u'att resistor from the small micarta
terminal bloc'k for the \{VC lead to pin 5, and also run
to pin 5 rr lcacl from the cathode b1'-pass section of the
cirpacitor block for the st:rge. Install an additional
0.002-pfd. postage-stamp mica capircitor as a cathode-
br'-pass from termintrl 3 to terminrrl 1. Separate the
scrccn-volti,rge lead tl.rat u,ent to terminal 4, shorten it
until it fits more netrtly ancl sokler to pin 6. Norv run
the plate lead for the tube. u'hic'li dicl go to terminal 3
irnd rnn it uncler nll thc l'ire's neirr tl're heater end of
the socket and conncct tliis ìc'rrcl to terminal 8. Remove
the lead rvhich u'ent to the qricl cap of the 6K7, sclder
a rvire abor"rt 1)í inches lonq to this terminal on the
main chassis, push tl ic sub-chrrssis dorvn as far as it
can go and stilì reuch terurir.ral -l on the tube socket
rvith a soldering iron. ancl solder this new lead to
terminal 4. Thcn pusìr the chassis back into place
gentl1,, at thr: srinrc tir.ne miiking sure that the grid
lead to the tube ( ternrinal '1 ) keeps free of the chassis
and bencls out tou'rrrcl the gringed tuning capacitor.

It r i ' i l l  nos' ìre neccssruv to re-align tl ie r.f, stages
of thc receiver slightly (nof the h.f. oscil lator how-
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Figure 78.

UNDERCHASSIS VIEW OF THE
RECEIVER AND POWER

SUPPLY.
The bent-aluminum chossis holding
the 746 noìse limìter tube can be
seea óehind the power-cable recep-
locle. fhe odded chossis is mounted

to the lrcnt panet.

ever). Peak up the 6L7 mixer stage first, then the
second r.f. stage, and then the first r.f. stage. The gain
will be found to be much greater than before, and the
increase in noise when the first r.f. stase is trimmed
through resonance will be found to te 'u"ry pro-
nounced, If a tendency torvard instability is encoun-
tered near maximum gain on N{VC, re-trim the mixer
stage padders slightly until the instability disappears.

All these receivers have a certain amount of back-
lash in the vernier tunine control. In several receivers
the amount of backlash has been reduced to a verv
small amount by carefullv lubricating all the gears
with a small amount of vaseline, using a toothpick or
a matchstick to applv the lubrica.nt. Then the back-
lash, which in the receivers mentioned was caused by
axial motion of the tuning-crìp:ìcitor garìg, can be sub-
stantially eliminated bv careful adjustment of the ball
thrust bearing at the oscillator end of the tuning gang.
This bearing is inside the oscillator compartment.

l.F. Amplif ier The i.f. amplif ier operates quite sat-
Chonges isfactori lr ' . but the action of the crys-

tal filter leaves much to be desired.
The reduction in set gain u'hen the cryrstal filter is
srvitched into operation can be greatlv reduced by the
folloiving procedure: Remove the cover from the crys-
tal-filter transformer. Scrape the stud rvhich serves as
a stop for the rotation of the cr1'stal-phasing capacitor
and solder a very small wire to this stud and to the
small srvitch contact on the other side of the phasing
capacitor. Then turn the phasing control rrntil the
moving contact rests firmly against the stud. Re-install
the cover of the transformer and align the slug rvhich
comes out of the toTt of the crystal-filter tranìformer
for maximum noise with the antenna removed from
the receiver. This position of the control ( 180" from

the old position) now serves as the crystal-out posi-
tion, and the reduction in gain rvhen the crystal filter
is switched into the circuit rvill be very small.

A further change in the i.f. amplifier rvas made in
the receiver shorvn in Figure 77 to bring out i.f. energy
for the operation of external devices such as a panor-
amic adapter, a narrow-band F.NI. adapter, or another
external unit such as a single-sideband channel. The
change consisted in merelv rvrapping 7 turns of hook-
up wire around the form between the two i.f. coils in-
side the last transformer, connecting one side of this
coil to ground and the other side to the center con-
ductor of a piece of RG-58/U cable. The cable is
brought into the transformer by first removing the
black wire going into the transformer and grounding
the capacitor to :r soldering lug trnder the screw adja-
cent to the terminal from u'hich the black rvire tvas
removed. It mny be necessuy to ream the hole from
which the black rvire rvas removed sliehtlv in order
to be able to insert the insulation and Ih" irrrr", "orr-
ductor of the coaxial cable. The outer conductor of
the coaxial cable is grounded outside the transformer.
The coupling connéctor for the coaxial cable was
mounted on the front panel of the receiver in the
position formerly occupied bv the power-cable con,
nector, which had previously been removed.

With the i.f. energy obtained from the panel co-
axial connector coupled to an external coil resonated
to the intermediate frequencv by means of a small 7-
turn coupling coil, approximately 10 volts peak was
measured with a normal signal input and the receiver
operating on a.v.c. With the receiver on MVC, more
than 50 volts peak could be obtained. This voltage is
of course quite trdequtrte to operate any of the acces-
sories mentioned in the previous paragraph.
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P O W E R  Î R A N S F O R M E R  C O L O R  C O D E :
F O R  C . 2 2 I  I Y P E

REO :  I  IO  VOL ÎS  COMMON.  BLACI (  :  I 20  VOLTS
GR€EN =  . IO5  VOL IS

BROWN:  t 2  VOL ÌS ,  NO C .T .
aLUE :  l Z  VOUTS,  SLA IS  WITH TRACER =  C . r .  /

B L A C K :  H . V , ,  Y E L L O W :  C . T .

Figure 79.
SCHEMATIC DIAGRAM OF THE POWER SUPPLY UNIT.
The color code shown of the bottom of the drowing is lor t f ie
C-228 power transÍormer which may be avai loble. I l  this trons-
Íormer is not ovai lsble o conventionol power tronslormer hoving
two 6.3-volt  windings moy be used os described in the texl,

Cr ,  C : - l  6 -p fd .  450-vo l t  e lec t .  CH-15 henrys  100 mo.
T-700 v .  c . t .  100 mo. ;  5  v .  3  R1- l  2 ,500 óhms l0  l vq f ts

o . ;  ó .3  v .  3  o . ,  ó .3  v .  3  o .  Rr - l  00 ,000 ohms 2  wot ts
in  ser ies  w i th  center  S-S.p .s . t .  o .c .  t ine  swi tch
grounded,  Ot  12 ,6  v .  c . t .  F -3-ompere  fuse

Audio System Tlic audio s)'stcm of t l ie 312 and 342
Chonges rcceivers le,tives muclì to be desired.

There is inaclequrìte gaìin for recep-
tion of weitk signals on crystrìl filter, the frequency re-
sponse is cluite poor (though intentionallv so for mili-
tary use ), and the hurmonic distortion is severe. All
these undesirable coì'ìditions wcìre overcome bv the
relativcìv simple c'hirrrgc in tlrc, auclio systern shown
in Figtrre 80. A 688 diode-pentode wiìs used to re-
placc the 6R7 dioclc-tl iode previously used, rìnd the
6F6 u'as replacecl u'itlr a 6V6. Shturt feedback from the
plate of the 6V6 to 1l1c plate of the pentode section of
the 688 \\'as used to improve the frecluency response
and rcduce l)armonic distortion. Also, the feedb:rck
rìlmost completely eliminatcs the l ium in the audio
svstem of these reccivcrs. TIte cathode resistors for tlie
tu'o stages \\'ere left the samc, but an itclditionrìl 25-
pfd. 25-r'olt electrolytic wrìs plrìced across tlie cathode
lesistor of thc 688 so thitt the [arin corìtrol would
completclv cut off the iurdio output s'hen ttrrned cleiu'
dou,n in tl ie it.v.c. position.

Tìre audio transforn-ìc.r' tlrat u.as usc(l in thc plate
circuit of the 6Iì7 is r('rnoved frorn the circrrit btrt n'as
left in placc: sir-rce the spacc wits not rc.(lrlired and it
apperìr('cl to be difficult to remove. \\/he-n iì noise
silence.r, to be describcd later. is to be usecl in receiv-
ers of the BC-3.12 serics, it n'orrlcl probiiblv bc best to
rc'lnove tliis transformer itncl institll the noisc lirniterr

CONNECT TO IH€SE NUMAERS ON RECETV€R CONNECTOR

I  I  3  |  2  6  . t O  I t  E  7
tube in the place formerly occupied by the transform-
er, since the presence of the power supply inside the
receiver will preclude installing the noise silencer in
the place shown in the photogràph of the BC-812.

If desired, the volume control and gain control
system can be left unmodified, in which case the green
wire coming from S12 is removed from the bottom end
of R4e on the Group I terminal board on the right out-
side wall of the chassis and run to the noise silencer.
The grid leak on the porver audio tube R33 is removed
and changed to a 470K ló rvatt. Capacitor C6 has been
added to couple to a conventional 5000 to 8000 ohm
output transformer on the external loudspeaker. The
impedance ratio of T2 inside the set is 7:l so that an
impedance of about 1000 ohms is required on the
speaker transformer if the audio output is to be taken
through transformer T2. Due to the voltage step down
in T2 the secondury of this transformer was used to
feed the phones. The 60-ohm filament current equal-
izing resistor Ra7 should be removed, and if a 7A6
is used as noise limiter its heater should be placed
across the heater of the 6V6-GT. In any event it is
wise to ground terminal 7 of the socket for the 688 to
insure that all the tubes will be operating at proper
heater voltage.

F igu re  80 .
C H A N G E S  I N  T H E  B C - 3 I 2  R E C E I V E R

Unmotked componenfs ore o l reody in  the receiver  and need not
b e  r e m o v e d  o r  r e p l a c e d .

C r - O . l  - r f d .  4 0 0 - v o l t  t u b u l o r
c . , -25- l rd .  25-vo l t  e lec t .
C r -0 .1  -u fd .  A0O-vof  t  tubu lo r
C , - 0 . 0 5 - r r f d .  4 0 0 - v o l t  t u b u l o r
C : - 0 . 0 1 - r f d .  4 0 0 - v o l t  t u b u l o r
C i - 8 - 1 1 f d .  4 5 0 - v o l t  e l e c t .
Rr - l  00 ,000 ohms t r i  wot t
R: ,  R , ' - l  ,0  megohm t /2  wot t

R,, R;-470,000 ohms Vz vr.t t t
R , ' -1  .0  megohm /2  wot t
R- - l  .0 -megohm poten t iometer
R ' -220,000 ohms /2  wot t
R,,,  Rrrr-47Q,000 ohms 1/2 wott
R r r ,  R 1 1 - 2 2  o h m s  2  w o t t s
RLr -Re loy  ins ide  rece iver

R 4 -  R s

8 i  I  05  v .  REGU -
LA t€O TO OSCTL-
LATOR



MeNuar-. Vor-uvB III 67

Figure  81 .

BC-348P RECEIVER,  SPEAKER
AND POWER SUPPLY

fhe pover supply is mounted in the
speoker housing.

Noise The noise silencer shown in Figure 80 has
Silencer been found to be verv effective on the 14-

N'fc. band, and on the 28-NIc. and 50-Mc.
bands r.vhen a converter is used ahead of the receiver.
One half of a 746 tube has been used, and since this
tube drarvs only 150 ma. of heater current the heater
may be fed with a balance to ground by mearrs of two
22-ohm 2-watt carbon resistors from the 12.6-volt
heater line. Or, if desired, the heater may be placed
in parallel with the 6V6-GT heater as discussed in the
previous paragraph. One half of a 6H6 or 6AL5 tube
could also be used for the noise limiter, but these lat-
ter tubes require 300 ma. of lieater current, It is
possible that a 12H6 could also have been used, but
one has not been tried. Make sure that the returt for
the noise l imiter (the bottom end of Cr, Rr and Ra)
is made to the cathode of the 688 and not to ground-
if the return is made to ground proper noise-limiting
action rvill not be obtained. A srr'itch Sl has been pro-
vided to take the noise silencer out of the circuit. since
the circuit does introduce a detectable amount of dis-
tortion on a short-wave broadcast program.

Goin Control It is a convenience in a communi-
Chonges cations receiver to have a separate

conuol for audio and r.f. eain. To
accomplish this in the series of receivers under dis-
cussion it is suggested that the dual control at the top
of the panel be replaced b1, a single )ó-megohm audio-
taper potentionmeter. Cir and R32 are removed, and
the low-potential end of the audio gain control is
returned to sround. The r.f. gain control leads can be
pulled dorvn to the undersidé of the chassis and con-
nected to a separate 15,000-ohm r.f. gain taper rheostat
rvhich can be placed either in the position formerly
occupied by the MIKE jack or just to the right of the

SEND-RECEIVE su'itch. The a.v.c. position of the
switch u'ill still short out the r.f. sain control in the
conventional manner.

Control In the case of the BC-312 receiver as shorvn
Circuits the 9-terminal por,ver-connection strip was

removed and the somewhat unsightly multi-
connection receptacle on the front panel was removed
and replaced by the "i.f. output" coaxial receptacle.
Power and control connections rvere brought out to a
1,2-contact Jones P-312-RP connector which was
mounted by means of a bracket to the rear of the
chassis. The receptacle was aligned rvith the hole
which already exists on the rear of the cabinet hous-
ing. The connector on the end of the power cable is a
Jones S-312-FHT. The key, shorting relay, and switch
inside the receiver were then rewired to connections
on the connector on the rear of the cabinet as shown
on Figure 80. The srvitch is connected so that it is in
series with the center tap of the porver transformer.
Since a l2-volt keying relav is used on the transmitter,
the antenna-shorting relav inside the receiver was
wired so that it closéd "r,"iv ti*" the transmitter kev-
ing relay closed.

In modifying the BC-342 series of receivers the
external control circuit connections for the transmitter
can be brought out of the front panel by replacing
the connector which is installed on the front panel by
an Amphenol MIP-8 octal socket, which fits the same
mounting holes.

Hints on the BC-348 Series Receivers
The BC-348 series of receivers are quite satisfac-

tory for comrnunic:rticns use in the amateur station,
but as in the case rf the BC-3I2/BC-342 series. there
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Figure 82,
REAR VIEW OF THE BC-348P

ASSEMBLY.
Showing the powet supply mounted
in the spoker housing and the
oclat poweÌ piug on the eeceiver,

are several minor modifications lvhich may be made
to improve the performance and flexibilitv of the
equipments,

BC-348Q Generol The BC-348 series of receivers
lnformqtion miiy be operated rvith the heater

circuits unchanged from a 26-
volt a.c. supplr'. But a porver transformer rvith such a
filament rvinding is not rcrrdilv availarble (erlthough the
C-228 transformer mentioned in connection with the
BC-3I2 may be used rvith the filament rvindings in
series ) so it is in most cases best to rervire the heat-
ers for operation from 6.3 volts. This means that one
side of the heater of each tube should be srounded
and the other side should be broueht out ai a com-
mon for feeding from the 6.3-r'olt line. In many cases
the orieinal "sèriesins" rvires betrveen tube sockets
ma.v be used either fòr the grounded side or the hot
side of the l.reater circuit, recluiring addition of ferver
wires and a solution to the problem of rvorking in
cramped spaces.

The a.c. power supply for the receiver may be
mounted in tl.re space formerlv occupied bv the dyna-
motor if space considerirtions and portability are very
important. Hor.r'ever', this procedure is not desirable
from the stilndpoint of ventilation since an a.c. power
supply dissiprrte's .ì great deal more heat than the dy-
namotor origintrlly instnlled. The spnce is more useful
for additions to the receiver such as a noise limiter,
an extri.r audio stage, or a broad-band converter.

The externarl a.c. operated pou'er supply may be
made somew'hat oversize for operation of a frequency
meter or a converter or an additional station accessory.
In this event it is desirnble to be able to ground the
negative leacl of the plite supplv, rvhich is not done
on the BC-348Q. It is necessauy to change the bias

circuits of the 6K6-GT audio stage and the 65A.7 con-
verter to accomplish this. The first step is to ground
the B minus and remove connections to choke 155-B
and resistor 108-2. This leaves both the above stages
unbiased. A 470-ohm 2-u'att resistor should be placed
in series u'ith the cathode terminal of the 6K6-GT
audio strrge. A 25-r'olt 25-pfd. electrolytic capacitor
should be pliiced ircross this cathode resistor.

About 1.8 r'olts of biirs is used on the grid of the
6547 convcrter stirge. To obtain this, resistor l0B-1
in the cscillirtor can should be clipped out of the re-
ceiver. The contact at the junction of this resistor and
resistor 87-2 is available as a projecting lug. Lrpon this
lug mav be mounted a standald miniature bias cell
rvith thc positÍve side grounded trnd the negative side
to the lug.

Audio Addition of a noise-limiter (see
Considerotions Radio Hotttlbook) rvil l  improve
in the BC-348Q operation in the presence of igni-

tion interference on the 14-Mc.
band and is almost a necessitv for use of the receiver
rvith a converter on the lS-\ic. or 50-\lc. bands. The
addition of an extra stage of auclio is also desirable.
especiallv for use rvith thc cn'stal filter on 14-Mc. c.w.
Tlie added tube mav be a 6SF5 triode with conven-
tional circuit valuers (see iinv standard reference), or
a 6SJ7 stage u,ith feeclback'mru' be added.

Difficultl'mav bc ctrcottntered rvith the audio sys-
tem of the receiver afti'r the addition of the audio
stage and the noise lirniter due to the common cathode
resistor on the second detector and the third i.f. stage.
This trouble m:ry be avoided bv isolating these two
cathode circuits. The lead betrveen the two cathodes
is rernoved and resistor 105 is either removed or short-
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ed. This leaves the third i.f. stage with resistor 102
and capacitor 6l-4 in its cathode circuit to ground.
The cathode of the second-detector tube is now
grounded to the chassis. The large capacitor can 70-A
and 70-B may now be removed to make additional
room inside the equipment. The 6-pfd. section is ideal
as a portion of the filter capacitance in the external
power supply. The lead -at the low-potential side of
the third i.f. transforrner should be opened and the
noise limiter inserted at this point. Capacitor 27-3
should be left to by-pass the secondary of the trans-
former. The on-off switch for the noise silencer may be
placed in a panel position in place of one of the head-
phone jacks.

Mechonicol If a plug to fit the rear connector
Considerqtions block cannot be secured, an octal

socket may be fitted into the set by
liberal use of a round file and then by drilling and
tapping mounting holes for the socket. If the cast
aluminum guide box is removed from the case it wíll
not be necessary to enlarge the rectangular hole in
the case to pass an octal power plug,

A socket punch may be used to make two holes in
the back of the case. One hole is used to pass the plug
for the speaker connection, and the other hole to reach
a two-post terminal strip which is rvired to the receiv-
er silencing circuit (terrninals 2 and 6 in the circuit
diagram ). These two terminals may then be shorted
or wired into the transmitter control circuit in such a
manner that the receiver is disabled whenever the
transmitter is on the air.

The seriesed dial lamps should be parallel and
connected to the 6.3-volt heater circuit with the dia-l
light control resistors lll and 81 out of the circuit.

BC-348E, M, Changes in this series of receivers
ond P Receivers are generallv the same as in the

(J ) ,  (N ) ,  and  (Q)  se r i es  o f  348 ' s ,
except that onlv the porver audio stage must be modi-
fied when grounding the negative lead of the power
supply. Also, tlie second detector arnd third i.f. stage
cannot be isolated since they are in the same tube
envelope.

Fisures 81 and 82 show a convenient method
wherety the power suppll' for a BC-3'18 series re'
ceiver may be mounted in the housing for the loud-
speaker.

A 120 to I40 Wott Modulotor from the
BC-375 or BC-I9l

One way in'ivhich to solve the problem of making
good use of the BC-375E or the BC-f91 is to dis-
àssemble the tr-rning drawers for components, use the
housinss for the tuning drawers as cabinets for ac-
""trory'pieces of test èquipment, and use the main
housing of the transmitter along with the audio trans-
formeri and miscellaneous other components to as-
semble a modulator. Figures 83 and 84 show one such
assembly which operates quite satisfactorily.

Figure 83.

MODULATOR AS MADE FROM A BC-375E.
lhe ,ront cover hos been removed lo srtov trte placement ol

componénts on úhe nev chassis.

All components on the upper deck were removed,
including the chassis, and a new chassis was bent from
sheet aluminum to hold the components shown in
Figure 85. The end of the main housing which held
the antenna tuner was sawed off as unnecessary, but
it might be retained to house the power supply for the
modulator if components of the proper dimensions
should be obtainable. The components mounted on the
upper deck of the chassis include the power supply
for the speech amplifier, a simple regulated bias cir-
cuit for the negative 100 volts on the 2ll grids, and
the audio transformers.

The clipper-filter audio amplifier and driver is
mounted in the housing for one of the tuning drawers
after alì the r.f. components had been removed' The
circuit for the speech amplifier is shown in Figure 86.
An additional panel rvas placed in front of the original
panel to covel the multitude of holes that had been
ieft by removal of the r.f. components. The clipper-
filter speech amplifier is quite conventional, ending
in a single-ended 684-G which acts as driver for the
2ll's. Provision has been made in the input circuit of
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AN/ART-I3 Autorune Aircroft Rodio
Tronsmitter

The AN/ART-l3 Autotune aircraft radio trans-
mitter makes a very satisfactory amateur transmitter
for phone and c,w. operation on the 80, 40, 20 and 10
meter bands. Under normal conditions the transmitter
operates yery stably and puts out a cleanly modulated
or smoothly keyed signal rvhen it is running about
200 watts input. The Autotune feature is a great oper-
ating convenience rvhether the tr:rnsmitter is to be
remotely controlled or controlled from the operating
position. lVith the circuit modifications describeà
herein the Autotune system allou's operation on l0 pre-
set frequencies throughout the 80, 40 and 20 mèter
bands and one additional frequencv in the l0 or Il
m^eter ba-nd. Operation with phone or c.w. on any one
of these frequencies i,s obtained simph' bv rnoving the
panel selector srvitch to the desired position-and
waiting approximately 25 seconds for the Autotune
system to operate. If desired, several frequencies sep-
arated by not more than about 50 kc. màv be set rip
in the 28-Mc. band with an increasine r'eduction il
the frequencies available for lower frequency opera-
tion.

w
Figure  84 .

REAR V]EW OF THE BC.375E MODULATOR.

the speech amplifier for both a single-button micro-
phone and a cry'stal-microphone input, with a switch
S to select either input circuit. The clipping level con-
trol R1a, must be substantially full open for maximum
undistorted output from the 9ll tuÈes in the output
stage.

Measurements of the complete modulator, with a
1250-volt power supply feeding plate voltage to the
2ll tubes, showed that it was possible to obtain 120
watts of audio output from the tubes with no distor-
tion discernible to the ear or noticeable on the oscillo-
scope. An output of I45 rvatts rvas obtained with an
amount of distortion rvhich r.vould be quite tolerable
for amateur communications work. No heatins of the
output transformer was noticed rvith 120 watti output
from the stage into a 7000-ohm load resistor over a
test lleriod of about one hour.

The 7000-ohm load impedance could be represent-
ed by a Class C modulated r.f. amplifier operating
from the same plate supply as the 211's (1250 volts)
at a plate current of 180 rna. This represents an input
oÎ 225 watts to the Class C stage, an amourrt which
may be modulated without difficulty by the modula-
tor unit.

P L A î E  + 9  - 8  i  t 5  v . ^ . c .
ca4G

Î O  S P E € C H  A M P L I  F I E R

FíEure  85 .
MAIN ASSEMBLY SCHEMAT]C OF THE BC-375E

MODULATOR.
C' -8-p fd .  45O-yo l t  e lec t .
Ct-40-pld. 35O-yolt elect.
C: ,  Cr -8- i r fd ,  450-Yo l t  e lec t .
Rr - l00 ,000 ohms Y '  wqt t
R ' -7500 ohms Io  là r ts
R, -5000 ohms l0  wot ts
R, -50 ,000 ohms 20 wot ts
Tr -Dr iver  t rons .  f rom 375E
T"-Mod. trons. from 375E
Tr-10-vo l t  ó .s -omp.  f i l ,  t rons .

Tj-700 v. c.t. 90 mo., 5 v. 3
o . ,  ó .3  vo l ts  2  omperes

C H - 1 2 - h v . 9 0 - m o .  c h o k e
MA-0-500 d .c .  mq.  f rom 375E
V-Voltmeter f rom 375E
Sr-Phone c .w.  sw i tch  f rom 375E
S"-Moin  o .c .  l ine  swi tch
S,-S.p.s.t. test switch
SOr, SO-Twistlock receptocles

î-cr \y_,,
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SCHEMATIC

Ct-25 - pÍd. 25-Yolt elst.
Cu-0 .1-g fd .  400-Yo l t  tubu lo l
Cr-8-pfd. 45O-volt elect.
Cr-0.0.| -pfd. 400-volt tubulor
C: -0 .1  -p f  d .  400-vo l t  tubu lo r
Qel75-ppÍcl. mico
Ct, Cs-2O0-ppfd. mico
Cr-0.01 -pfd. 400-volt tubular

{ osNzcr
{  osrzcr

Figure 86.

OF CLIPPER-FILTER SPEECH AMPLIFIER FOR THE BC-375E

Rr500,000-ohm potentiometet
Rr - l00 ,000 ohms I  wot t
R\-100,000 ohms /2 ìrott
R ! -100,000 ohms I  wot t
Rre330 ohms !/2 wott
Rrr, Rr:-ó20 ohms y2 vott
Rrr--{7,000 ohms I wott

IO H€ATERS OF
OTHÉR fUA€3

MODULATOR

Rrr-250,000-ohm potentiometel
Rrs-750 ohms l0 wotts
Tr-Mike-to-9rid tronsformel
Tr-ó.3 volts ol 3 omperes
CH-3.5  to  3 .75  henry  choke
Jr-Crystol-míke iock
J-Corbon-mike  jock

Ctr25-ufd. 25-Yolt elect.
Crr-l O-pfd. I 0O-volt elect,
Rr-ì.0 megohm /2 vott
Rr-1300 ohms 72 wott
Rr - I .5  megohms V2 vo t t
R,-220,000 ohm 72 vott
R5---47,000 ohms /2 vott

Power The major change required to adapt the
Supply ART-13 for amateur use is that of providing

for operation of the equipment from the
115 volt a.c. line. All other changes described are in
the nature of operating conveniences or are for the
purpose of obtaining operation in the 28 NIc. region.

The simplest way of converting the equipment is
to provide a solrrce of 26 volts d.c. at about 9 amperes
for operation of the tube filaments and heaters and for
the relays and Autotune motor. Conventional a.c. oper-
ated power supplies are then used for plate and grid
bias voltages. Horvever, due to the difficulty in ob-
taining componcnts for a high cnrrent 26-volt d.c.
supply, it was deemed desirable in the conversion
portion to use a rl-amperc 26-r-olt d.c. supply for the
heater tubes lelal's rincl Autotune motor, and to supply
tlie filaments of thc 813 and thc 811 from filament
transformers.

The pon'er supplv unit shou.n in Figure 88 has
been designed and constructecl especially for opera-
tion with the AN/ART-I3 transmitter. In addítion
to a complete set of contlol circuits the unit supplies
the follou'ing potentials to tl-re ART-13 through the
power cable: 1250 volts at a miìximum of 300 ma.,
400 volts at 225 ma., 26 volts at 4 amperes, 350 volts
of negative bias for keying the 813, and 115 volts a.c.
for the blorver and for the fil:rment transformers for
the 811's and the 813. The power supply is housed in
a standard cabinet which takes a 121í bv 19 inch front
panel, Careful component placement is necessary to
house the power supply unit in a cabinet of this size.

Several of the components used in the 26-volt d-c
supply are surplus items since standnrd manufactured
items are not available, In certain cases it rvill be
necessary to have either the transformer or the filter
choke for the 26-volt d.c. supply made up especially

{or the job. If a 10-ampere 26-volt output selenium
rectifier is obtainable it will probably be best to have
a l0-ampere power transformer and choke rvound also
so that no changes will be required in the filament
circuits of the transmitter. The high voltage power
supply and control circuits can be the same whether
the filaments are all liehted from d.c. or some of them
are l ighted from d.c. irnd some from a.c.

Initial operation of the equipment at full input
for a period of time showed tl.rat considertrble heating
takes place in the region behind the plate tank circuit
for the 813. It s'as therefore dcemed desirable to in-
stall a cooling exhaust blorver on the back of the
equipment. The particulirr blorver used is a surplus
item but similiu a.c. operated blou'ers running at ap-
proximately 1500 r.p.m. are avnilable from the larger
hardware stores. \\zith this blorver in operation the
unit runs quite cool and overheating of components
is completely eliminated even rvith long periods of
operation. In the particular unit shown in Figure 87
the blower has been mounted in a box on the rear of
the housing fol the transmitter rvith the filament trans-
formers foi the 811's and tlie 813 also included within
this box.

Control A time-delay reìay rvhich operates from
Circuit the 26-volt d.c. supply has been included

in the equipment to insure that all tubes
have reached norrnal operating temperature before
plate voltage is arpplied. If a 26-volt time delay is not
available, a 115-volt a.c. relav of the same type may
be used. Protective interlocké have been oro.'ìd"d itt
the power suppìy unit and in the actual ìabinet for
the ART-13 transmitter. These trvo interlocks are con-
nected in series and in turn the two of them are con-
nected in series with the lead to the plate porver relay
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Figure 87.

TOP OF THE CONYERTED
AN/ART- I  3 .

The boy. contqinìng the btover dnd
the l i lomenl ttonslormets lot lhe
813 ond t f ie  8 t t ' s  cqn  be  seen on
the tesr olongside the smoll box
vhich holds the 6L6 multiplier Íor
the 28-Mc, bond. I�hè 28-Mc. tank
lot the 813 csn be seen inside trre

Cdbinet.

RYl so that plate voltage cannot be applied to the
transmitter if the cover has been removed from the
ART-13 or if the top door to the power supply box
has been opened.

Provision has been made in the control circuit for
the transmitter so that when S111y on the front of the
ART-13 or its counterpart at the remote control posi-
tion is moved from the off to either the voice or the
c.rv. position, the transmitter will be turned on. Since
this switch closes a circuit to ground, it was necessary
to find an isolated source of potential to operate the
main control relay. This source of potential was ob-
tained by leaving the small transformer Ta connected
across the line at all times that the unit is plugged into
the socket. However, when the transmitter is switched
off there is no power drain from any of the secondaries
of this transformer.

The push-to-transmit circuit which has been in-
cluded in the power supply unit is very pleasíng to
operate and relatively simple in design. It consists of
a single 6C5 tube operating from the bias supply along
with its associated components. The complete circuit
is shown in Figure 88. When the key is up relay RY;
is open and the voltage drop across R; to the slider
is impressed cn the grid of the 6C5 tube, cutting off
its plate current. When the key is pressed RY5 closes

and the right-hand side removes the blocking grid bias
from the 813 by shorting the grid return to ground
through Re and CH6. These lutter tu'o components
in conjunction rvith Cs make up .ì \'en' effective key-
click filter. The effectiveness of the circuit is illustrat-
ed by the fact that clicks cannot be heard from the
transmitter on a communication rcceiver tuned to the
same band for break-in c.rv. operrrtion.

At the same time that RY.; is closir.rg, the other set
of contacts on this relay shorts thc grid of the 6C5
to its cathode, causing full plirte current to flow
tìrough RYo and Rr, thus cìosing RYa. When RYa
closes the antenna chanqeover relav in the ART-13
operates and plate voltage is iipplieé to the transmit-
ter by RYr. Then when thc ker. is lifted RY5 opens
so that plate current to the 813 is stopped, but due
to the time constant of tlie R,;-Cc combination, plate
current still flows through RY,;. Hence the plate volt-
age remains on the transmitter and the antenna relay
is still in the transmit position. The transmitter re-
mains in this condition until the voltage across C6 has
built up to such a value thtrt RY6 drops out, changing
everything back to the receive condition. The amount
of this delay is variable, by adjustment of potentio-
meter R;, from a fraction of a second up to about 15
seconds. The normerl setting is for about 3 seconds so
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iI l '*
)  

* e '

Ct, Cr-4-pÍd. | 500-volt
copocitofs

Cs, Cr-4-pÍd. ó0O-volt
coPocitors

Cs-l O-p"Íd. óOO-volt coPocitor

Cc-0.5- pÍd, 600-volt tubulor

Cz-0. t  -pfd.  400-vol t  tubulor
Cs-0.05 -pfd, 400-volt tubulor
Cs-499O-p,Íd. 50-volt elect.
Cro-8-rrfd. 450-volt elect.
R1-50,000-ohm | OO-wott

bleeder
Rz, Rr-22 ohms 2 wotts

R{-10,000 ohms l0 wotts
Rs-l 00,000-ohm Potentiometer
Rc-2.7 megohms y2 wott
RT- !5 ,000 ohms l0  wot ts
R\-50,000 ohms 20 wotts
R,,-15,000 ohms 2 wotts
Tr- t  500 v.  eoch side ot  300

rno.,  400 v.  eoch side ot
175 lno . r  common c . t .
( urc PA-303)

T:r-5 v.  3 c. ,  2.5 vol ts l0 o.
Tr -700 v .  c . t .  70  mc. ,  5  v .2  o . ,

ó .3  v .  2  o .  (UTC R-2)
Ts-35 yol ts ot  5 q.  (speciol)

CHr-250-mo. swinging choke
CHz-250-mo. f i l ter  choke
CH:r,  CHr-200-mo. f i l ter  chokes
CHs-0.05 henrys ot  4 omp.

(speciql)
CHe-l  3-henry óS-mo. f i l ter

choke
RYr-28-volt d.c. 4-pole d.t.

re loy
Ryz-l | S-volt q.G. 2-Fole relcy
RYs-ó.3-volt or 5 volt 2-Pole

reloy (RYz ond RYs mcY be
combined if conto€ts aÍ

+ 2 6  V .

5 V .

STANO6Y

H . V .  O N

ANTENN/
C H A N G E

O N . O F F

1 f 5 V .

O-
+26 V.

P L A T E

6 r 3
a t A s

+400 v.

-  
f i3  V .A.C.

RYs con cqrry obout 8
ompefes ond if 3 Gontocts
ore  ovo i lob le . )

Ryr-28-yolt d.c. t ime-deloy re-
loy ( l  lS-vol t  o.c.  t ime-de-
loy relqy msy be usd
ccross Primory of Ts iÍ 28-
volt reloy not ovoiJ.)

RYs-28-vol t  d.p.d. t  keYing
feloy

RYc-2500-ohm sensitive reloy
Elimstot-A.c. l ine fi l ter

C s  C H t  l C c  C H a  l C s

I  NTERLOCK

Figure 88.

SCHEMATIC DIAGRAM OF THE POWER SUPPLY FOR THE AN/AR,T.I3.

that the plate voltage will remain on for the normal
short pauses in a c.lv. transmission but will drop back
to the receive condition 3 seconds after a transmission
has been completed.

Chonges in It is necess ary to make a certain
ART-I 3 Control number of modifications in the
Circuits various circuits of the ART-13 in

order to allow the equipment to
operate from the power supply unit described before

rna illustrated in Figure 88. It is necess ary first that
the meter switch circuit be changed in the following
manner: Remove ground from bottom end of Rrrt
(235-ohm resistor ) and connect this end of the resis-

tor to terminal A2 of Sron. Remove the wire that now
goes to terminal Bs of Srnn and connect this wire to

lerminal Az of Sror along with the bottom end of

Rr' above. This series of changes brings the grid
return of the BI3 tube out to terminal 2 on the main
power Connector Jtoa.

The following changes are required in the power
control circuits: Ground the lead inside the cabinet
which now goes to terminal 8 on fros. Remove the
lead now going to terminal L4 of Jrra which is mounted
on the side of the antenna changeover relay Kror. In-
sulate this lead. Now run a lead from terminal 8 of |ros
to terminal 14 of Jrru. A lead is now run from terminal
2 on the loading coil relay connector jroz to terminal
C in the power supply unit. This is the only lead
brought out of the transmítter which does not go
through the main power connector Jros.

Tlie filaments of the 813 and of the 811's should
be re-wired to operate from separate transforrners
mounted on the rear of the equipment. One side of
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the filament may be left grounded on the 818 but the
center tap of the filament supply to the 811's must be
grounded in order to eliminate hum modulation on
audio peaks. The primarv of the filament transform-
er and the cooling blower for the equipment should
now be connected to terminals 6 and g on Jros. These
terminals are supplied rvith 115 a.c. from the power
supply unit rvhen the equipment is in operatio;. The
driver transformer returns which formerly went to one
side of the filament of each 811 are now grounded. to
the chassis of the transmitter.

Several changes may be made in the viciniW of
the high-frequency,/lorv-frequency relay K1,r; whether
or not the lO-meter band is to be included in the
transmitter. In [he first place the low-frequency choke
Lro-c Tay as well be removed from its present position
and Cr:s mounted in the space formetly o"c.,pbd by
Lrosr. One additional hole must be drilled in the fire
rvall of the equipment. It is suggested that a protective
interlock norv be mounted in the position formerly oc-
cupied by Cr5 on the fire wall of the transmitter. The
leads to this interlock should be connected in series
with the lead now going to terminal 3 of Jr63. The
interlock should of course be mounted in such a
manner that it is closed onlv when the cover is firm-
ly in place on top of t lre transmitter.

A slight increase in operating convenience can be
obtained through replacing the 0-5 r.f. ammeter with
a 0-300 or a 0-500 d.c. milliammeter. The r.f. trans-
former T162 ma! be removed after the leads have been
clipped by unscreu'ing it from the chassis. \Vith the
installation of this additional milliammeter it is possi-
ble to read grid current and plant current on thè 813
simultaneously.

Converting for The conversion of the ART-13
28-Mc. Operotion for 2B-N,Ic. operation mtry, be ac-

c'omplislred in several úifferent
rvays of varying difficulty. Horvcver, in converting the

unit showrr in the photographs it was felt that a con-
version method which did not involve any dis-assem-
bly of the Autotune mechanism and which reouired
no changes in the exciter of the transmitter *oúld b"
best. So it was felt best simply to add a 6L6 outboard
tripler stage on the rear of the transmitter in the vicin-
ity of the grid of the 813. The 6L6 tripler is fed energy
from the 1625 second mr,rltiplier in tlìe ART-I3 in tÉe
9-.0 to_ 10.8 Mc. frequency range. The plate circuit of
1!e 6L_6 then may, be tuned to ìnv freqìency between
27 and 32.4 Mc. for feeding excittrtion to tire grid of
the 813 amplifier. In fact, il desired, the 6L6 riay be
used as a doubler from the same frequency range to
deliver excitation to the grid of the gi3 in lhe Zt"-Mc.
range.

The 6L6 multiplier is housed in 2,, by 4,, by 4,,
standard metal "cabinet" 

which l"ras been mounted
to the side of the cabinet which houses the blolr,er and
the filament transformers for the 811's and 813. 51 in
the circuit diagram of the multiplier, Figure gg, may
be either a double-pole double-throw ceramic srvitch
or a 28-volt d.p.d.t. relay which may be operated
from the 28-volt supply for the transmitter. In the
particular unit shown in the photographs a switch is
used but it is planned to replace [hJ switch with a
relay for completely remote operation of the trans-
mitter. The relay will be operated by another set of
contacts on the channel-selector switch which rvill be
closed whenever the 28-\Ic. band is chosen. Heater
voltage for the 6L6 mav be obtained from a small
transformer or from the suppll' for the 811's if they
are operated from a.c.

The circuit of the 6L6 multiplier is otlierwise quite
conventional except for the mìnn"r in u'hich ilate
voltage is obtained for the 6L6 multiplier. Carefúl in-
spection of the circuit diagram of the ART-13 will
show that the 400 volts appliecl to the plate of the
1625 multiplier appears actoss onlr- onc. scction of the
ptrdder capacitor C11; at a time ancl onlr. rvhen that
particular section of the paddt'r citp.rcitor is in use.
H9n9e, by connecting an r,f. chokc to padder capacitor
rvhich is used to excite tlie grid of tlie 6L6 in ihe g.O
to I0.B N{c. range, 400 volts front tlie exciter power
supply may be obtained bv filtcrinq tlie r.f. out if the
d.c. line rvith an r.f. choke .uid ir br -pirss capacitor. A
50-irpfd. mica capacitor is the.n used to excite the erid
of the 6L6 multiplier frorn tlie liot side of the r.f.
choke. In this way the 6L6 multiplic'r is completely out
of the circuit except rvhcn control A is in position g.

The lead from couplinq crìpacitor C116 to the grid
of the 813 is broken and a lead brought out from each
side of the point rvhere tlre connéction is broken.
These two leads are then connected as shown in Fie-
ure 89 to the 6L6 multiplier unit. One set of contac{s
on 51 is used in addition to close K1s;, which switches
the plate of the 813 from the network used on the
low-frequency bands to the separate 28-NIc. tank

1 7  4 . 2 W , ,  R E S T S î O R ,
o L o  1 5 1 .  N . 2 4 A R O U N O  I t

7 î .  N.J4 3/4'
D I A ,  f "  L O N C

Î o  c L o s €  K - t o 3

........-
6.3  V.  tO 6LO HE^T€R-

F igu re  89 .

SCHEMATIC  OF  THE 28 .MC.  MULT ]PL IER  STAGE.
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Figure 90.
SCHEMATIC OF THE SIMPLE

LM POWER SUPPLY.
îha s-vott and 6.3-volt windings on ment voltaEe meosqres about ll.9
the trdnsrormer dre connected in vot-ts on the lilomenl lead. This
series ro obtaìn titament vottase íi,y;.#'rt:ÍflZ|'i"Yr?!:r{!,:î il:"ior the LM. Due úo úhe lìght lo.ad ;;;i;;";"È;';;; 

-i;-ii,;-ìrr;L";;i

on the lilament vindìngs the lilo- Meter.

rrgure I I

PHOTOGRAPH OF
THE SIMPLE LM
POWER SUPPIY.

An LM frequency mete' is
shovn olongside the power

supply lor compoúson.

which has been placed in the position inside the
cabinet of the ART-13 which was designed to hold
the low-frequency oscillator unit. In the particular
transmitter shown the 2B-Mc. tank for the BIB con-
sisted of a 6-turn coil of number l0 enamelled wire lli
inches in diameter and Lló inches lone. A two-turn
link feeding a piece of 300-ohm line is then run over
to the left wall of the transmitter where it terminates
in a pair of terminals. With this tank the 8lS dips to
about 30 ma. on 28 Mc.

The two terminals which close K165 may be picked
up as terminals 7 and 4 on the connector Jrrs which
feeds plate and filament supply to the multiplier unit
of the ART-13. Two leads from these two termin-
als are run to the 6L6 multiplier unit so that they are
closed whenever the 6L6 is in operation. With the 6L6
frequency tripler as shown it is possible to obtain half
scale on the grid current meter throughout the 2B-Mc.
band; this represents about 8 to g ma. of grid current
on the 813.

Note in Regord The output network of
to the Outpur the AN/iRT-I3 is de-
Network of the ART-13 signed to operate as an"L" 

network on freouen-
cies up through about 5 Mc. This is required sincè the
transmitter was designed to feed an antenna installed
on an aircraft which would have a verv low radiation
resistance at these low frequencies bui would. have a
relativeìy large value of capacitance to ground. This
network will not feed satisfactorily the type of an-
tennas commonly used by amateurs for fixed-station
use in the 3.5 to 4 Mc. beutd. Hence it is desirable to
convert the L network into a pi network when operat-
ing on the 8O-meter band. The simplest way io do
this is merely to place a capacitor of 100 to 4b0 pg.fd.
from the -COND" 

terminal on the left end of the
transmitter to the ground terminal on the case. A
variable capacitor may be used to determine the best
value for this capacitor, and then a fixed air capacitor
or a ceramic transmitting capacitor of the type used
in the transmitter may be hooked in place. Experiment
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showed that a value of about 200 ppfd. was best for
feeding a folded dipole with 300-ohm twin line on
the 3.5-NIc. band.

Tests of the completed transmitter have shown that
there is no appreciable increase in output after the
plate current on the 813 is increased above 160 ma.
This represents a power input of 200 watts at 1250
volts and the plate circuit efficiency runs from 70 to
75 per cent on all bands. The out-of-resonance plate
current rvill be from 180 to 200 ma. with normal exci-
tation, and antenna coupling should be adjusted until
160 ma. of plate current is drawn by the 813 tube.

Simple A.C. Power Supply for the LM
Frequency Meter

Figureq 90 and 91 illustrate a very simple power
supply for operation of one of the LN,I series frequen-
cy meters from the 115-volt a.c. line. Plate voltage for
the frequency meter is obtained from a small power
transformer s'ith a 6X5-GT rectifier. Due to the very
low plate current requirements of the frequency meter
a resistance-capacitance filter has been used on the

plate voltage supply. With ihe transformer shown and
the values of resistance and capacitance listed the
plate voltage supplied to the frequency meter is 255
volts. This voltage is sufficient to cause the neon regu-
lator tubes to strike with certainty when the voltage-
change strap in the LM is adjusted to the 200-260-volt
position.

By connecting the trvo filament windings on the
power transformer in series it is possible to obtain
adequate heater voltage for the frequency meter. Due
to the light load on these two filament windings the
voltage applied to the LNI under normal operating
conditions is 11.9 volts; this value of voltase is well
within the plus or minus 10 per cent heatèr voltage
limit on the tubes used in the equipment. Through the
use of a 6X5-GT rectifier, rvhich has the heater well
insulated from the catlode, the rectifier may be light-
ed from the same filament rvindings, rrùich lieht the
tubes in the frequency meter. No changes rvÉatever
are required inside the LM frequencv meter rvhen it
is used with the power supply shown in these illus-
trations.

L r s T  o F  E Q U T P M E N T
on which dsto is given in Volume I of the

"Surplus Rodio Conversion Monuol"

BC-221 Frequency Meter

BC-342 Receiver

BC-312 Receiver

BC-348 Receiver

BC-412 Rodor Oscilloscope (Conversions for
TV Receiver ond Test Oscilloscope)

BC-ó45 Tronsmitter-Receiver (420 Mc.)

BC-9468 Receiver (Conversion to Auto Receiver)

SCR-274N (BC-4534 Series) Receivers
(Conversion to I O-meters)

SCR-274N ( BC-4574 Series) Tronsmilters
(Conversion to V.F.O.)

SCR-522 (BC-ó25) Tronsmitter (Conversion to
2 meters)

SCR-522 (BC-624) Receiver (Conversion to
2 meters)

TBY Trsnsceiver (Conversion to l0 ond ó meters)

BE-1034 Dynomotor

BC-10ó8A/t  ló lA Receiver (2 meters)

L t s T  o F  E Q U T P M E N T

on whiéh doto is given in Volume l l  of  the
"Surplus Rodio Conversion Monuot"

ARC-5 (8-454) Receivers (Conversion to 28 Mc.)

AN/APS- I  3 Tronsmitter-Receiver
(Conversion to 420 Mc.)

ARC-5 (BC-457) Tronsmitters (Conversions to
28 Mc.)

Selenium-Rectifier Power Units

ARC-5 V.H.F. Trqnsmitter-Receiver Operot ion

GO-9ITBW Tronsmitter (Conversion to 28 Mc.)

BC-357 Morker Receiver (Conversion to
Copocity Reloy)

BC-9468 Receiver (Conversion to
High-Fidel i ty Tuner)

BC-375 Tronsmitter (use with externol V.F.O.)

T A-l2B / C Tronsmitter Conversion

AN/ART-13 Tronsmitter (Conversion to A.C.
ond 28 Mc.)

Coi l -Winding Chorts

AVT-t l2A Tronsmitter for Light Aircroft

AM-26 / AaC Interphone Amplifier (Conversion
to 9-wqtt Amplifier)

LM Frequency Meter

Beom Rotot ing Mechonisms

ARB Receiver (Schemotic only)
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SCHEMATIC,  BC-ó59 RECEIVER AND TRANSMITTER
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SCHEMATIC ,  BC .ó59  RECEIVER AND TRANSMITTER
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SCHEMATIC, AN/APA-IO PANORAMIC ADAPTER
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