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PREFACE

Since the beginning of the "surplus era" 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 especial need for sucha publication, The authors have endeavored
to fulfil that need in the following 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 included in this manual so
that conversion data on the largest number of equipments could be in-
cluded. It has been assumed that those persons interested in a manual of
this nature are generally familiar with the operation of electronic equip-
ment. It should be noted that the operation of any radio transmitting equip-
ment, including that described herein, requires the issuance of both an
operator's license and a station license by the Federal Communications

Commission.

The authors regret that time does not permit them to engage in
individual correspondence regarding these or other surplus items,
and the publisher has been requested not to forward letters.

We have no information on surplus items other than those in
these several Manuals
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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
ke. 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 articleis of a descriptive nature, pertaining to the operation
and use of the BC-221, the discussion will be made under the following
sections:

(a) General Description
(b) Principles of Operation
(c) General Use of the Instrument

(a) General Description

There are many models of the SCR-211 Frequency Meter Set, which
include the SCR-211-A, B, C, D, E, F, ], K, L, M, N, O, P, Q, 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 Book, MC-177

1 ea. Crystal Unit, DC-9

Set of vacuum tubes, installed

Set of batteries, 6 ea. BA-2 ("B" Batteries)
4 ea, BA-23 ("A" Batteries)

Headset and Cord (applicable type)

There are two typesof cases that enclose the BC-221, the wooden type
and the aluminum alloy type. The dimensions of the aluminum case are
12-1/2" high, 10" wide, and 9-1/4" deep; the wooden case is slightly larger.

The self-contained battery compartment is designed to hold 6 BA-2
batteries (22-1/2 voits each) and 4 BA-23 batteries (1-1/2 volts each).
This gives the required "B" supply voltage of 135 volts and 6 volts for the
"A" supply. (Note: minimum voltages for satisfactory operation are 5.4
volts and 121.5 volts for the "A" and "B" supply respectively.)

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-
tions make the operation self-explanatory.
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Each BC-221 unit contains an individually calibrated book, MC-177,
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 panel with its associated dials.

Two calibration ranges are provided, the 125-250 ke. range and the
2000-4000 kc. range. By use of the 2nd, 4th, and 8th harmonics, the low
frequency range covers 250 to 2000 kc. By use of the 2nd, 4th, and 5th
harmonics, the high frequency range covers 4000 to 20,000 kec.

ANTENNA

 DETECTOR AUDIO

v.F.0. CONVERTER AMPLIFIER

\ 4

v

4

1000 KC.
XTAL OSC.

With reference to the block diagram of the BC-221, 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.0. 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-221 also radiates its v.f.o. sig-
nal, 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 errorin 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 should not exceed .02
per cent,

-6 -



(c) General Use of the Instrument

Reading the frequency meter dial consists of three individual steps.
The first two digits are read on the hundreds dial (drum dial). From the
large circular dial, labeled "units", the second two digits are read. The
vernier scale (located on circular dial) provides the fractional digit in the
conventional manner. Thus the following example reading can be obtained:
45 87 . 5. This dial reading is then checked in the calibration book to
obtain the frequency of the signal being measured.

For transmitter frequency measurements, a 2-foot piece of rigid
copper wire is adequate for the frequency meter antenna. The antenna
should be only in reasonable proximity to the transmitter output. Care
should be exercised 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 meter 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 the BC-221, high impedance headphones should be
used for optimum performance. The earlier models specified the P-18
and the P-20 headphones while the later models specified the HS-30.

A point worthy of mention is that in certain measurements where
visual observation of the "zero-beat" is desired, an output meter with an
appropriate impedance matching device can be used in place of the head-
phones.
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REGULATED POWER SUPPLY FOR THE BC-221

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 the BC-221 serving as a load for the power sup-
ply, until the current from the cathode terminal of the VR-~150 to ground is
approximately 15 ma.

40 MA. PWR. XFMR.

s.ov.

B+ 150 V.

VR-150

Sw

B— & A-

I 6.3 V.
> A+
115 V.A.C.

TO CONNECTIONS OF
BATTERY PLUG

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 "B" (+) 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.
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TL-10120

Frequency Meter BC—221~(&'), in etal cabinet,

WOIET

Frequency Meter BC~221~(&), in wooden cabinet.
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CONVERTING THE BC-342 RECEIVER

Though the BC-342 Signal Corps short-wave receiver has not appeared
in quantity on the surplus market, the BC-312 has been widely available,
Either is considered an ideal piece of equipment that can be readily modi-
fied and used very nicely as a communications receiver, Either can be
made to perform comparably with receivers that sell on the current
market for three and four times the price,

The BC-342 is designed to operate on 115 volts ac, 50 or 60 cycles.
The direct current version of the BC-342 is the BC-312 (12 volts, dc).
Since the major part of the BC-312's conversion is identical to that of the
BC-342, only a small part will be devoted to it under a separate title with
general reference directed to this article.

Among the most recent models of the BC-342 and BC-312 appearing
on the market are the "M" and "N" models. Since the later models are not
greatly different from the earlier models, the converting procedure can
apply to all of them without regard to the slight variations. 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 though it is not as pretty as the
modern communications receiver, the ham can be reasonably assured that
this receiver is one of the most rugged, both mechanically and electrically,
that has ever been built. It has relatively high sensitivity and good stabil-
ity. Its frequency range is 1500 to 18000 kc. thereby not covering the
broadcast band or the 10-meter band. Converters for the high-frequency
bands work nicely with this receiver, since direct coaxial coupling to the
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 6K7 (VT-86) 1st & 2nd RF amplifiers
6C5 (VT-65) RF oscillator
6L7 (VT-87) 1st Detector
2 ea 6K7 (VT-86) 1st & 2nd IF amplifiers
6R7 (VT-88) 2nd Detector, AVC, 1st Audio amp.
6C5 (VT-65) CW Oscillator
6F6 (VT-66) Audio output amplifier
5W4 (VT-97) 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 directly calibrated, fast and slow vernier
knobs. Since the military requirements were not those generally required
for ham use, the following modifications and refinements will be covered:

(a) Modification for the RF Stages

(b) Modifying the Crystal Filter
(c) Backlash Improvement in the Tuning Mechanism
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(d) Reducing the Audioc Hum Level

(e) Connection for the "send-receive" Switch
(f) Improvement for the Audio Section

(g) 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, Ry and Ry,
are 500 ohms. These should be reduced to 250 ohms. The screen re-
sistors, R3in the 1st 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 1st 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,
1/2-watt resistor for Ry, soldered between the cathode pin and pin No. 1
(ground). Ry 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 bya
switch on the capacitor shaft, the switching point should be changed me-
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chanically to close when the phasing capacitor is at minimum capacitance.

The best method of doing this is to force the switch blade around 180
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 filter 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 filter 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
critical, is to reduce the capacitance of the variable phasing capacitor.
This is done by removing (breaking) approximately half of the stator plates
from the capacitor. Since it is not necessary to remove the filter 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 lightly 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 filtering and use of the out-
put stage for headphone reception.

If insufficient filtering in the power supply is apparent, it is recom-
mended that midget 8 mfd. filter capacitors be shunted across the existing
filter capacitors C89 and C90 in the power supply section,

Modification of the audio section as discussed under section (f) of this
article will 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
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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 "B" circuit thus avoiding high volt-
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 6R7. 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 possibility 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 Tji 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 transformer, 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 T9. The secondary leads can be
brought out as before to the speaker jack with the jack labeled accordingly.

If the changing of output transformers is not desired, the existing
output of transformer T9 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 satisfactorily 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,
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Replace the 6R7 detector first audio tube with the high mu 6Q7. This
is an easy change since the socket connections are the same and only the
cathode resistor, R2g, must be altered for the proper bias. This is easily
done by shunting the existing resistor, Rgg, with a 300-ohm, 1/2 watt re-
sistor.

The diode filter resistor, R4g, is a relatively high value, being 0.5
megohms. Considerable increase in volume can be obtained by reducing
this value to normal proportions, This can be conveniently 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 isa series-type limiter using the 6H6 diode with an IN-
OUT switch. The schematic diagram should be self-explanatory as shown
in fig. 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 the 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-
vidual r-f and a-f gain controls that are not switched in and out with the
AVC 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
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leads 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 BC-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.

The 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 will 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 will apply the individual's 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
above 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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CONVERTING THE BC-312 RECEIVER

This conversion directly supplements the conversion of the BC-342
receiver since the BC-312 is identical to the BC-342 with the exception
that it is the direct current version designed to operate from battery
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. Models
A,C, D, E, F, and G, all have the crystal filter, 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 the BC-312 re-
ceivers were designed to operate on 12 volts d.c. at approximately 7
amperes, . c ‘

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 -as-indicated on the schematic diagram, Fig. 4. For this
operation it is also necessary to ground lug No. 8 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-c operation.
Other conversion data for the receiver is covered in the conversion of the
BC-342.

After inspection of the BC-312, it will 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 difficult
rewiring of the heater circuit, is to leave the wiring as is and operate the
heaters on slightly less than 12 volts a,c. This is accomplished by using
the 6X5 rectifier 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 supplyis 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 little 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
power supplies, the RA-20, on the surplus market. These are a fortunate
find for the BC-312, The RA-20 power supply canbe directly interchanged
with the dynamotor assembly.

In constructing the new power supply unit, a selected 90-ma. power
transformer with both the 5 and 6 volt windings can be fitted with a filter
choke, a 16-16 mifd. filter capacitor, bleeder resistor, and the rectifier,
5Y3GT, in the old dynamotor case. This will cause a rather crowded con-
dition but is well worth while if it is desired to have the power supply
inside the receiver.
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Both the 6-volt and the 12-volt heater version of the recommended
power supply, with parts list and connection diagram, are shown in Fig. 3.

It will be noted that the existing OFF-ON switch, SW-12, and the fuse
on the front panel are incorporatedin the 115-volt circuit of the 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 RECEIVER

CA-289
CA-291
CA-291
CA-290
CA-290
CA-290
CA-289
CA-291
CA-201
CA-290
CA-290
CA-290
CA-289
CA-291
CA-291
CA-290
CA-290
CA-290
CA-289
CA-201
CA-291
CA-290
CA-290
CA-290
CA-294
CA-293
CA-284
CA-292

CA-195

CA-284
CA-266
CA-292

CA-195

CA-294
CA-284
CA-294
CA-278
CA-300
CA-297
CA-299
CA-266
CA-292
CA-266

CA-195

CA-323

3-25 uuf.
6-100 uuf,
6-100 uuf.
4-50 uuf.
4-50 uuf,
4-50 uuf,
3-25 uuf,
6-100 uuf.
6-100 uuf,
4-50 uuf,
4-50 uuf.
4-50 uuf,
3-25 wuuf,
6-100 uuf,
6-100 uuf,
4-50 uuf,
4-50 uuf,
4-50 uuf,
3-25 uuf.
6-100 uuf.
6-100 uuf.
4-50 uuf.
4-50 uuf,
4-50 wuuf,
125 wuuf.
10-210 uuf,
.05 uf,
13-226 uuf.
.05 uf.
.05 uf,
05 uf.
.05 uf.,
100 uuf.
13-226 uuf.
.05 uf,
.05 uf.
.05 uf,
125 uuf.
.05 uf,
125 uuf.
5 uuf.
3000 uuf,
1600 uuf.
750 uuf.
100 uuf.
13-226 uuf.
100 uuf.
.05 uf.
.05 uf.
.05 uf.
4.50 uuf.

CAPACITORS
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C52
C53
C54
C55
C56
C57
C58
C59
C60
C61
C62
C63
C64
C65
C66
Cc67
C68
Cc69
C70
C71
Cc12
Cc13
C74
C175
C76
c11
C78
C79
C80
C81
C82
C83
C84
C85
C86
Cc81
C88
Cc89
C90
c91
C92
C93
C94
C95
Cc96
Co7
Cco8
Cc99

CA-266
CA-296
CA-281
CA-295
CA-281
CA-295
CA-281

CA-302

CA-284
CA-281
CA-295
CA-295
CA-281
CA-279

CA-301

CA-218
CA-193

CA-301

CA-281
CA-295

CA-276

Ca-281
CA-292
CA-2T1
CA-280
CA-253
CA-266
CA-284
CA-266
CA-211
CA-211
CA-295
CA-295
CA-295
CA-298
CA-298
CA-286
CA-286
CA-2175
CA-284

100 uuf.
400 wuuf.
.01 uf,
50 uuf.
.01 uf.
50 uf.
.01 uf.
.05 uf.
.05 uf,
05 uf.
.05 uf.
.01 uf,
50 uuf,
50 uuf.
01 uf,
10 uuf.
.05 uf.
.05 uf.
.05 uf,
150 uuf,
500 uuf,
.05 uf.
.05 uf.
05 uf.
.01 uf,
50 wuuf.
0.1 uf,
0.1 uf.
0.1 uf.
.01 uf.
13-226 uuf.
0.1 uf.
1-10 uuf,
4-75 uuf,
100 uuf.
.05 uf,
100 uuf.
.002 uf.
.002 uf.
50 uuf.
50 uuf,
50 uuf.
800 uuf.
800 uuf.
75 uuf.
75 uuf.
4 uf.
L05 uf,

C100 CA-294 125 uuf,
C101 CA-266 100 uuf.
C102 CA-284 .05 uf,



CX
DM
F1
F2

J1

L1
L2

CRYSTAL DC-6
DYNAMOTOR DM-17-A
FUSE FU-21

FUSE FU-21

JACK JK-34 (1st AUDIO)

L3 1st R.F. COILS

L4
L5
L6
L7
L8

L9 2nd R.F. COILS

L10
L11
L12
L13
L14
L15
L16
L17
L18

1st DET. COILS

RS-164
RS-169
RS-149
RS-172
RS-167
RS-173
RS-164
RS-169
RS-149
RS-172
RS-167
RS-173
RS-168
RS-166
RS-140
RS-172
RS-125
RS-172
RS-164
RS-163
RS-149
RS-125
RS-150
RS-164
RS-163
RS-149
RS-125
RS-171
RS-162
RS-161
RS-165

500 ohms 1 watt
60,000 ohms 1/2 watt
40,000 ohms 1/2 watt
100,000 ohms 1/3 watt
1,000 ohms 1/3 watt

2 MEG. 1/3 watt

500 ohms 1 watt
60,000 ohms 1/2 watt
40,000 ohms 1/2 watt
100,000 ohms 1/3 watt
1,000 ohms 1/3 watt

2 MEG., 1/3 watt
50,000 ohms 1/3 watt
350 ohms 1 watt
30,000 ohms 1/2 watt
100,000 ohms 1/3 watt
1,000 ohms 1/2 watt
100,000 ohms 1/3 watt
500 ohms 1 watt
60,000 ohms 1 watt
40,000 ohms 1/2 watt
1,000 ohms 1/2 watt
100,000 ohms 1/2 watt
500 ohms 1 watt
60,000 ohms 1 watt
40,000 ohms 1/2 watt
1,000 ohms 1/2 watt
750 ohms 1 watt

.25 MEG. 1/2 watt

1 MEG. 1/3 watt

1,000 ohms 1 watt
RS-162 250,000 ohms 1/2 watt
RS-131 50,000 ohms 1/2 watt
POTENTIOMETER 0-500,000
RS-174 0-50,000 ohms
RS-150 100,000 ochms 1/2 watt

COILS

RESISTORS

ohms
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L32

LM1
LM2
LM3

R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47
R48
R49
R50
R51

R53

JACK JK-34 (2nd AUDIO)
JACK JK-33 (SPEAKER)
JACK JK-33 (MICROPHONE)
JACK JK-34 (KEY)

OSC. COILS

IGN, SUPP. COILS

TRANSFORMER C-202
TRANSFORMER C-203
TRANSFORMER C-204
BEAT OSC.

FILTER COIL

NEON LAMP

LAMP LM-27

LAMP LM-27

RS-150
RS-178
RS-178
RS-118
RS-139
RS-140
RS-148
RS-127
RS-128
RS-177
RS-176
RS-169
RS-133
RS-140
RS-129
RS-175
RS-173

100,000 ohms 1/2 watt
12 ohms 15 watis

12 ohms 15 watts

12 ohms 15 watts
30,000 ohms 1 watt
30,000 ohms 1/2 watt
200,000 ohms 1/2 watt
3,000 ohms 1/2 watt
5,000 ohms 1/2 watt
7,500 ohms 1/2 watt
60 ohms 1/2 watt
60,000 ohms 1/2 watt
500,000 ohms 1/2 watt
30,000 ohms 1/2 watt
10,000 ohms 1/2 watt
10,000 ohms 1/3 watt
2 MEG. 1/3 watt

RELAY BK-13
SOCKET S0-94
SWITCH SW-131

1st R.F. SW.
2nd R.F. SW,
1st DET. (MIXER) SW,

OSC. SW.

CRYSTAL SW.

BEAT OSC. Sw.
SWITCH SW-119
SWITCH SW-131
TRANSFORMER C-205
TRANSFOPMER C-160



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 115-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-348], 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 threei-f stages., The intermediate
frequency is 915 ke, A crystal filter is included in the circuit also,

The tube line up is as follows:

1st RF 6K7
2nd RF 6K7
RF Osc. 6C5
1st Det. 6]7
1st IF 6K7

2nd IF and CW Osc. 6F7
3rd IF and 2nd Det, 6B8
Audio 41

It is assumedthat the reader would not attempt this conversion without
enough technical knowledge to make unnecessary the 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 28-volt d-c source,
it will be necessary to build a 115-volt a-c supply.

Since an external speaker and matching transformer will be required,
and in order to keep heat out of the receiver compartment, it is advised
that the power supply be built into the speaker cabinet along with the
speaker matching transformer, and connections be brought out through a
cable and plug system.

It should be possible to obtain, on the surplus market, the plug for
power connections that was intended for use with the receiver. But if not,
the present socket can be replaced with a standard octal tube socket by
removing the present socket and filing the retaining bracket to take the
octal tube socket.

The circuit shown in Fig. 1 will work nicely and, by referring to the
plug connections given at the end of this article, the connecting cable can
be made up.

(b) Filaments:

For 6.3-volt a-c operation, it will be necessary to rewire all tube
filaments in parallel and to remove the balancing resistor which was used
in the d-c system. Fortunately, all tubes are of the 6.3-volt type and no
substitutions are required. The fixed and variable dimming controls as-
sociated with the pilot lamp circuit should be removed as this feature is
not essential.

Fig. 2 is self-explanatory for the filament conversion, and careful
examination will show the few actual wire changes necessary. The 6.3-
volt lead should be brought out to pin 3 or pin 4 of the power plug. (These
two terminals originally were the 28-volt input connections.)

(c) Speaker Matching:

The output of the receiver was originally designed for headphone
operation and consisted of two output connections, for 500 ohms or 4500
ohms, depending upon the tap used on the output transformer. As most
permanent magnet dynamic speakers are around 8 ohms, a matching
transformer will be required to match one of the original outputs to the
speaker., This transformer can be mounted in the speaker cabinet as dis-
cussed in the paragraph dealing with the power supply. An alternative is
the replacement of the original output transformer with one designed to
match the output tube to a PM dynamic speaker. However, the former is
to be preferred as it does not necessitate circuit changes.

(d) Operation:
After completion of the previous steps, the receiver will function by
merely applying power and connecting together terminals 2 and 6 of the

output plug. Terminal 2 is the B plus 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 front panel for zero setting the "S" meter. Calibration of the meter in
"S" units or in "DB'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 6]5 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
importance. 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.

Difficulty may be encountered in using the added audio stage in con-
junction with the noise silencer due to the common cathode resistor on
the 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
the 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 ground connections may be extended to the rear of
the set and terminals added for convenience.

The AVC-OFF-MVC switch has several contacts which were original-
ly 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 when
the switch is in the OFF position and applying it again when in AVC or
MVC positions. Careful circuit tracing will be necessary here in order not
to disconnect the wrong wires on the switch, An alternative is the use of a
simple SPST toggle switch mounted on the front panel and wired 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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SCHEMATIC DIAGRAM FOR BC-348J,
and will aprly to N, and Q models.
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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-inch CRT, the BC-412 scope consists of 12 tubes
which make up its associated video amplifiers, sweep circuits, and the
high and low voltage power supplies, It operates from 115 volts a.c., at
50 or 60 cycles.

The outstanding feature of this radar scope unit is its two power sup-
plies, the high-voltage CRT supply and the low-voltage 150-ma. supply.
With these power supplies and the conversions described herein, the
BC-412 can be made over into a laboratory test oscilloscope or a well
performing television receiver.

This article attempts to briefly outline the conversion procedure for
the television receiver and the laboratory oscilloscope with reference to
the before and after schematic diagrams. Itis assumed that 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 with the high voltage supply! Operating voltages
are of several thousand volts and warrant the use of well insulated tools.
Always turn off the power and short-circuit the high voltage condensers
(with a well insulated tool) before attempting work or adjustments on this
unit. Remember the old phrase, "Death is so permanent."

TELEVISION RECEIVER CONVERSION

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 exception of the two mentioned power supplies. The high
voltage wiring (ignition cable) should be saved for use in the converted high
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 will be noted that the filter section
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utilizes both chokes (44-1 & 44-2) and two of the dual 8-mfd, filter capac-
itors (12-3 & 12-4). The d-c supply voltage under loaded conditions should
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 (5BP4).
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 T-inch CRT such as the TEP4 or 7JP4. This involves in-
creasing the value of the firstfilter capacitor and reducing the value of the
series filter resistance. For this condition refer to 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 frequently done
in commercial sets and is accomplished by connecting the low potential
side of the HV 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. Bakelite 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 with
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 trimmer 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 mmifd. 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 with
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-inch
diameter.

L-2, (osc. coil) - 3 turns, No. 14 enamel, 3/4-inch diameter, with
cathode tap approximaitely 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 they are IF components and
are discussed under section (d).

For the general layout of components and location of the RF/oscillator
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, and amplification. There are a number of such
strips available on the surplus market which can be tuned within the 12 to
27 Mc. range.

One of the preferable IF amplifier strips consists of 5 stages using
WE-T17'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 the 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.
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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 1/2 inch length
on 500K, 2-watt resistors.

L-3 L-4 L-8
= el G
e p— .
— | ISEC.21.25MC 21.2s5mc.| 3] PRI. 12 TURNS
—1 | [10T. N°24 12T, 7 [ |[N°24 ENAM.
(-]
PRI. 23.75 MC. 5 % SEC.12T.
= | [12T. N° 24 : | 4 [N°24
= | | ENAM. g ENAM.,C.T.
~—’ BOTH
{ Y 200k " WINDINGS
A l‘ 21.25 MC.
Y 50 ¢
ALL FORM DIAMETERS 5/8". v WUFD

ALL WINDINGS CLOSEWOUND.

(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 lead between 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 consists of 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 be 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 adjusted to
its proper size, position, intensity, and focus on the CRT screen. Improper
position, size, intensity, and focus indicates improper voltage on the ele-
ment concerned in the CRT.

So as to obtain proper alignment, of the video IF amplifier, a signal
generator should be used. This is essential to stagger the peaking of the
different stages for the proper video band pass. The band pass should be
between 3.5 and 4.0 Mc. Each stage is peaked to the following frequency:

L-3 (primary) 23.75 Mc.

(secondary) 21.25 Mec.
L-4 (sound trap) 21.25 Mc.
L-5, 1st IF 25,75 Mc.
L-6, 2nd IF 25.00 Mec.
L-7, 3rd IF 23.75 Mec.
L-8 (sound dis.) 21.25 Mc.

It should be noted that other video IF's can be used in the 12 to 30 Mec.
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 10-Meter amateur signal coming
through an IF amplifier operating in the 28 to 30 Mc. range.

This effect can be reduced considerably with the addition 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 4.5 Mc. below 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 aligning the
RF & oscillator circuits, The above alignment can be done by visually
observing the CRT screen for optimum picture.

A conventional folded dipole 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. Frequently 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 '47 issue of the Radio News magazine,
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 built from the

schematic diagram as shown in fig. 5.
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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 5BP1, 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 will add to the appearance of 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 470 and 495 Mc. and
transmitted either a pulse signal or a c-w signal modulated by a 30-ke.
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,

The overall dimensions of the BC-645 are 10-1/2" by 13-1/2" by 4-1/2",
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 12-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

6F6 (VT-13) Pulse modulator
6F6 (VT-14) 30kc. oscillator/modulator
TF17 (VT-12) Pulse amplifier

The WE -316Ais a self-excited power oscillator using a tuned-line tank
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. Two separate 6F6 modulators are used. Oneis used as a pulse mod-
ulator which is driven by the 7F7 pulse amplifiers. The other 6F6 is a
30kc. 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 antenna 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 40 Mc. and uses
THT 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
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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 limited space in the unit; also, removal of these parts
will result in a neater looking conversion.

The unused components that should be removed include the following:

(1) All relays except relay #1

(2) All 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 this method of lowering the tuning to the 420-
450 Mc. band, the increasein equivalent physical length would approximate
1/2 inch.

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

In order to obtain 100 per cent modulation of the WE-3164, 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, 7F7 VT-12, con-
verted as shown in Fig, 2. Sufficient gain is provided by the speech ampli-
fier for crystal or dynamic .microphone use.

It will 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 hf oscillator line must be physically
lengthened to tune down to this range. This is accomplished by soldering
a 1/2 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,
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Even though the IF amplifier section will operate satisfactorily asis
without bias (other than the AVC), better performance can be obtained by
adding cathode resistors to ground with their respective by-pass capaci-
tors. This providing of cathode bias for the IF stages gives a better
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 second detector, the TE6 (VT-6) stage is changed to
function as the second detector, AVC, and the first audio amplifier in the
conventional manner, If more audio gain is desired, the TE6 may be re-
placed with a higher mu (triode section) equivalent, such as the 7B6. 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 7TC5 tube is added with an appropriate
plate-to-voice-coil output transformer. This stage is RC coupled from
the first audio stage in the normal manner, and replaces the former 7TF7
(VT-9) tube. Due to its height the added 7C5 must occupy the location of
the former relay #3. Required socket connections and added components
are shown in fig, 2,

In adding the 7C5 output tube, it will be noted that its complementary
series tube, VT-8, in the 12-volt heater circuit is shunted with a 40-ohm
2-watt resistor to provide the proper heater current for the 7C5.

(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 solderingiron tips have been recommended for working
in these close quarters. It should also be noted that the IF coils are quite
fragile and extreme care should be exercised to avoid damaging them.

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

/ + SHAFT FOR TUNING KNOB

CUT OFF A=s / INSULATED COUPLING

HERE @
. o) — +’ ALLEN-HEAD SCREW
/—1/—’

/OSCI LLATOR TUNING ELEMENT
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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 fill 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 filament circuit is required. It
should be noted that this is a rather difficult job and may also cause in-
stability in the IF amplifiers.

(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 1/2 to full brilliance when brought
in contact with the antenna or the center lead of the coax cable,

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

A tuning reaction between the oscillator and antenna circuits will be
apparent when tuning the receiver. Simultaneous tuning of the two circuits,
rechecking the antenna tuning after each change in oscillator tuning pro-
vides the best adjustment.

Both receiver andtransmitter are designed for a 50-chm load. RG-8/U
coaxial cable which is available on the surplus market meets the above re-
quirements.
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SockeT CoNNECTIONS For BC-645 OPERATION
12V. BATTERY SYSTEM :

conmon |
return |{9v.AC to pins To pin D of
to pinLilA & B of S0-131 S0~176 for (+)
of S0-13 not grounded ground mobile
A— system., To pin
‘ C of S80-176 for

{ ->(=) ground
A ’/ﬂg :

Common return

for 400v & fi1.
circuit. To be
—grounded in BC-

645 and at power
supply.

mobile syst.

T o= 10

K £ = { SO-13/
7 P By ["[fo pin ¢ \\ . 400v.
! . H S of S0-17 \ Hj————> 160ma

““““ = ) for (+) gnd, -
’ To pin D of

‘ Y §0-176 for

T400v, to pin (=) ground 1 S

H of S0-131 -~

mobile systems)-

DYNAMOTOR _RECEPTACLE L S0-176

/ 72 VOLTS
_ ; c Common return
OyNAmoTor PE-/0/C ! o be romded
24V, BATTERY SYSTEM at BC-
9v.A

A & B of SO 131

common T
return to
‘pia L of

l2v, AC/DC
2.4A
To pin D of

/ Not grounded
/f in BC-645 =
e Pin L of SO~
- 131 is retur
NOTE-

All connections on
80=176 can be trans~

J 80-176 for (+)
S0~-131 (L \g . ground mobile T~
— 4 v "~ |system, To pin | - ~, S0-176
= t |Lof so-%3% for % 4T/OLT5
K £ = -} gnd !
RS - _mobile sysn @.}_, 24v, AC/DC
S - { at 1,24
\\@ » 4 - /

To pin L of"
S0-131 for (+
gnd. mobile syst.

To pin C of
$0-176 for (-)
gnd. mebile system

_—ummmmr

400v, te pin

ferred to unused pins
H of s0-131 on S0-131 and elimin-
ating S0-176,
«i{BAMOTOR RECEPTACLE

tig4
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BC-946-B RECEIVER - CONVERSION
FOR USE ON 6 VOLTS D.C. (AUTO RADIO)

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 covering the frequency
range of 520 kc. to 1500 ke, 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 easily 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:

(a) Removal of present CW oscillator stage

(b) Addition of first a-f stage in place of c-w Osc.

(¢) Rewiring filaments for 6 volts

(d) Replacing output transformer

(e) Moving antenna post

(f) Addition of vibrator power supply or dynamotor
) Installation using FT-220-A rack

(h) Selectivity adjustments
) Noise limiter circuit

(a) Removal of Present CW Oscillator Stage:

Remove all wires to terminals 6 and 2 of the 12SR7 tube, and all wires
to terminal 5 ofthe 12A6 tube, This operation makes the following compo-
nent parts useless and they should be removed to give space: R14, C26,
L12, L13, C217, C28, R15, C25, R18, R19, R20, R16, R17, C29. (It will 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 12SR7 tube is now free after the above change,

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
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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 line" 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, leaving 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 filaments,

Rewire all tubes in parallel as in the diagram below. Attention to the
original filament circuit as given will readily show the few wires neces-
sary to be moved,

12SK7 12K8 125K7 12SK7 12SR7 12A6

ORIGINAL

F.—DET.& AUDIO
— C.W. 0sC.

T

V3 ve —

MODIFICATIONI—% {\l q [\L {\l /q_’

It will be necessary to replace the 12-volt tubes with their 6-volt
equivalents as follows: replace 12SK7 with 6SK7, 12K8 with 6K8, 12SR7
with 6SR7 or 6SQ7, 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
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may be installed in the place of the original transformer. The output lead
(one side is grounded) is run directly to the rear plug in accordance with
the 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 receiver
instead of in front for convenience.

(f) Addition of Vibrator Power Supply or Dynamotor:

Any standard 6-olt vibrator power supply that will give approximately
160 to 250 volts at 40 ma. can be used on this receiver. The supply can
be mounted onthe space where the former dynamotor was installed., It can
be a commercial ready-built unit such as a Mallory Vibrapack, or a
standard circuit built and mounted on the rear of the chassis.

A very easily obtained power supply for this unit can be created by
using a 12-volt dynamotor such as is used in the BC-312 receiver., This
dynamotor will run from 6 volts d.c. and put out sufficient voltage with no
conversion.

It will be necessary to remove the former dynamotor plug ontop of the
chassis, Remove the plug and all wires except the B plus connection
which should be rei~oved and connected to the B plus of the power supply
used,

(g) Installation Using FT 220 A Rack:

In the author's installation, the FT 220 A rack was purchased for less
than $1 and one section sawed off to take the receiver. (The rack is made
for 3 receivers.) The rack is mounted under the dash 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 fuse, and the toggle switch
on front was rewired for a standby switch in the B plus lead as 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 increasing the coupling of the
[F transformers. This can be done by pushing down, all the way, the 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 output transformer is
then not needed.
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Radio Receiver BC-946-B — Schematic Wiring Diagram
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| C-4(ATOGYGANG(346 MMF) || L-6, L-7 | INFIRST IF R-4 |620
{G-8s 3 MFD L-8,L-9 | IN 2NDIF R-35 150,000
C-6(A,B,C) |.05/08/08 MFD. || L-10,L~11] 1N 3RD iF R-6 300,000
"’C-7(A,B,C) 05/05/.05 MED L-12,L-13 | CW OSC R-7 200
i C-8 200 MMF L-14 RF CHOKE R-8 200
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c-23 18O MMF R-23 7000
C-24 200 MMF R-28 | 51,000
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Cc-28 J4MMF
c-29 .CO6MFD
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SEE Norgzwd
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Radio Receiver BG-946-B — Schematic Wiring Diagram
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CONNECTION DIAGRAM FOR BC-946B RECEIVER
USING THE FT-220A RACK
(TYPICAL AUTO INSTALLATION)
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BC-946B RECEIVER(Before conversion)

Typical of Command Set type Recelvers
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CONVERTING THE SCR-274N COMMAND SET RECEIVERS
(BC-453 Series)

"Q-5'er" CONVERSION 10-METER CONVERSION

Introduction:

The SCR-274N series of command-set receivers includes the BC-453,
BC-454, and the BC-455, Almost identical counterparts to these three are
available in the ARC-5 command-set series.

The BC-453 (and its 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 intact 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 10-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-946B conversion,

(a) General Description:

The command-set receivers, designed for 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 Frequency Coverage Intermediate Frequency
BC-453 190 to 550 ke, 85 kc.
BC-454 3 to 6 Mc. 1415 kc.
BC-455 6 to 9.1 Mc. 2830 ke,

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

This modification involves rewinding of the coils in the plug-in coil
assembly to obtaincoverage ofthe 28-Mc. band. Modification of the tuning
capacitors to obtainbandspread operationis discussedina later paragraph.

L 1 (Ant. coil) - 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 coil) - Remove the existing "honey-comb" coil with the ex-
ception of the last layer. This will leave approximately 9 turns for
L 2,
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L 3 (RF mixer coil) - Removethe existing winding and rewind with 5 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 5 turns of
#18 enameled wire, close spaced. L 5 should be between 1/8 and 3/16
inch frem L 4.

(c) Modify ing the Tuning Capacitor:

In order to provide sufficient spread of the 10-meter 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.

With two rotor plates in each section, the band spreadfor 27 to 30 Mc.
will be approximately 3.5 to 4.7 on the calibrated dial., Using only one
rotor plate per section, the 27 to 30 Mc. band will cover approximately the
entire dial of the receiver.

To facilitate alignment of the receiver after modification, drill neces-
sary holes (1/4") to expose the trimmer capacitor adjustment screws with
the shields in place. Since the added cppacitance of the shields tends to
detune the circuit, it 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-7 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-7 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 (labeled "gain control line") to pin #1 of J-1 is connected directly to
ground.

With reference to Fig. 1 it will 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 7500 ohms. The existing output
transformer, T1, is designed for a load impedance of either 300 chms 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 open-circuiting type jack should be used at the plate output of the
first audio amplifier. This jack is inserted betweenthe coupling capacitor,
C-29, and the grid of the 12A6,

{e) AVC Circuit:

For optimum signalto noise performance, the RF stage 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 amplifier.) If more AVC is desired, it can be obtained
from the unused diode plate of V-7 (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 R11 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 rectifier (6X5), the 5
and 6.3 volt windingsare usedin series which gives approximately 12 volts
for filament 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 line" 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 J-3 position can
be used as the connecting plug.

All leads can be removed from J-2; lead to pin #2 is the filament lead
and is connected to the new filament source.

It is apparent that the several components connected to J-3 are not
needed for AC operation and canbe removed to provide more space for the
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modifications and additional parts as were the BFO components of the V-7
stage.

NOTE: For schematic diagram refer to Fig. 1 of the BC 946.
(h) Use of the BC-453A as a "Q-5'er"

The BC-453A command receiver operates with an i.f. of 85 ke., which
permits it to have an unusually sharp response characteristic. The normal
method of using this receiver as a "Q-5"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 receiver in the region of
the last i-f stage. The BC-453 will operate, without modification, as a
sharp i-f channel for any receiver having an intermediate frequency from
190 to 550 kc. Greatest selectivity will be obtained with the fiber rods
which protrude from the center of the top of eachof 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 transformers
slightly, or by pushing down one or more of the fiber rods.

The BC-453A may be operated in conjunction witha BC-348 as a sharp
channel either by making modifications in the r-f coil assembly of the
BC-453A or by using a frequency-converter stage. It is possible to re-
move turns from the coils in the r-f assembly until the front end of the
receiver will tune to the 915-kc. i.f. of the BC-348. The alternative
method of using the BC-453A in conjunction with the BC-348 is to use an
outboard mixer stage between the output of the BC-348 and the input of the
BC-453A. This mixer stage should accept the 915 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 BC-
453A. A 6SAT tube is ideally suited to performing the frequency conver-
sion which is required.
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CONVERTING THE BC-457TA TRANSMITTER
SERIES (SCR-274N) FOR USE AS VFO

Introduction:

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 457TA 4 to 5.3 Mc. (Crystal check point at 4600 ke.)
" 458A 5.3 to 7T Mec. ( ! K T 200 ")
" 459A Tto 9.1 Mc. ( " ! 8000 ")
" 696A 3 to 4.0 Mc. ( ! " " " 3500 " )

The circuit schematic included as part of this article is for the
BC 458A, but it is typical of all the models including the Navy ARC-5
series,

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 filaments, remove resistors R-70 and R-77 from
V-53. Replace R-77 with a 2000 or 2500-ohm 1-watt resistor. The tuning
eye will 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 trimmer) for maximum shadow on the 1629 tuning eye. Clockwise
rotation lowers the frequency.

Connections to the unit will be greatly simplified 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 will have to be soldered directly to the terminals of the plug on the
rear of the unit,

To Convert For Use As VFO:

1. Jam 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.)

2. Solder the top relay (K54) to the antenna post. This relay originally
grounded out the antenna when the transmitter was not in use,

3. Connect 24 volts AC (1 amp), to terminals 1 and 6 of the plug for fila-
ment voltage. (If desired, the filaments may be easily rewired for
12 volts by referring to the schematic.)
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4. Connect approximately 300 volts to terminals 1 and 7 for the Power
Amplifier plate voltage (1625's). (Terminal 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 T54 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 1625 cathode cir-
cuit. A milliammeter may then be plugged into this jack to read plate
current of the 1625's.

NOTE: All terminal designations given above are for BC-457A series, the
plug connections, of which are shown immediately below. For the ARC-5
series, refer to the alternative plug-connection diagram below.

PLUG CONNECTIONS AFTER MODIFICATION FOR V.F.O. (BC457A SERIES)

24 VOLTS AC
NOT USED

OSC. PLATE VOLTAGE (1626)
PA SCREEN VOLTAGE (1625)
NOT USED

24 VOLTS AC

PA HIGH VOLTAGE (1625'S)

FACING REAR OF
TRANSMITTER

NOoOUhwh

PLUG CONNECTIONS AFTER MODIFICATION FOR V.F.O. (ARC-5 SERIES)

NOT USED

OSC. PLATE VOLTAGE
NOT USED

24 voLTS (6ND)

24 VOLTS

PA SCREEN VOLTAGE
PA HIGH VOLTAGE

Nonhwn -
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SCHEMATIC OF BC-4584 (5.3 = 7 Mes)
CANGCED

g

QTSI DE VIEW

/= GrnD
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3~ Os¢c. FLATE

4~ AnMmP, SCREEN

5~

C%AC%BC%C-

59
C60
Cé1
C62
€63
cé4
cé5
c66
Cé7
Cé8
C69
K53
K54

.05 uf
.0001 uf

Master Osc. padding
.006 uf

Fixed Neutralizing
Master Osc. tuning
.002 uf

P.A. tuning

.01 uf

P.A. padding

3.0 uuf

50 uuf

Xmttr Selector Relay
Zmttr Output Relay

6- +24 v
7 — AmPA PLATE

L52 = Ant. Loading Coil
R67,R72,R75, = 51,000 ohms
R68,R 76, 2750 ohms

R69 - 1 Megohm

R70 = 1000 ohms

R71 =~ 126 ohms

R73,R74, - 15,000 ohms

R77 = 390 ohms

R78 - 51 ohms

RL-50 - Parasitic Suppressors
T53 = Oscillator Coils

T54 - Amplifier Coils

Y50 - Crystal Unit
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CONVERTING THE CCR-522
(Transmitter-Receiver)

A popular piece of v.h.f. radio equipment that has been quite common
on the surplus market is the SCR-522 (also 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 several additional components such as a power unit, antenna, and
antenna mast.

Power requirements for the SCR-522 are 28 volts d.c., at 11.5 amperes
(maximum), with the PE-94A dynamotor furnishing the required "B" supply.
Identical to the SCR-522, the SCR-542 operates from 14 volts dc., at 23
amperes, and uses the PE-98A 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 of the 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:

Transmitter. . . . ¢« v v v o v o v v v v v v v BC-625
ReCeIVET ., » o v e v e v v v v s e a ot v v e ne BC-624
Dynamotor Unit . ... ...... et PE-94A

Rack . v v i vt v vt v o st aonovoans FT-224

CaSe . v v v v v e Gt e e e e et Cs-80

Control BoX. . . v v v v v v v v e v v oo . . BC-602

Jack 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
will be discussed separately since it is generally preferable to use them
as separate units for stationary operation. For mobile operation, the units
may be 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 Supply

(d) Mechanical Modifications

(a) General Description and Operation:

This transmitter with only 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 will deliver 12 to 15 watts to the antenna; or it
may be successfully used to drive a large power amplifier on 144 Mec.
where higher power is desired.

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 oscillator which doubles its frequency in the plate circuit. For
operation in the 144-148 Mc. range, it is necessary to use a crystal fre-
quency in the range of 8.0 to 8.255 Mc,; the power amplifier output is the
18th harmonic of the crystal frequency.

The plate output of the crystal oscillator, which is at 16 Mec., 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 upto the final frequency of 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 amplifier VT-118 (832)
operates as a straight amplifier and is coupled to the antenna through a
variable swinging link.

It will 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 will 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 (6SS7) stage is used as an
RF indicator. This stage is connected as a diode and coupled with a pick-
up loop into the final tank circuit.

The modulator section of the transmitter consists of a speech ampli-
fier, VT-199 (6SS7), which is driven by a carbon mike through the input
transformer 158, This stage also acts as an audio oscillator when tone
modulation is used. The speech amplifier in turn drives the push-pull
modulators, VT-134's (12A6's), which modulate the plate and screen of the
final RF amplifier 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-
sidered, it will be necessary to add an additional pre-amplifier to the mod-
ulator input, This can be a conventional voltage amplifier 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 (6SS7) rewired in the
conventional manner as the pre-amplifier stage.

The T-17, which is readily available on the surplus market, will oper-
ate very satisfactorily 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 amplifier, 6SS7
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(VT-199), when it operates as an audio oscillator, 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 68S7. This switch changes the
operation of the normal speech amplifier to an audio oscillator, 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 utilize 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,
fig. 2.

To facilitate 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-1 d-c milliammeter
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 will 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 milliammeter in the respective circuit po-
sitions as selected by the metering selector switch:

Sw. Pos.| Circuit |Normal Meter | Actual Current| Full Scale
Reading (ma) Represents
No. 1 | ist freq. 0.4 40 50
mult. plate
No. 2 | 2nd freq. 0.5 50 100
mult. plate
No. 3 | PA plate * 0.6 - 0.7 60-70 100
No. 4 | Not used **
No. 5 | PA grid 0.5 - 1.0 1.0-2.,0 2
No. 6 | OFF (open
position)

* 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 300 volts at approximately 260 ma. This represents
approximately 20 watts input to the final which under normal conditions
should give about 12 watts to the antenna,
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(c) Power Supply:

The power supply required to operate the BC-625 has to supply 12
volts at 2.4 amperes for the heaters, and to supply a plate load of 260 ma.
at 300 volts. A fixed negative bias of 150 volts is also required,

The easiest method for obtaining the bias voltage is from 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 be obtained
from a battery source since the current drain is very low.

A power supply designed to meet the above requirements is shown
complete in fig, 3, and should be self-explanatory. It will be noted that the
recommended rectifier tube operates very near its upper limit; however
for normal transmitter use, it will operate very satisfactorily.

{(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 neces-
sary tuning controls, it is necessary to disconnect the tuning capacitor
shafts from the ratchet tuning mechanism. It is not necessary to remove
the ratchet assembly itself since the shaft extensions extend through this
assembly.

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 desig-
nated controls as well as the O-1 milliammeter.
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FPower SuprLy rFor BC-625
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o 6volt windings
PARTS LIST
Ty Power transformer, STANCOR P-6315, 750v
275ma, 5v, & 6.3V
T Filament transformer, 6.3v/24
Recf. 523 or 5U4
L Filter Choke, 10 h., 250 ma.
Cy Filter Condenser, 8 mfd, 600 v,
o Filter Condenser, 16 mfd, 600 v,
Ry Resistor, 35,000 ohms, 10 watt.
Ro Resistor, 750 ohms, 5 watt.
F Fuse, 2 amp.
Sw Switch, toggle
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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 difficult, it is
generally considered a rather easy and interesting one tothe average ham.

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

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

(a) General Description and Operation

(b) The HF Oscillator Circuit

(c) Revamping the Second Detector and Adding the Noise Limiter
(d) The First Audio and Addition of the "S"-Meter

(e) Adding the Second Audio, Power Amplifier Stage

(f) Power Supply for the BC-624

(g) Tuning Mechanism

(h) Mechanical Modifications and Panel Layout

(i) Performance Information

(a) General Description and Operation

This receiver is a 10-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 oscillator.

The three principal 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 military
improvement and consisted of an additional tube (12H6) installed under the
chassis which functioned as a noise limiter and delayed AVC. The latest
model is the "C", which incorporates several modifications over the ear -
lier sets, These changes consist of an added "squelch" circuit and an extra
audio stage.

From the above information, it is apparent that the later models are
the preferable ones since the addition of the noise limiter 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 Amplifier

9003 (VT-203) Mixer (first detector)
12AHTGT (VT~207) Crystal Osc. and Audio Squelch
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9002 (VT-202) Harmonic Generator

9003 (VT-203) Harmonic Amplifier

12SG7 (VT-209) First IF Amplifier

128G7 (VT-209) Second IF Amplifier
128G7 (VT-209) Third IF Amplifier
12C8 (VT-169) Second Det., AVC, and First Audio
12]5 (VT-135) Second Audio Amplifier

(b) The HF Oscillator Circuit:

The existing crystal oscillator operates on four preset crystal fre-
quencies in the range of 8.0 to 8.7 Mc, The harmonic generator selects
the desired harmonic, (11th to the 18th) while the harmonic amplifier am-
plifies 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-
lator must be changed from the crystal controlled type to the variable
tuned type. This is accomplished by eliminating the existing crystal os-
cillator stage and converting the harmonic generator to the variable-tuned
HF oscillator. This becomes an easy matter since the harmonic generator
tuning capacitor, 217B now becomes the new oscillator tuning capacitor.

All four crystal circuits and the former oscillator 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 oscillator,
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 limiter. 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 12H6 replaces the original 12C8 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 limiter withits 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 12C8 tube location is used for the 12AH7, dual triode, one
section of which serves as the first audio amplifier. 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
milliampere meter which can be attractively added to the panel of the

*For Fig. 4 ~ see pg. 66. - 90 -



receiver as shown in the panel layout, This "S"-Meter differs from the
more conventional type since it utilizes the AVC voltage for its operation.
The AVC voltage controls the meter bridge circuit through the triode am-
plifier, 12AH7 (second section). For manual adjustment of the meter de-
flection, a 0.25-meg. potentiometer in the 12AH7's 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-volt version of the 6E5 (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 for optimum operation,

1629 VOLTAGE
DROPPING
RESISTOR
TO AV.C.BUSS VWWA » TO B+
TO CATHODE = -
OF 2ND DETECTOR _ 12 V. HEATER

(e) Adding the Second Audio, Power Amplifier 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, (12]5). 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 amplifier is coupled to the first audio amplifier
(12AH7) 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 forthe 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 amplifier, 12A6, for headphone operation. Both jacks, first audio
phones and second audio speaker, can be brought out to the panel of the
receiver as shown in the panel layout.
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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 1.7 amperes,
A power supply for these requirements can be conveniently constructed as
shown in fig. 5. A 70-ma. power transformer is used with the 5 and 6 volt
windings connected in series, and using the 6X5 (cathode type) rectifier.
Polarity of the two filament 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 filter 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 manual tuning capacitor controls ofthe converted receiver involve
the two-ganged capacitor which tunes the oscillator and the harmonic am-
plifier, and the three-ganged, RF amplifier grid, the RF amplifier plate,
and Mixer grid tuning capacitor.

The original preset ratchet selector 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 oscillator
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-375 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 oscillator 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 accomplished by
using a separate two-ganged condenser having only two 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 with a
belt (dial cord) driven reduction, The dial cord and pulley arrangement is
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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 detail.

The described tuning assembly gives very satisfactory and smooth
tuning reduction. This reduction will be such that the 144-Mc. band will
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 the panel 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 listed herein are contemplated, the front panel
will carry the two National dials, the "S"-Meter or tuning indicator, volume
control, AVC switch, send-receive switch, "S"-Meter" switch (if used)
noise limiter 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 will be necessary to in-
crease the number of turns on the antenna coupling coil. The increase of
turns is small, being approximately 2-1/2 turns (total) required for a 600-
ohm line,

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

It will be found thatthe modified high-frequency oscillator canbe tuned
either 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 below) 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
will tune down to the 88-108 Mc. FM band. By utilizing the above and below
tuning of the oscillator, as mentioned above, the FM band can be covered
without sacrificing any of the 144-Mc, band, thus a total coverage from 88
to 148 Mc. Since the IF band passis approximately 150ke., it can be made
to operate nicely on FM by incorporating a limiter 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 TRANSCEIVER FOR CRYSTAL CONTROLLED
OPERATION ON THE 10 AND 6 METER AMATEUR BANDS

Introduction:

The model TBY transmitter receiver was designed for the US Navy's
landing 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 of 1/2 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 toa crystal-controlled cir-
cuit,

The unit was built to operate from either a special battery pack or a
combination vibrator-storage 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) leaving 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 will 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 following accessories should be obtained:

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

The original tube line up is as follows:

(2) 958A's -- PP self excited oscillator
Transmitter (1) 30 -- Tone generator
(1) 1E7 -~ PP modulators
(1) 959 -- RF stage
Receiver (1) 958A -- Super Regenerative Detector .
(1) 30 -~ 1st audio (Same tube acts as tone genera-
tor in xmtr.)
(1) 1E7 -- PP audio (Same tube acts as modulator in
xmttr.)

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 additional tubes must be added as a crystal con-
trolled oscillator and buffer. The one change necessary is that of lifting
the grid leads of the two push-pull 958A 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 184 crystal oscillator and a 958A buffer.
To provide space for these circuits, the tube type 30 (directly 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 30 tube, The 958A
buffer can be mounted on an insulated plate alongside the detector shield
can. The smallest components possible should be used, as space is at a
premium, but the construction can be accomplished by careful planning and
a little ingenuity .

The circuits in Fig. 1 and 2 are self-explanatory, and only the dotted
components need be added. The crystal for the oscillator should be in the
range of 7125-7425 ke, for the 10-meter phone band, and in the range 8333
-9000 kc. for the 6-meter band.

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

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

L1 (28 Mc.) -- 14 turns of #16 enameled 5/8" inside
diameter, air wd.

L1 (50 Mc.) -- 6 turns of #16 enameled 5/8" inside
diameter 1" long

L2 -- 14 turns #16 enameled, close wound on 1"
form
L3, L4 -~ 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 both
these readings were normal when the meter read mid-scale. However,
with the additional stages (154 and 958A) the readings will be higher than
midscale and should read about 3/4 scale 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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fig 1

ORIGINAL TRANSMITTER
SECTION

RCF 2

X'MTR

PARTS LIST FOR ADDED STAGES

R-1 - 10,000 ohm, + w C-4, C-7 - ,001 midget mica

R-2 - 150,000 ohm, g ] C-5 = 100 mmfd, midget var,

R"3 - 100,000 Ohm', w C'6 - 100 mmfd, trimmer

C-1 - 25 mmfd (each see) L-1, L-2, L-3, L-4 See text
varlable RFC-1, RFC~-2 -~ 2,5 mh, RF chokes

C~2 - ,002 mfd, mica Crystal - See Text

C-3 =~ 2 mmfd, mica
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TBY TRANSCEIVER
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PE-103A DYNAMOTOR

The PE-103A Dynamotor will deliver 160 ma. at 500 volts from either
a 6 or 12 volt battery. The battery drain when used on a 6-volt battery is
approximately 22 amps and when used on a 12-volt battery is approximate-~
ly 11 amps. (This assumes that the full load of 160 ma. is being drawn.)
Under no-load conditions the battery drain is approximately 5 amps. Ac-
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 7.5 Amps (Control 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, the green-white wire from the rotary
switch "3-S-1" should be removed to prevent a small drain when the unit is
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 500 volts.
6- Not used.

7- 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 appear at terminal 3 (A plus 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 running it on 6
volts, and running the six-volt field directly from the battery, the no-load
current is 3 amps. This will give an output of 255 volts at 80 ma., but
under loaded conditions the drain is only about 7 amps. This provides ex-
cellent efficiency andby throwing the 12v-6v switch, power may be 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.

FEMALE CANNON
' P-g-44

EAR VIEW OF PLYG)

PE-/O3A
C"NAMOTOR

.
/
30~/
DY NAMOTOR

Rapro GNO. REFERENCE FOR ALL-VOLTAGES
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CONVERTING THE 1068A OR 1161A RECEIVER
TO 144-148 MC. (2 METERS)

Introduction:

These receivers were designed originally for the US Army and were
used as IFF receiversin conjunction with the SCR268-271 series of Radar
equipment,

The receiver comes complete in an olive-drab steel case which is ap-
proximately 16" x 16" x 10" and weighs about 75 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 1st RF Amp. -no VT No.
6SH7 2nd RF Amp. -no VT No.
9006 1st Det, (Mod) -no VT No,
6]5 Osc.-VT 94

BACT 1st IF Amp. -VT 112
6ACT 2ndIF Amp. ~-VT 112
6ACT 3rdIF Amp. -VT 112
6ABT 4th IF Amp. -VT 176
6ABT 5th IF Amp, -VT 176
6H6 2nd Det. -VT 90

6SHT7 Video Amp. -no 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) RF 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-lamp switch should be re-
moved from the front panel. The wires from the pilot 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 oscillator coil). This will increase
the inductance and should be sufficient. However, if necessary, small 10-
mmid. 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
oscillator coil. The shaft for this capacitor is inserted in the hole pro-
vided by removal of the automatic pilot-lamp switch.

(c) AF Modifications:

Replace resistor 67-2 (video amplifier grid resistor) with a 500,000
ohm pot. (arm of pot. goes to grid of the video amplifier). This will 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 "B" wire on plug 125 (see diagram).

(e) General Notes:

The RF gain can be increased by replacing the RF tubes with the
WET17 type and also by replacing the loading resistors across the IF
transformer windings (secondary) with 100,000 ohm resistors. This will
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 the audio gain is not adequate, it may be advisable to replace the
6SN7T output stage with another consisting of a 6S]7 and 6V6 or 6K6.
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Diagram of audio modification. The 6SH7 and 6SN7 (VT231)are eliminated
and this circuit inserted in their place.

I

I 6K6, 6V6

6HE 62.2 (| 65J7 500K ETC.
,l— 500 K
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ADF

AM-26/21C

APA-10

APN-1

APN-4

R65/APN-9

APQ-9

RT34/APS-13

APS-15

APT-5

ARB

ARC-4

"ELECTRONIC SURPLUS INDEX"

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

Interphone Amplifier containing (2) 12J5, (2) 12A6 tubes,
designed for use from 28-volt DC dynamotor.

Pan-Oscillo Receiver: is 115vAC operated and contains
panoramic adapter with IF of 405-505 ke., 4.75 to 5.75
Mc., and 29 to 31 Mc.

Altimeter: 418-462 Mc. Transmitter and Receiver which
measures 3 to 4000 feet altitude, weighs 25 1lbs, and is
18" x 9" x 7". Designed to operate from 28 volts DC and
contains the following tubes: (4) 12SH7, (3) 12S]17, (2)
12H6, (1) VR 150, (2) 955, (2) 9004.

Radar Oscilloscope containing 25 tubes, 18" x 9" x 12",
and weighs 50 lbs.

Loran Indicator and Receiver containing 35 tubes and 3"
scope, 110 volts, 400 cycles.

VHF Radar.

Transmitter and Receiver containing following tubes:
(5) 66, (9) 6AG5, (1) VR 150, (2) 2D21. 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) 6AC7, (1) 6L6, (2) 829, (1) 9314,
(1) 522, (1) 6AGT.

Navy 4-band receiver, 195 to 9 Mc., uses (1) 12SA7, (4)
12SF17, (1) 12A6, weighs 28 lbs,, and is 6" x 7" x 15",

Transmitter and Receiver using 4 crystal channels, in

140 Mc. range for 24 or 12 volt DC operation. Trans-
mitter has 7 tubes. Receiver has 13 tubes.
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ARC-5

ARC-429

ARC-429A

R-89/ARN-5A

R-5/ARN-T

ART-13, or ATC

ASB

ATD

AVT-112A

Navy aircraft equipment:

Receivers: Transmitters Modulator is
190 to 550 ke. 500 to 800 ke. MD-7/ARC5
1.5 to 3 Mc. 800 to 1300 ke. 2-1625's
3 to 6 Mec, 1.3 to 2.1 Mec.
6 to 9.1 Mc. 3 to 4 Mc.

4 to 5.3 Mc,

5.3 to 7T Mec.

7 to 9.1 Mec.

100 to 156 Mec,

2 band receiver, 201 to 400 Kcs and 2500 to 4700 Kcs
(aircraft).

2 band receiver, 201 to 400 Kcs and 4150 to 7700 Kcs
(aircraft).

Glide Path Receiver

11 tube superhet on 332 to 335 Mcs
fixed tuning

Glide path receiver

(7) BAGSH
(1) 128R7 Crystal frequencies are:
(2) 128N7 332.6 Mcs
(1) 28D7 333.8 "
335.0 "

weighs 12 lbs.
size 13"x5"x 6"

Radio Compass Receiver - covers 200 to 1750 Kcs
in 3 bands with 17 tubes.

Collins Auto tune transmitter: 2 to 18,1 Mcs in 11
channels, weighing 70 lbs, and is 23" x 13" x 11" 150
watts voice, cw or mcw. Uses 813 in final and 811's
in PP modulator. v.f.o. and crystal calibrator.

Radar equipment, 515 Mc.

Aircraft transmitter - 540 to 9050 Kcs CW or Phone
requires 380 volts and 1000 volts DC,
RF osc - 6L6 6SL7 speech

RF amp - 814 6L6 driver

Weight 75 Ibs, size 11"x 12" x 21"

PP 6L6 mod,

motor operation

Aircraft transmitter - 2500 to 6500 Kcs Phone, operates

from 6, 12, or 24 volt source. Has 6 tubes and weighs
6 lbs,

- 112 -

Designed for dyna-



B-19

BC-191

BC-221

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
.005% accurate,

Receiver/Transmitter. 28-38 Mcs and 38-52 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 17A 2000 to 3000 Kcs

" 18 3000 to 4500 Kcs

" 25 3500 to 5250 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-348
except for input voltage ).

Antenna tuning unit for BC-375 transmitter, Operates
from 150 to 800 Kcs.

Receiver - 1500 to 18,000 Kcs, Uses 9 tubes with 2 RF
stages. (4) 6K7, (1) 6L7, (2) 6C5, (1) 6R7, (1) 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,

1st RF 6K7

2nd RF 6K7

RF Osc 6C5

1st Det 6]7

1st IF 6K7

2nd IF & CW Osc 6F7
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BC-357]

BC-3175

BC-403

BC-404

BC-406

BC-412
BC-450A

BC-453A

3rd IF & 2nd Det 6B8
Audio 41
Operates from 28 volts DC

Beacon Receiver for 75 Mcs.

Transmitter - 150 watts output, 200 to 12000 Kcs (less
BC), 211 Osc, 211 RF amp, 10 Speech amp, (2) 211 PP
modulators, 5 tuning units as follows:
TU 5B 1500 to 3000 Kes

" 6B 3000 to 4500 "

" 7B 4500 to 6200 "

" 8B 6200to 7700 "

" 10B 10,000 to 12,500 Kcs

Radar oscilloscope, 5" scope 115 volt 60 cycles opera-
tion, component of SCR-270 and 271,

Radar receiver for SCR-270 and 271, 102 to 110 Mcs, 12
tubes, operates from 115 volts 60 cycles.

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

Oscilloscope from SCR-268 radar.
Control box for 453A type receivers.

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 5"
x 8" x 12", Power required is 250 volts at 50 ma and 25.2
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) 12SK7
(1) 128R7
(1) 12A6
(1) 12K8

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

The 274N 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.
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BC-454A
BC-455A
BC-456A

BC-457A

BC-458A
BC-459A
BC-603

BC-604

BC-620A

BC-624

BC-645

See data on BC-453A.
See data on BC-453A,
Is modulator unit for BC-457A Series transmitters.

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 Indicator

All units have crystal for check on calibration,
BC-457A 4 to 5.3 Mcs (Crystal 4600 Kcs)

BC-458A 5.3to7Mces (" 6200 Kcs)
BC-459A 7to 9.1 Mcs ( " 8000 Kcs)
BC-696 3to4 Mces ( " 3500 Kcs)
See BC-45T7A.
See BC-45HT7A.

10 channel FM receiver using push buttons or manual 20
to 30 Mcs, Superhet, BFO, 12 volt operation. 10 tube,

10 channel FM transmitter push button or manual 20 to
30 Mcs using 1625 final with 20 watts output for 12 volt
operation. 8 tubes.

Transmitter and Receiver covering 20 to 27.9 Mcs
Crystal controlled FM with 13 tubes.

(4) 1LN5 (4) 1299

(1) 1LC6 (1) 1294

(1) 1LH4

(2) 1291 Weighs 38 lbs.

Receiver component of SCR-522, 10 tube superhet.

Transmitter and Receiver (IFF).
435 to 500 Mcs with 15 tubes.
400 volts at 135 ma required plus 9 volts at 1.2 Amp AC.

(4) TFT (2) 955

§4; ’;HZ (1) 316A

2 E

(2) 6F6 Weighs 25 1bs,
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BC-653A Transmitter - 100 watts CW, 22 watts phone.
2 t0 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
7 tube superhet receiver using (3) 1N5, (1) 1A7,
(2) 3Q5, (1) 1H5
6 tube transmitter uses (2) 307A 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
27 to 38.9 Mcs

BC-696 See BC-457A.
BC-701 VHF receiver, 170 to 180 Mcs. IF freq. is 30.5 Mcs, 11
tubes, self contained power supply.
BC-704A Radar indicator unit, part of SCR-521,
(4) 6ACT (1) 5BP1
(3) 6H6
BC-1728 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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BC-788

BC-929

BC-939

BC-946B

BC-947A

BC-966A

BC-1023A

BC-1068A

BC-1072A

BC-1161A

(3) 717A (2) 128G7

128Q17 12AHT
12A6 (2) 12S8R7
Receiver.

420 to 450 Mc.
6 IF stages using 6AG5's
30 Mcs broad band width

Army radar oscilloscope, 110 volts, 400 cycle.
Antenna tuning unit for BC-610 transmitter.
See BC-453A receivers - covers 520 to 1500 Kcs.

UHF transmitter,
3000 Mcs
115 volt AC operation with blower

IFF, approximately 2 meters, 14 tubes, 350 volt dyna-
motor with 12 volt input.

Marker Beacon Receiver.
75 Mcs using 6807, 6U6G, 6SC7, 12SH7
12 or 24 volt DC operation

Receiver (see BC-11614).

Transmitter:

115 volt AC operation
150 to 200 Mcs

11 tubes

Receiver used with 1072A transmitter.
115 volt AC operation with 14 tubes
10" x 16" x 15"

1- 6SNT Cathode follower IF Band Pass is 4 Mc
1- 6H6 2nd Det,

2- 6SH7 1st and 2nd RF

1- 6SH7 Video amp

3- 6ACT 1st, 2nd and 3rd IF

2- 6ABT 4th, 5th IF

1- 9006 Mod.

1- 6]5 Osc.

1- 5U4G Rect,

1- 6ES5 tuning ind,

Component of RC 150 IFF

Same as BC-1068A
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BC-1206C Setchell Carlson Beacon Receiver:
(2) 25L6, 6SK7, 6SF7, 6SAT, 6K7
195 or 420 Kcs
Weighs 4 1bs., 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-77Km Dynamotor, input 14 volts DC, output 1000 volts at 350
ma. Used with BC-191.

C-1 Auto Pilot Amplifier,
For radio controlled models etc.
(3) TF7 Amps.
(3) TN7 Signal discriminators
(1) 7Y4 Rectifier

CCT-46077 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-274N series.)
EE-8 Field telephone.
GF-11 Equipment consists of:

CW 52063A Transmitter

CW 52014 Transmitter base

CW 23097 Transmitter control box
CWwW 23098 Extension control box
CW 23049 Relay unit

CW 47092 Coil set

GO-9 Transmitter with power supply, 200 to 18.100 Kcs, 115
volt, 800 cycles. 803 final, v.f,0,, 150 watt.

GP-1 Navy transmitter, 125 watts, 350 to 9050 Kcs with plug-in
tuning units.
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PC-T7 Dynamotor, input 12 volts DC, output 175 volts at 100 ma
and 500 volts at 50 ma.

PE-T73CM Dynamotor, input 28 volts, output 1000 volts at 350 ma,
used with BC-375,

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

PE-101C Dynamotor, input 12 or 24 volts, output 800 volts at 20 ma
and 400 volts at 135 ma, plus 9 volts at 1.1 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-1 Mine detector.
RAK-7 Navy Receiver.
9 tubes, 115 volt AC operation
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 continuously variable at 35 ma for
breakdown tests, 115 volt AC operation.

RA-63A Rectifier, input 115 volts at 60 cycles, output 12 volts at
8 amps.
RA-105 Rectifier, 117 volt, 60 cycles input, output is 2000 volts,

610 v, 415 v, 300 v, 200 v, all DC plus 6.3 volts AC.
Weighs 119 lbs. and is 10" x 24" x 19",

RAX-1 Receiver combination.
#1- 4 bands from 200 to 1500 Kcs
#2- 4 bands from 1500 to 9000
#3- 5 bands from 7 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/GF-11

SCR-195

SCR-269F

SCR-274N

SCR-474

SCR-522

IFF equipment, 157 to 185 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 955 1st Det, 955 Osc, (3)
TH7T IFs, TE6, THT

12 volts required

Transmitter - Receiver.

3000 to 4525 and 6000 to 9050 Kcs Transmitter
195 to 13,575 KC receiver

12 watt voice or CW

100 1bs, and 13" x 31"

Transceiver Walkie-Talkie,

52.8 to 65.8 Mcs

27 1bs. 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 453A series receivers and
457A transmitters (see those listings).

Portable transmitter and receiver, covering 40 and 80
meter bands, 1 volt tubes in receiver. Has 6V6 v.f.o.,
6V6 power amp., and 6V6 modulator.

Transmitter and Receiver:
100 to 156 Mcs

12 watts output on voice

4 crystal frequencies

antenna is AN-104-B 1/4 wave
Transmitter alone is BC-625
Receiver is BC-624

Tubes used: (2) 832 (1) 9002
(3) 12A6 (3) 9003
(1) 6GS6 (1) 12AH7
(2) 6ss7 (3) 12s8G7
(1) 12J5
(1) 12C8
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SCR-536

SCR-578

SCR-625

SPR-2A

T-17B
TA-12

TBW

TBY

TCS-9

TU-5B, 6B, etc.

I-152AM

1-122A

I-233

602A-41

Walkie Talkie.

1- 1R5
1- 174
1- 185
2- 354

Gibson girl transmitter, Automatic SOS for sea rescue.

Mine detector.

Balanced inductance bridge with 1000 cycle osc.

2 tube amplifier 1G6 and IN5

2 flashlight batteries plus 100 volts B battery weighs
15 lbs.

Receiver,

Superhet 1000 to 3100 Mcs

2C40 UHF osc,

115 VAC operation

15 tubes. Weighs 15 Ibs, and is 8" x 10" x 23"

Carbon hand mike, 200 ohms single button press to talk.
Bendix 100 watt transmitter; v.f.o., par 807 final,

Transmitter, similar to GO-9.
3-18,100 kc., 150 watts,

Transmitter/Receiver 28-80 Mcs, Voice and MCW
Output 1/2 watt. Portable.

Transmitter and Receiver, 25 watt output.
1500 to 12,000 Kcs

115 Volts AC

Crystals or VFO

Tuning units for BC-375 Transmitter (see listing of
BC-375),

Radio altimeter indicator .

3 each 6AGS5, 2X2, 3DPI, operates from 110 volts,
400 cycles,

Signal generator, self contained, 115 volts 60 cycle
supply, with crystal calibrator, 8-15 Mcs and 150-
230 Mcs, with harmonics covers 8 to 308 Mcs.

Range calibrator,
(2) 6SN7, (2) 6L86, (2) 6V6, (1) 6S]7, (1) 5Y3,

Amplifier 2 stage RF amp for UHF.
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CROSS INDEX OF ARMY VT NUMBERS AND COMMERCIAL NUMBERS
Tube Listings by VT Numbers

VT Commercial VT Commercial VT Commercial
Number Number Number Number Number Number
VT-1 WE -203A** VT-43 845 VT-88 6RT
VT-2 WE-205B VT-44 32 VT-88A 6RTG
vVT-3 ** VT-45 45 VT-88B 6RITGT
VT-4A *x VT-46 866 VT-89 89
VT-4B 211 VT-46A 866A vVT-90 6H6
VT-4C JAN 211 VT-47 47 VT-90A 6H6GT
VT-5 WE-215A VT-48 41 VT-91 6]

VT-6 212A%* VT-49 39/44 VT-91A 6]J7GT

VT-1 WX-~12%* vT-50 50 vVT-92 6Q7

VT-8 UV -204** VT-51 841 VT-92A* 6Q7G
VT-10 ** vVT-52 45 spec vVT-93 6B8

vVT-11 ** vVT-53 (VT-42A) VT-93A 6B8G
vT-12 ** VT- VT-94 675

VT-13 *% VT-54 34 VT-94A 6]5G

VT-14 ** VT-55 865 VT-94B 6]5 spec selec
VT-16 ** vVT-56 56 VT-94C 6J5G " "
vT-17 860 VT-57 57 VT-94D 6]J5GT
VT-18 ** VT-58 58 VT-95 2A3

vVT-19 861 VT-60 850 vVT-96 6N7

VT-20  ** VT-62  801,801A VT-96B 6N7 spec selec
VT-21 ** VT-63 46 vT-97 5W4

vT-22 204A VT-64 800 VT-98 6U5/6G5H
VT-23 ** VT-65 6C5 vVT-99 6F8G
VT-24 864 VT-65A 6C5G vT-100 807

VT-25 10 VT-66 6F6 VT-100A 807 mod
VT-25A 10 spec VT-66A 6F6G VvT-101 837

VT-26 22 vVT-67 30 spec VT-102 canceled
vT-27 30 VT-68 6B7 VT-103 6SQ7

VT-28 24, 24A VT-69 6D6 VT-104 128Q17
VT-29 217 vVT-70 6F7 VT-105 6SC7
vT-30 01-A VT-12 842 vVT-106 803

VvT-31 31 VT-13 843 VT-107 6V6

vVT-32 ** VT-74 574 VT-107TA 6V6GT
VT-33 33 VT-15 "5 VT-107B 6V6G
VT-34 207 VT-T76 6 VvT-108 450TH
VT-35 35/51 v7T-11 7 vVT-109 2051

vT-36 36 VT-178 8 VT-111 5BP4/1802P4
vT-37 3N VT-80 80 VT-112 6AC7/1852
VT-38 38 VT-83 83 VT-114 5T4

vVT-39 869 VT-84 84/674 VT-115 6L6
VT-39A 869A VT-86 6K7 VT-115A 6L6G
VT-40 40 VT-86A 6KTG VvT-116 6Sj7

VT-41 851 vVT-86B 6K7GT VT-116A 6SJ7GT
VT-42 8172 vVT-87 6LT VT-116B 6SJ7Y
VT-42A 872A spec VT-87A 6LTG vVT-117 6SKT
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CROSS INDEX OF ARMY VT NUMBERS AND COMMERCIAL NUMBERS
Tube Listings by VT Numbers

VT Commercial vT Commercial VT Commercial
Number Number Number Number Number Number
VT-117TA 6SK7GT VT-154 814 VT-197A 5Y3GT/G
VT-118 832 VT-155 spec tube VT-198A 6G6G
VT-119 2X2/879 VT-156 : " VT-199 6S8S7
VT-120 954 VT-157 ) " VT-200 VR-105/30
VT-121 955 VT-158 ' K VT-201 25L6
VT-122 530 VT-159 " " VT-201C 25L6GT
VT-123 RCA A-5586 | VT-160 " VT-202 9002

superceded by VT-128| VT-161 12SA7 VT-203 9003
VT-124 1A5GT VT-162 128]7 VT-204 HK24G
VT-125 1C5GT VT-163 6C8G VT-205 6ST7
VT-126 6X5 VT-164 1619 VT-2035A 5V4G
VT-126A 6X5G VT-165 1624 VT-207 12AHTGT
VT-126B 6X5GT VT-166 371A vT-208 17BS8
VT-127 spec tube VT-167 6K8 VT-209 128G7
VT-127TA " " VT-167A 6K8G VT-210 154
VT-128 1630(A5588) | VT-168A 6Y6G VT-211 6SGT
VT-129 304TL VT-169 12C8 VT-212 958
VT-130 250TL VT-170 1E5-GP VT-213A 6L5G
VT-131 12SK7 VT-171 1R5 VT-214 12HS
VT-132 12K8 spec VT-171A 1R5(loctal) VT-215 6E5
VT-133 128R7 VT-172 185 !VT-216 816
VT-134 12A6 VT-173 1T4 | VT-217 811
VT-135 12]5GT VT-174 354 'VT-218 100TH
VT-135A 125 VT-175 1613 | VT-219  **
VT-136 1625 VT-176 6AB7/1853 vVT-220 250TH
VT-137 1626 VT-177 1LH4 ' VT-221 3Q5GT
VT-138 1629 VT-178 1LC6 fVT-222 884
VT-139 VR-150/30 VT-179 1LN5 VT-223 1H5GT
VT-140* 1628 VT-180* 3LF4 VT-224 RK-34
VT-141 531 vVT-181 724 VT-225 307A
VT-142 WE-39DY1 VT-182 3B7/1291 VT-226 3EP1/1806P1
VT-143 805 VT-183 1R4/1294 VT-227 7184
VT-144 813 VT-184 VR-90/30 VT-228 8012
VT-145 5Z3 VT-185 3D6/1299 VT-229 6SLIGT
VT-146 INSGT VT-186 spec tube VT-230 350A
VT-147 1A7TGT VT-187 575A VT-231 6SNTGT
VT-~148 1D8GT VT-188 7ES6 VT-232 E-1148
VT-149 3A8GT vVT-189 1F7 VT-233 6SR7
VT-150 6SA7 VT-190 T7H7 VT-234 HY-114B
VT-150A 6SATGT VT-191 316A VT-235 HY-615
VT-151 6A8G VT-192 7A4 VT-236 836
VT-151B 6A8GT VT-193 1CT7 VT-237 957
VT-152 6K6GT VT-194 1777 VT-238 956
VT-152A 6K6G VT-195 1005 VT-239 1LE3
VT-153 12C8 spec VT-196 6W5G VT-240 710A
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CROSS INDEX OF ARMY VT NUMBERS AND COMMERCIAL NUMBERS
Tube Listings by VT Numbers

VT Commercial
Number Number

VT-241 7TE5/1201
VT-243 7C4/1203A
VT-244 5U4G

VT-245 2050
VT-246 918
VT-247 6AGT
VT-248 1808P1
VT-249 1006
VT-250 EF50
VT-251 441
VT-252 923
VT-254 304TH
VT-255 TO5A
VT-256 ZP486
VT-257 K-1
VT-259 829
VT-260 VR-75/30
VT-264 3Q4
VT-266 1616
VT-267 578
VT-268 1285C7
VT-269 TI17A
VT-277T 417
VT-279 GY-2

VT-280* C7063
VT-281* HY-145ZT
VT-282 ZG489
VT-283* QF-206
VT-284 QF-197
VT-285* QF-200C
VT-286 832A
VT-287 815
VT-288 12SH7
VT-289 12SL7GT

* Indicates VT number

canceled.
** Obsolete,
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CONVERTING THE ARC-5 AND BC-454 SERIES
RECEIVERS 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) General Description:

The receivers are very compact, light, 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 Freq. Coverage IF Freq.
BC-453 190-550 ke. 85 ke,
BC-946B 520-1500 kc. 239 kc.

R26/ARC5 BC-454 3-6 Mc. 1415 ke.

R27/ARC5 BC-455 6-9 Mc. 2830 kc.

The first two receivers listed are not recommended for 10-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 12SF7 tube at V6 as the
second IF and AVC, whereas the command sets use a 12SK7 as second IF and the
AVC is taken from the 12SR7 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 will 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.) All extra filament wiring as used in the original 28-volt
system should be removed, along with the filament choke L-14,

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

Original Replacement
128K"7 6SK7

12K8 6K8

128R17 6SR7 or 6SQ7
12A6 6K6, 6V6 or 6F6
ARC-5 Only-12SF17 6SF1

No changes in wiring are necessary when substituting 6-volt tubes.
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(¢) Removal of Present CW Oscillator Stage:

1t 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 12SR7 tube and all wires to terminal 5 of the 12A6 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, R17, C29. It
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 12SR7 tube to
be free for use as a stage of resistance-coupled amplification. Refer to the circuit
of Fig. 2 if the BC-454 series is used and to Fig. 3 if 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 noise limiter 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 V7 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 10-meter op-
eration the RF section must be modified further as follows:

(f) RF 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.

L1 (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 9turns 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.)
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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.

L5 (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 10-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 27 to 30 Mcs on the calibrated dial. The original dial plate
should be removed by loosening 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 V3 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 taken 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 tc
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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BC-946-B RECEIVER (Before Conversion)

Typical of Command Set Type Receivers

13




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 12-1/2 pounds. It
operated from 28 volts DC, requiring 3.25 amperes, witha self-contained dynamotor
supplying the "B" 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 6]6's operating in parallel push-pull 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 1/4-
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 of the
antenna circuit is also controlled by the variable antenna loading condenser, C-159,

The receiver section consists of the front-end section (6]J6 oscillator and 6]6
mixer), 30-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 "froat-
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 in 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 components used for radar operation as listed below:

Dynamotor D-101

Relay K-101, with terminal board and associated parts.

RF Transformers -T-108, T-109, T-110, T-111, T-112, T-113, T-114, T-115,

& T-116

Condensers C-157, C-158 (A & B)

Coil L-111

Tubes & Sockets V-110, V-111, V-114, V-115, V-116, & V-117, with all

small immediately associated parts.

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

E-103 (associated with V-109; leave tube and socket).

Plug 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-end section " !

Transmitter section " "
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Removal of the above components leaves primarily only the IF section. Tem-
porary removal ofthe transmitter and receiver front-end sections 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
the 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-volt 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 the 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.
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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 careful 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 (6AG5), 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 the 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-
cillator.

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 secondaryis 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:

Power 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 resonant
point. Mixer resonance should occur near the open position of its condenser plates.
If it is not near this point, the tuning range ofthe mixer can be shifted by moving the
shorting bar on the mixer line, Generally this adjustment is not necessary.
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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 "B" on panel) 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 will 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 of the 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 level 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 line
section can be used,

(j) Optional Refinements:

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

(1) By 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 from a VR-105
(used in the original circuit) for the screen supply voltage ofthe IF amplifier section.

(5) For optimum transmitter adjustment, metering ofthe grid and plate 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-274N SERIES
TRANSMITTERS FOR 10-METER MOBILE OPERATION

The SCR-274N or ARC-5 series aircraft transmitters, have several good fea-
tures that justify their modification for 10-meter mobile operation in conjunction
with the popular PE-103 dynamotor., This converted transmitter, used in conjunc-
tion with the converted 10-meter ARC-5 or BC-454 receiver, also described in this
manual, provides the amateur with a satisfactory 28 Mc., mobile rig at a very rea-
sonable cost.

The SCR-274N or ARC-5 series transmitter consists of a stable VFO with a
directly calibrated dial driving a pair of parallel 1625's (12-volt 807'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, the BC-459, having the funda-
mental frequency range of 7 to 9.1 Mc. Multiplying by 4, the output frequency be-
comes 28 to 36.4 Mc which includes the 10-meter band. It becomes apparent that
the BC-457, which has a fundamental frequency of 4 to 5.3 Mc, with a frequency
multiplication of 6, covers 24 to 31.8 Mc, thus including both the 10 and 11-meter
bands, If the BC-457 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 VFO
circuit, coil compartment, and variable condenser C-63 which are left intact; the
variable condenser (C-65) 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 shaft.
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 J-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 12-volt tubes must be discarded. The
1626 oscillator tube can be directly replaced by a 6]5, its 6-volt equivalent. The
metal type is preferred,

The two sub-chassis sockets formerly occupied by the two 1625's are now
modified for the 807 (PA) and the 6V6 (second doubler). Due to the different base
of the 807, the T-prong socket holes must be filed out with a small round file toac-
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 6SK7 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-67) 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
VFO that formerly drove the grids of the 1625's, In the first doubler grid circuit,
R-74 becomes the grid-leak 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 will eliminate the necessity of removing the os-
cillator compartment shieldto determine the proper connections., 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 mounted as near the 807 socket as possible and is controlled 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, the PA feed RFC is located 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 requires
less capacitance in the loading condenser and more capacitance in the PA tuning
condenser 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 antenna., 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 2 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 0.75 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 6SNT
which in turn is driven by the surplus T-17 single-button carbon microphone.
Transformer 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 807 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 full 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 voltages forthe screens of the 6V6's and
the 6SNT7 as well as for the low voltage stages in the transmitter are obtained
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 arrangement 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-
venient point onthe dash panel and includes a mike jack (for PL-66), a toggle switch
(s.p.s.t.) and a pilot lamp,
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Since slow-heating cathode-type tubes are used inthis 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 coatrol 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 load drawn from the car battery when operating the transmitter willbe
approximately 25 amperes, Normal operation and tuning adjustments will not over-
load the circuit breakers in the PE-103; if they do open, trouble can be expected in
the transmitter and modulator circuits, The connection diagram and operation for
the control circuits should be self-explanatory from Fig. 7.

(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-leak action., The lack of RF excitation to the grid of the
807 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 low voltage applied to the transmitter, set the oscillator at approximately
7.25 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 dip inthe PA plate 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, 10-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 compensate for the slight electrical
differences in the new circuit following the VFO, and for variation between the for-
mer 1626 and the 6]5. Recalibrating is a simple operation and is done by setting the
VFO dial to 7.50 Mc. and beating its second harmonic with WWV's 15 Mc, signal in
your receiver. 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 top of VFO coil compartment)
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 0
PA Grid Current 4
PA Plate Current 8

.6 ma.
to 5 ma.
0 to 90 ma, (normal loading)
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When loading the PA to the 1/4-wave (approx. 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 useful for 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 Indicator, which consists of a pick-up turn at the cold end of the
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 heavy 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 control.

(4) Metering, can be more elaborately done by mounting a 2-inch O-1 ma.
meter inthe front panel of the transmitter with a rotary switch and circuit as shown
in Fig, 5.

(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 6F5, 6]J7, 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 VFO, can be slightly 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 Volume ofthe "Surplus Radio Conversion Manual’,
"SCR-274N Transmitter Conversion to VFO,"
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COIL_WINDING DATA /C g 4

L-1 (1st doub. plate) 14Mc - 12 turns, #24 enamel, close wound
on 5/8" dia. form.

L-2 (2nd doub. plate) 28Mc - 7 turns, #20 enamel, space wound
on 5/8" dia. form, length 3/8",

L-3 (PA plate) 28Mc - 9 turns, #16 tinned, 1-1/4" long on
1" dia, form,
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lead, 1/4" dia. 1/2" long.

21 /— 4 PosiTion

=

0005
\- ! Tuen

Frck-upP Loor 23

figs =

VALUES Foe METER SHUNTS
DPETELMINED FOE CIHRCULIT
COMNCERNED & METER USED.

30




P e s e e e e e e T —
| FILLINENYIL xvo) 23y | *p6 "3d ‘TenUBR UOISISAUOD
_ “ otpey snidang ‘I ‘[OA 0} I39J3I SHND
! -I10 g0T-Ad 104 'UMOYS d1€ SUOH}
_ \_u%%hw\m = A i -oauuod 3nid zojowreuLqg ‘°paxinboug
_ AT W\:\Ew 2Ny axe S1IN0I15 JojowWeukp ¢0T-dd U
| ; | IO SUOTJRIIINE ON ‘}INOJILD [OIJUOD
| . J0J0WRUAD 3y} S[OIIUOD OSTE YIIYm
! s | £e[9I JUSWIRII] B SOPN[OUl JINOJITO SW HION
L. S |
T~ 1 T e e
_ -1 Z m .\\ “. X08 1091N0) .wkm.x\.uml"
S | 2k
| -t 0LV NGO I‘_.I |||||||||||||||||||| 1 B
_ b SOLS T s e e e s e e e = T 27 T = = 17
| = W__Wv " | w.nm,n,\mi.«% = | maun
_ T4 ﬁ _ «\nYnl.@ln_ | Nosavs
,.mp& / | 7
n i LOT7/S _
| Al
| qﬁuw " L - —— = -
r——— - -7 777
Lo 4 1 1 i . - - | _
_||]L
— | _
| | |
v I _
| ] .
AV73Y 4 [ E—
i
oNSD s ! |.—|
| i
N 005+ m." | pg | _+
L NAG £0/-F _| 4EvE A9

FILLIWNSNVI [ FTI80 304 SLINIIID TOILNO)

31



MODIFIED BC-459 XiTe & MobuiaTor ScHEMATIC

cSC
672

MopuLATOR

MIKE 70 PP
GRIDS XFMPR

111

JACK For
PL-66

ji /oyzm

l
l
l
|
|
f
I
l
|
l
|
I
l
I
l
|
l
|
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.00018 uf

Master Osc, padding
.008 uf

Fixed Neutralizing
Master Osc, tuning
.002 uf

P.A, tuning

.01 uf

P.A. padding
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50 uuf

Xmttr Selector Relay
Xmttr Output Relay

7~ AMP PLATE
L52 - Ant, Loading Coil
R67,R72,R75, - 51,000 ohms
R68,R76, - 20 ohms
R69 - 1 Megohm s
R70 - 1000 ohms /? o)
R71 - 126 ohms —_—
R73,R74, - 15,000 ohms
R77 - 390 ohms
R78 - 51 ohms
RL-50 - Parasitic Suppressors
T53 - Oscillator Coils
T54 - Amplifier Coils
Y50 - Crystal Unit
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SELENIUM-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., 24-28
volts d.c., and 115 volts a.c. at 400 cycles or 800 or 2400 cycles. It is impracticable
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 supply for the equipment andto design this power supply for
operation from the standard 115-volt 60-cycle line,

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 24-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 Rectifier.
(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 75 to 85
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 paris. !
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Design of Selenium-Rectifier 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-
ily in one direction than in the reverse direction. 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 rectifier 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 for 24 to 28 volts output have either two or three
units in series in each of the sections. In the curves of figure 2 the number (1)
represents the very smallest rectifier plate while (8) represents a relatively large
plate of the type used where several amperes of output current will be required.

wrrent Rotings

T T For Normal Output C
N

R. M
\

{
\a1

voLuTS
\

.*.h\

w

9 1 2

ey ACTURL CURZENT IN AmPERES
CURRENT RATION" - RATED CURRENT IN AMPERES

Figure 2 - Dynamic voltage-drop characteristics
of six typical selenium-rectifier 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 rectified wave is 0.9 times the transformer 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 rectifier) 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 times the d-c output current which will be 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 rectifier is 1.15 times the average or d-c value of the
rectified wave.
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TYPICAL VALUES FOR A 28-VOLT, 10-AMPERE SUPPLY.

S-A.C. LINE SWITCH.

F —5-AMPERE FUSE.

T- TAPPED 35,36, 37, AND 38 VOLTS AT 12 A.
L~ 0.025 HENRY, 10 AMPERES.

C - 2000 UFD., 50 VOLTS.

R—- 30 OHMS, 50-WATT BLEEDER RESISTOR,

RECT.—10-AMPERE, 28-VOLT SELENIUM
BRIDGE RECTIFIER.

The use of a choke-input filter for the 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 rectifier will be approximately 1.2 times the d-c
current being taken 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 = Ry/1000. In
this case Ry, represents the smallest value of load resistance which will ever be
used across the output of the power supply. If the power supply will sometimes be
allowed to run without external load, Ry, is the value of the bleeder resistor which
will be used. However, if the power supply always will be operated with full load,
Ry, 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
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be in the region of 10 millihenries, depending upon the voltage and upon the 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 will be required. In the power supplies for these
items of equipment it is necessary only to connect the output of the rectifier 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 350 C. the maximum safe operating temperature of the
rectifier unit will not be exceeded.

39



THE ARC-5 VHF TRANSMITTER/RECEIVER

Most "surplus hounds" are well familiar with the popular ARC-5 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-23/ARC-5 Transmitter andthe R-28/ARC-5 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
information 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 of
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-7/ARC-5) is a separate unit including a 28-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) e oran "
Xmttr and Modulator (transmitting) " " ""g.,5 "
Receiver, Xmttr and Modulator:
(Standby) " n fmoon 4,7 i
(transmitting) " " "'1,5 !
(channel switching) " " " 8.9 "
Transmitter:

The T-23/ARC-5 transmitter weighs 12.3 lbs. and is 15-3/16 inches by 8-9/16
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 44-45.

The power output is from 6 to 10 watts into a 50~ohm antenna on any one of four
frequencies within the following channels:

A -100-124 Mcs

B - 122-146 "
C - 122-146 "
D - 132-156 "

The crystal frequency tobe used for each channel is determined by the following
formula:

Crystal Frequency equals Carrier II;requency

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 amplifier is plate and screen modulated by the separate MD-7/ARC-5
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 connect an external milliammeter from the terminals of J307
(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:

Oscillator grid current 0.7 to 1.2 ma

1st harm, gen, grid 1.5 to 5.4 ma
2nd harm. gen. grid 1.5 to 5.4 ma
RF amplifier 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 by 7-5/32 by 4-7/8 inches
in physical size. It is normally plugged into a type FT-220A mounting rack.

The 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-
lowing channels, depending upon the crystals used:

A-100-124 Mcs. For schematic diagrams
B- 122-146 " see center spread,
C-122-146 " page 65.

D- 132-156 "

The crystal frequency is determined by the following formula:
Carrier Frequency - 6.9 Mc.

Crystal Frequency equals

The Intermediate Frequency is €.9 Mc. and the audio output impedance is 300
ohms, unless the BC-942A equalizer is used, which causes the output to be 4000
ohms,

The tube line up of the Receiver is as follows:

V101 (717A) RF amplifier

V102 (717A) Mixer

V103 (12SH7) 1st IF

V104 (12SHT7) 2nd IF

V105 (12SL7) Det-AVC-squelch

V106 (12SL7) 1st AF and squelch amp.

V107 (12A6) 2nd AF

V108 (12SH7) RF osc - 4th harmonic generator
V109 (717A) Tripler - 12th harmonic generator
V110 (717A) Doubler - 24th harmonic generator
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For information, the plug connections on the receiver are as follows:

Rear plug (J102) Front plug (J103)

1- Ground 1- Channel A control
2- Audio output (hi or low) 2- Channel B control
3- MVC gain control lead 3- Ground

4- AVC-MVC control lead 4- Channel C control
5- Blank 5- Channel D control
6~ 28 volts (in) 6- Blank

7- "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 drawing of 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 RECEIVER (Cover Off)

FIG. 6
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ARC-5 VHF TransmITTER TUNING
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CONVERSION OF THE GO-9 TRANSMITTER
(Also applicable to TBW series)

The model GO-9 Aircraft transmitter was manufactured for the United States
Navy and used primarilyin 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 it covers directly 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 differences exist between the
models: First, the TBW intermediate frequency section covers a slightly different
range (350 to 1000ke.); 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 generally used for the TBW, but as this conversion data pertains primarily 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 will not be necessary.

The assembly consists of three aluminum frames fastened together with snap
catches and guide pins to operate as a single unit. All 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:

IF Transmitter GO-9 TBW
Type CAY 52192 Type CAY 52238
Size: Height 33 31/32 inches 33 1/4 inches
Width 10 1/2 inches 13 5/8 inches
Depth 16 3/8 inches 17 1/4 inches
Weight 44 1bs. 76.5 1lbs.
Frequency 300-600 kc. 350-1000 ke.

HF Transmitter Type CAY 52193 Type CAY 52239

Size: Height 33 31/32 inches 33 1/4 inches
Width 10 1/2 inches 13 5/8 inches
Depth 16 3/8 inches 17 1/4 inches
Weight 417.5 lbs. 84 lbs,
Frequency 3000-18,000 kc. 3000-18,000 kc.

Rectifier Unit Type CAY 20103 Type CAY 20084

(includes Modulator)

Size: Height 33 31/32 inches 33 1/4 inches
Width 7 3/8 inches 10 7/16 inches
Depth 16 3/8 inches 17 1/4 inches
Weight 40.5 lbs. 71 1bs.

Tube Line Up (Same for both GO-9 and TBW with exception of an additional 843
modulator in TBW.)
IF Transmitter 1 type 801 Master Oscillator
1 type 807 IF Amplifier
1 type 803 Power Amplifier
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RECTIFIER UNIT

I. F. TRANSMITTER
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Fig. 4 - ORIGINAL SCHEMATIC OF GO-9 TRANSMITTER

54

R201-25%
8
?1—"03‘ A
> . , 5, %2,/ MFD. .
av o uﬁﬂ d O Vit
FEERY X 73_ G
T‘ i l\: weor
£ O o ‘o> N
S ’Tu«a "‘"“ I
‘g\ t?_"“‘“’; P
Q. | -
> —
o+ —_— 202 - 6
\ Tcaoc = F203 e
siivi. | FOIMED. 1576 pa
: LE0 Ao
C- 20/ (25400, ¢ w
} rers ! €204 ¢ czos o]
= -~ 3.
= —2204 RUL I 8. oz szor
A 100G M D3y | /s =
rzo3 =
Tczea R
T3 L:—T
4 3 .
- rzoy -
FoT—— — %5y :
LT
st G
: goas
TN 1 p
Vo .
> ar 0. Jasoo K 7R X
€ .0 clrea wioz ([ Rie3
/D, S
T Li02 cer
2.5 arm, = 3osmer
cot
' 4
cror Zail
| Fssne "
k
I L0/ S0t
i 154N cee2rsSd
! #8004 W0,
|
1
'
|
- - — —_




X ciz0 -OL A
TC/ZI 02 ADy

Fig. 4 - ORIGINAL SCHEMATIC OF GO-9 TRANSMITTER

55



THE BC-357 MARKER-BEACON RECEIVER

Marker-beacon receivers, particularly the BC-357, 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-
sitive 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 items 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 6]5 tube. The circuitis self-rectifying to permit the use of the 115-volt a-c line
voltage as plate supply potential. Before adding the new circuit the chassis is
stripped ofall components except for the 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 ke,

The operating principleis as follows: When the circuit is oscillating a relative-
ly 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 loaded by an external capacitance the r-f grid 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
will 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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CAPACITY OPERATED FELAY CIPCUIT
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HIGH-FIDELITY TUNER
FROM THE BC-946B RECEIVER

The BC-946B aircraft receiver, or its Navy equivalent, in the ARC-5 series,
lends itself readily for conversion to a high-fidelity broadcast tuner. This re-
ceiver is identical to the SCR-274 series except that its frequency range is 520 to
1500 ke. with an intermediate frequency of 239 ke. 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-parallel while the high voltage
was supplied by a dynamotor mounted on the rear of the chassis. The original tube
line-up is as follows:

128K7 1st RF amp

12K8 1st Detector (mixer)
128K7 1st IF amp

12SK7 2nd IF amp

128R7 2nd Detector, CW osc.
12A6 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 J-2, dynamotor) with their respective wiring and hardware
should be removed and discarded. This is done with 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 inside can), C-26, R-14, C-29,
R-19, R-18, R-21, 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-velt 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
6E5 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
6V6 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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(¢) 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 junction 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 includes the conventional volume
control in the grid circuit of the 6SR7. The audio output from the triode section of
the 6SRT 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) are brought out on the
rear end of the chassis through a conventional socket. 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 "B" 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 those of the power supply and amplifier used. A grounded
center tap on the heater transformer at the power supply cannot 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 ke,

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 ke, 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 will 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-
quired if 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 BC-946 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 coatrols 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 dial (180 degrees rotation) mounted direcily to the tuning condenser
1/4-inch shaft. This arrangement eliminates the former gear drive sincethe driven
condenser gear, onthe condenser shaft, is replaced with the ordinary 1/4-inch shaft
conpling 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-946B:

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 less than 6% distortion. At normal listening level (approximately 1 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 amplifier on the BC-946B chassis but uses the power supply as a separate
unit., The amplifier section utilizes push-pull 6V6's operating AB1 and is capable of
delivering 10 watts at less than 3.5% 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 design accounts for better performance from the 6V6's, Dual 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 12-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.

]
NOTE: [INSIDE BACK 6Af/" :
SCUBFACE IS COVEFED /g 4
WITH HAIP FELT 0f
GLASS WOOL. 3"

For Wiring Diagram (Fig. 5) see pages 8-9.

63



§2-

Sw22.438)
ﬁx 00! +8

9N 7S
NOILIINNOD 2FMO

(248/2)

"LINDS¥ID TYNISIZO
W0 S FIY YIFWNN LV AT

QIFLYIIAN! SANINOIWNOD ~FLON

+

S

I TINY
OL JOLI2INNOD
278D 2y

EXAL
INOHIOXIIW , 0 XOddl

i z424

Y
FATONINAL €379

AN

234v/

Wc
)

re

‘STVNDIS TYO07
NO A2/ XOdddv

FVLION IAY =~ ILON

onv

v$/=D
(12 lﬁl
>o0s2
N AW 001 SHOS
w@
x -
-
-,
-y
IANOS
! 2¥59
e —AW
3N 7 S04/

FINNL ALI73014-HOIH 04 NOILIIS 010Ny

<
[Ned



‘nd 99s “9x91 IO

TAIIOAY AHA ¢-0OWV - ¢ "Dld

0

B

o

[ony

Bt

Cmaneyerare a1
: beds R italnl:

NS FRRIY

wir
WNNLLNY

c192L S00MMF

G TINNVHO

5

8 T3INNVHO

¥ I3NNVHO

—

0MLNOD
HON3IOS

—— et

e e

LOM
g

o —
1
1
* 1\
\
i

g W s it

[ —

I

6892 -LA

Vil -NYP

) W |

C173 , 500 MMF

RISS 68000°

[ ,CI05F 8¢

‘—CTE oc 425 MMF

3
65 MMF Ci74.4.0
MME

C176,,.002 MF.
RIST . LilG
o

Ly
22,090 N

.\ [43)
2MF

Lils

CI78 .| G180,.2.0
MMF

RSN OPUS IS G P
1

"
CIT9 "AC B S MMF

4

== CI05C BC425MME| _

AAﬂ,_
L

] w6

W (e
LY

] 2 e e o g

-

N39 NUVHm 2!
HIML -60IA

~21 9G1Y

Vi1l -NVE
692-LA
N3D WHW b2

mel 291k

4318n0G ONA

1
I
|
! m?
@nw
ol
CIQ3 AC 65 MMF @S Y |
- 6.0 j g3 i
Tooz oozmr  'WMF s |
l—* N =
(R[]} S -
JERAT !
"7 CK05A AC 42.5MME| .
1
E<|
CI06 500 MMF §,5’x_79‘
2 m ~857
;092.
B
3
s .
i
! R
K ;
l ;
i
¥ "
}
: Y
. g i
{ RI08 O RIO?| L 103 3 3
10.000" QINES (e ‘
| cria 002MF _ Joww| S ‘
| GlS . AC 65SMMF Ju :
L “E105¢ 0, 425 MMF
e
SERL R T -
BiSL.. Y . |
et il i —
Hi- fi—f
|
! i : §u "o |
| ¢ 88 B L1818 < |
HHHE Bt |
PlosiEE 38 |°6 IRAS
Jo® I
| >
7 ’
| Ci 500 MMF | Sa |
i 120 TooIMF | 82
. RUQ_39,000° Y- |
! [RuL spoo> omi. sommr b
{ w| Rl SF00% _ CRI, 30MMF L on
| c«za,ooeY G122 30 ‘a!ai
1 MF o) 105 'MMF ]\éni
! L RE3 IBMEG 2ER 1
I 124,006 LI0 ifﬁfg!
| Tl
'

) “mf7mes_cessomr_| |} |
! L
—_

| Ci27, 006 MF
‘ ) ( < pS
| - < ST B<£2 |
! — R
| 2207 A Rt
P . o821,
i T I 33
! ' RIT G129 CO6MF
' 1
z
® -
~ i~
£ Z;F—"
ET
3
. BT
5

o] Rig7 0002

OO MMF

c

- FUE— - ; 3
- - ' x3
| -
- . e 1 | 5
* £ ! i 3
2 S " o ‘ O 3
R v a9 008MF [ | T 7ol R3S 00002 ciae 3 B
R | E e - Fo R137 = - S <
i 0 | [ . AAS—— g
s : §< : i TR OO Ri3c B MEn
4 . [ ;( H YO 27 MEG RN G Ttk
+ | s LGl LI S o
e & e FONENS e SIE ; e gy o
S ZIENE ;gmwé‘ﬁ’ Raesacoor | [REIEERELT T
. v - A | Q| SBEDN {
e | RIS
s g R sas or sa6).
: RI3E IOMES | 3 | | .
L B 148 OCEMF 1 L UNIT)
. i RIB 27TMES X T ‘
[ > . |
X I K 1 t i
l g ! ol i
! o
2 P T§g [
LR [ 1 ¥ =T
. i S b i
L g i 1
: I L L
. i PL
i = ! ~ /
| X Eg;g RI120 56 MES
| ST '*"‘“4?
Q PR CI31A 08MF | 1
S RI6841 MEG AT 300V ".E‘l‘? C13ic, 05 MF i
‘ - ] R - F i _ ;
2 | 57 001 M. - AVC-MVC_ CONTROL c 159 .002 MF O“'?\—A-‘] o
! ) 3 [ -
H o MVC_ GAN CONTROL 3
- i et S § 2q o o !
| p——— § & — \Ff |
1 LN AUDIO_OUTPUT 4 C162 002 M i
- 4 Hy (10 TEST UMy | T CI6100ZME. :
i LY (28YOTS0-G) | | 60T 002 WF :
GRQUND 1 Taisa L ooz jue i




_dRuInK

T IMY
gh\n.os:-u.., X08 NOLLONN® R S - -
TORE IS T - . T e oTmT o —P QYN PI

4+ — N Alo.l.ln!xv.|||, ﬁ LIND T0¥INOD §-DHV /08 -2 . ot \N@x\*&
© DN Mo T T T — e pm— - A2

e [ 008 e | P

: v M ©009 | I i , \nmv g o)

N\ﬂ | — ! _ \g oo

[ r— | I - R et ” - 9

- Lis6-0 963 ON 50
2y ONV Ly O1p-0
STOVLAIIW 0

ANINIONTEEY TN NS

| N 2 LINM Y0¥ ANDD
s | { pt . C-Ouv/2v- 0

o
o
i~

) — e B ; , L8 W | 1
Js s * gy 9dvd | A e !
Juss-t orligl 29s ‘191 J04

ANINIONVHYY TYNINGAL

oF 7 i e e g "Dl

X 1 —— A1d
z [~

g mn. -dns 1amod /royRnpow

sn[d “UO1II9UUCIIAIUL

= 695 D ! -
‘ VTR reutdiio JHA -0V
Vs .
3 st » NOLLISOd 1 ON
109" N _AON
: ¢ | 01 03LJINNOD ITVLATN 0 Git T
— g 3 31V W00 NINIONTAHY TWINMIL \
! e o] =i
_ 107 _
H T \
_ u =y "/_
1 SR
;
_ ! i
. 245 3 il
| | SRR |
gRM S |
_ | S| BR “
1 _ _ ;
| | i
ol 2 TN s
1L~ ONY OL-T —
_ HTonTR 5| 4f $ITVLd393 S0 ST ONTR M
! TS ANININVHEY TN S oNTIS
TONTE °) _o -
T IS0 _ 1
' [ [ ]
B2 l -
L
" 93 250 iy
153 v 2 39V1I0A
5w @ S aw 0F - 061 A G
"
. AR N AH nW !
9vK ON or = £ 3
[ — W 9Nl 404 T M - i
! R bt 9 D owies Bew |
_ ﬁ FTHIW “gg.¢ 2k . g iR st _
_ . . 3T bt pER s ey TR |
e <l ] w TRt s
' TR : o 9 |
_ ~55" N N
! * a,ww b |
! |
R Y oq 6\%\ [ - ——
_ wr ]
! Mo LT AU !
_ NOIL1SOd ZON g b ' '
QL 93L03NNOD il i
1 UV B0103136 .
| M ¥
! Haax i
i i

{SHILLIWSNTML OML)
HOTY ONILNNOW SOV /-1t ° o
19-r ONV_09-f s 2
FERIVE ] °
ANINIONYHHY YNNI

[RIFECE s VIR PR J
W TN OO G OMYl



” mmm — 3. .
R - P 832
: 3 — o\ 8 e SFER ,
: - N 5 N I g gyt L= . N <7
| a®; e 3 L2r e V8 “ Y oA
| A R 4 R
i N ~ ”
ﬂ 3 5 . | MY S o g Yyt - Py
; 2 o . g " i 1 - - mo
i >4 O [¢] ) g in ! - - Lo
; g F. m m ; \lOOOCJ v ,
” - & = I s 1 | o ey
, Ree B 8 99 G L4 Ok S < fTH4RR
| ™ . hat o . < @ Q= i
i °1 o o R <] AT 0T < N
“ “ M CH i g 0 AR S - !
: [\ ) i i
_ e N
” p o D D U G . -
W % 8 R P o . 3 il
i @ _ T M\X"‘f\\, b g a < < i
, 1|., * 40 ’ R»\.“ HM o s d
PR S s¢] ¢ e ~,

9] 4 - - Py 8 Vv | S Ls! o} (.OWQL

? o ° L [ o

X Rd

ﬁi%»».& - s

A,nb\

— A ey 2 ,,

‘3

R S

NN
EREeR]

DIAGRAM - SCHEMATIC
HF & LF TRANSMITTER & RECTIFIER

K-0H-C

M-101

A ' 1
AAA!

ZL s.w. ._r < :

Sz Nz 2R z i ,,
ol O ) _,
o hY .
: g I : &

...... Q S 2

< 9 5

g 2 & 8 e

e o ] °g2

? oT o]

-107
c-m

L S

'
i
'
|
|
'
l
'
|
i
'
1
'
1
i
1l
i
|
‘
1
'
(
(
'
'
'
]
|
I
1
i
I
|
'
I
|
)
1
i
i
i
i
i
t
]
h
'
'
s
'
1
'
'
'
l

FIG. 5 - ORIGINAL SCHEMATIC OF T W TRAN:MIt tTER

For text, see page 49.



|
|
I
|
|
|

. ¢ _ % Ul ,
$6 aded aas “4x9] a04 I R
enousnssn g swuric s so0s vism 1o 1 I T A
(e A e LT v :
R AEC g gt BT LA G S h! — . .
LIRS LTI T o el e i
[ R |
e “ 9 ._w‘ L1t 1
1!!\_ Ve —_— |Jlr|ﬂﬂ_ H R i
i S A _ﬂm | N ,. FowT T
r LR " Ll ®
T Cl1YV- ¢ o1a T R A
Lo e, « 3 e ow i o T T )
—_— e _e:z.. N _ll.| .qlll smor AH! - .xrn—. LiNA FBBLNTS §ifval aiss
TR T3 - WO oV ) [* i a8 .mm L Gon
1
_ B 141 Xy 3] L\ zous [, w
= o 3 3 ., : — e TN e
! 18 oy Lol | el DB T2™
35 | £ Y e 8 TR : ,jc. P
38 +3 i o - & | t ”q
mmH mm... =3 v Prr e AXV;F.“.‘; TH m 3 | 111 T . i
8} & 35 i o ] mm 18 Avw m_ u_ ,_ B | i
o FERTT TR T b 1
- M 338 — i » DL
.ﬁkt‘ % o o _ ot R el 1.8 ST mo
SR TR T o 1T
vad I = 1) L
== iy g oo el 24 )

g
|
|
i

3
Ll
|
.
>
|
|
I
|
}
i




I

WX DIMOYS YINOL

ALy

!
g]l
+{!
oll
N

el

. 3
wwol—-HZ/

SALH NED w |

I

L bif

se

+|I!
]
AN
o6&
8§
1

ANIS Wd

X008

GV X LNnaddnO
MvSTIAINGG

~ooz

FINM | 11} JOIAINSITINVY L/

69



m
AE9 W_ g %.\
= E< m
1 < _ Y AGT)
33 =L = | i
NV_/ Hoz H e :
3 (.
1
" P———— \\nﬂ. MW_
—L-000, . il
ywsge/ -Hos SWAX IMS ViN £27
1ndNi ONOHd
| J04 FAIH NV IS
AE0 onD ANSLZ+ ssng +&g
€
vZ
o
INIS Nt Wn
I\
P 8
Py

e

YOS

bam 1 ba / N

NOILD3FS 0Ianty L1VMm=-0/

70



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
tuner assuming a flat response of the
audio system for 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 BC-946B WITH SINGLE
ENDED AUDIO SECTION

CONVERTED BC-946B WITH PUSH-PULL
AUDIO SECTION

fig !
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BC-375 TRANSMITTER

One of the most widely known and widely available units of surplus transmitting
equipment is the BC-375. Due to the 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 relatively simple and quite practical conver-
sion procedure by which the transmitter may be operated substantially intact and
still meet the FCC requirements for transmitted frequency stability of signals on the
amateur bands. The conversion procedure consists essentially 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-375 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 buffer amplifier or as a frequency doubler.

(a) Description of the BC-375 Transmitter:

The BC-375 transmitter originally was designed for and used in larger military
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 oscillator and another 211 as power amplifier,
The audio system uses a 210 speech amplifier or tone generator and a pair of 211
tubes in push-pull as modulators,

The transmitter is provided with a quite flexible antenna-loading circuit. The
output may be coupled into a single straight wire of any reasonable length.

Power requirements for the BC-375 are 24/28 volts DC at approximately 600
watts for CW operation and about 850 watts for phone. Plate volitage is obtained
from the PE-T73 28-volt dynamotor which requires approximately 20 amperes under
normal operating conditions, Its high voltage output is 1000 volts at 500 ma.
Physically 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-375 as the primary component, is as fol-
lows:

Transmitter. . . . . . .. ... ... BC-375

Tuning Units. . . . . . ... ... .. TU-5B (1500-3000 kc.), TU-6B (3-4.5 Mc.),
TU-7B (4.5-6.2 Mc.), TU-8B (6.2-7.7 Mc.),
TU-10B (10-12.5 Mc.)

Antenna Tuning Unit. . . . . .. . .. BC-306
Dynamotor. . . . . . « . v v v 0 0. PE-73
Carbon Microphone . . . . .. .. .. T-17, etc.

The significant difference between the BC-191 and the BC-3751is that the former
operates from 12-volt source for its filament and relay circuits. In the DC version
(component ofthe SCR-177), the transmitter plate power was derived from a 12-volt
dynamotor, while in the AC version (component of the SCR-188) all 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 fila-
ment, mike, and plate voltages for the 12-volt transmitter. The dimensions of the
RA-34 are 13-7/8" x 12-11/16" with its weight being 140 pounds.

(b) Power Supply Equipment:
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If one is not a proud possessor of an RA-34 power unit, two power supplies for
the filament and plate requirements of the BC-375 must be constructed. The fila-
ment power supply must provide 24 volts DC at approximately 8 amperes. The con-
struction of this unit involves more expense than if only AC transformers are used,
but is justified for several reasons. First, it is very difficult to get at the filament
circuits to make any changes. Second, direct current must be used to permit the use
of the antenna relay. Third, a certain amount of AC hum from the filament tubes
must be tolerated unless special balancing circuits are used with AC filament power,

A power supply to meet the requirements is shown in Fig. 2. The selenium
rectifier, with a single section filter, provides sufficiently smooth 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 previously mentioned, this supply is of conventional design so that
it may be used with other equipment. Power connections 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-
lator is considerably outside the limits for amateur operation as specified by the
FCC. This situation may be corrected by modifying the original master oscillator to
function as a neutralized buffer amplifier stage driven by an external VFO. Any
VFO with sufficient power output and the proper frequency range will be satisfacto-
ry. However, the surplus SCR-274N transmitter, when converted, serves the pur-
pose very well.* The output frequency of the VFO must be 3.5 Mc. for 3.5 and 7
Me., and 7 Mc, for 7 and 14 Mc. transmitter operation. The BC-459 (7 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 operation can be
obtained by supplying adequate drive from the VFO.

If the BC-696 transmitter (converted) is used for the VFO, 80 and 40 meter op-
eration of the transmitter can be obtained. It should be noted that frequency multi-
plication greater than two in the converted master oscillator stage is unsatisfactory
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. 4 to a coaxial con-
nector mounted on the side of the transmitter.

The 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 Fig. 4.

(e) Conversion of the Tuning Units:

Modification of the tuning units primarily involves changing the original oscil-
lator circuit to a neutralized amplifier or doubler circuit. Additional modification
of the excitation and neutralization taps for the PA also are suggested for increas-
ing excitation to the PA. The tuning units described provide 80, 40 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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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
accessible 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
of positions for these two taps should be obvious from the "before and after” dia-
grams, Fig. 5.

Tuning Unit TU-8B (6200-7700 kc., 40 Meters):

This unit may use the buffer stage as a straight through amplifier or as a
doubler, depending on the VFO source. Output is for 40-meter operation,

The same operations for modification are required as in the case of the TU-6B
if excitation is to be supplied on 7 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-8B in the same circuit
position 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-8B when the first 211
tube is to be operated as a doubler from 3.5 Mc. with 7 Mc. output. Note that it is
not necessary to install a neutralizing condenser when this stage is to be operated
as a doubler, It is necessary, however, to remove the oscillator feedback condenser
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 for the stage is increased. This is accomplished by inserting a 75K
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,

Tuning Unit TU-10B (10-12.5 Mc., 20 Meters):

For 14-Mc. operation, with excitation from the VFO on 7 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 increased bias for the stage. The additional bias is obtained by
insertion of the 100K resistor in the grid-bias lead as shown in the schematic dia-
gram, Fig. 7.

As mentioned above, neutralization is not required for the buffer stage when it
functions as a doubler, thus eliminating the need for the neutralizing condenser re-
quired for straight-through operaticn. The PA excitation and neutralization taps
are 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 buifer 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.
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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. Hence the modulator
bias fluctuates with the PA grid current.

(g) Operation:

Operation of the BC-375 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-375 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,
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CONVERSION DATA FOR THE MODEL
TA-12B AND TA-12C BENDIX TRANSMITTERS

The Bendix TA-12B transmitter comprises a remotely controlled, four-channel,
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 3000 to
7000 kc. The TA-12C covers the range 300-600 kc. 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 Ibs, and in physical size is 15-1/8
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-28B) is usually not avail-
able.

Each of the four channels has its own oscillator and each uses a type 12SK7 tube.
The IPA stage consists of an 807, while the PA is composed of (2) 807 tubes in par-
allel. The modulator (part of MP-28B), is composed of two amplifiers, a 6N7 anda
6F6 driving a pair of 807's in PP,

(a) Filament Conversion:

The tubes in the transmitter proper are wired originally for operation from 24
volts and are in series-parallel. The first step in the conversion is to rewire these
for 6.3-volt operation by placing all tubes in parallel. 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 6SK7s. If desired, the entire tube line up may be wired for 12-volt
filament operation and the 12S8K7'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: Clip all wires to K101 and remove it from the
transmitter. All 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 as it merely applied 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 for
the tube plates. This will have to be constructed on an external chassis. A modula-
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tor capable of 100 per cent modulationis also built 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
permit setting the frequencyto approximately plus or minus .5%. A frequency check
should be made with an external frequency meter for greater accuracy.

The following tabulation shows the frequency coverage of each channel:

Channel TA-12B TA-12C
1 300-600 kc. 300-600 ke,
2 3000-4800 3000-4800
3 4000-6400 4800-7680
4 4370-7000 7680-12000

The switch (S2) of the power unit should be thrown to the off position, and AC
applied to the power unit by closing switches S1and 85. After a minute or so warm
up period, S2 should be thrown on, applying plate voltage to the tubes. (Note: when
using CW, switch 83 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 (S104, 105 and 106) to the OUT position, These switches are on
the same mounting board as the Channel 1 loading switches. (2) Set the plate
capacitor switches (S109, 108, 107) to the OUT position. These are accessible when
the transmitter is removed from its case. Set the output loading coil of the desired
channel 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 J103. 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-
sary to connect the fixed plate capacitor in parallel with the variable by means of
the switch (S109, 108, 107) on the rear plate of the coil and capacitor assembly.
It may also be necessary to connect the antenna series capacitor in the circuit by
means of S104, 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 7.

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-12B Transmitter

TA-12B Bottom View After Conversion

FIG. 8

90




CONVERTING THE AN/ART-13 OR (ATC) AIRCRAFT TRANSMITTER

The Collins ART-13 Autotune Transmitter and its Naval counterpart, the 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 beautifully versatile rig cover-
ing all the amateur bands between 2000 and 18,100 kc. By simple conversion the
10-meter band may be added. Provision is made in the design for addition of a
unit to cover the range of 200 to 1500 kc. But, as this range is useless for amateur
operation, the space allowed for this section may be used for the addition of a 10-
meter stage.

Phone or CW may be used with about 200 watts input to the final. Monitoring
circuits are built into the set for both. CW speeds up to 25 WPM are possible.
However, if higher keying speeds are desired it is suggested that block-grid keying
of the final amplifier be used.

Probably the most noted characteristic of this transmitter is the autotune mech-
anism which allows 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
position by means of a separate control box, allowing the transmitter to be installed
in a basement or garage and yet operated from within the house. In addition, a fre-
quency-meler type VFO is incorporated. A crystal calibrator is included to check
the calibration of the VFO.

The transmitter is only slightly larger than the standard communications re-
ceiver and weighs just 70 lbs. It is of rugged construction and looks well enough
to be placed in the most particular ham shacks. It is housed in a black wrinkled
aluminum cabinet 23-5/8 inches wide by 16 inches deep and 11-3/8 inches high.
Provision is made for use with a shock-mount base,

The tube complement is as follows:

1 - 837 electron coupled oscillator

- 1625 (12 volt 807) doubler, tripler or quadrupler, depending upon frequency
desired

1 - 1625 tripler

1 - 813 power amplifier

1 - 128]J7 speech amplifier

1

2

—

- 6V6 driver
- 811 modulators
1 - 6V6 sidetone audio amplifier
1/2 - 12SL7-GT calibration-crystal oscillator
1/2 - 12SL7-GT frequency tripler
1/2 - 12S8L7-GT calibration detector
1/2 - 12SL7-GT tone oscillator
1 - 128AT mixer (in frequency divider)

(a) AC Power Supply for the Equipment:

The main problemin converting this transmitter is in constructing a power sup-
ply so that the equipment may be operated from the standard 115-volt a-c line. In
fact, if operation on the 28 Mc. band is not required, the construction of the power
supply is all that is required before placing the transmitter on the air. On the basis
of the conversion of a number of these excellent transmitters it has been concluded
that the most satisfactory method of constructing the power supply is that method
which requires no modification or extensive disassembly of the transmitter,

To meetthe above requirement it is necessary that the power supply furnish the
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following voltages and currents:

27 volts d.c, at 10 amperes
400 volts d.c. at 225 ma.
1250 volts d.c. at 250 ma.

The 27-volt d-c power supply lights all filaments and heaters and the pilot lamp,
powers all relays, and operatesthe autotune mechanism. The 400-volt power supply
runs the v.f.0., exciter, crystal calibrator, speech amplifier, and in addition supplies
screen voltage to the 813 final amplifier. The 1250-volt power supply provides plate
voltage for the 813 when operating on ¢,w., and in addition supplies plate voltage to
the 811 modulators when operating on phone.

Figure 1 shows a complete power supply for the transmitter, A bridge selenium
rectifier is used for the 27-volt supply, while mercury-vapor rectifiers 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" position.
The lead to terminal 7 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 line,
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 will be in operation at all times when the "VOICE -
CW-MCW'" switch is in either the "CW'" or "MCW" position, although the "MCW" posi-
tion of course will not be used. For this reason S 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 Multiplier:

The upper frequency limit 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 oscillator. A metal shelf or subchassis is in-
stalled in this space. A power plug which carries all 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-
plished by decreasing or increasing spacing between the coil 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. Coil data for a tripler stage is given
in Fig. 3.

A 10-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 10-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 10-meter circuit diagram Fig. 3. In these units it is advisable
to remove the low frequency RF choke L-109, and move C-128 (.002) into the for-
mer position 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 load-
coil terminal if a lead is run from the load cowu terminal to a tap on the 10-meter
tank.

To switch from 10-meter cneration to any one of the other frequencies, two
methods may be used. The first 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 near the
grid of the 813 and wired according to Fig. 3. Both methods merely break the lead
from the multiplier stage plate to the 813 grid and connect either the 10-meter
multiplier section or the normal HF oscillator to the 813.

For 10-meter tuning, the transmitter controls "A" and "B" are tuned in the nor-
mal fashion to 1/3 of the required 10-meter frequency. Controls "D" and "E" are
not important but control '"C" should be placed on position 7 to close the internal
switch in series with the key and to short out the HF pi-network coil.

After switching to 10-meter operation, turn on the transmitter and tune the
tripler 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 transmitter tuned normally.
The knob positions are noted and turned CCW 1/4 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-controlled calibration oscillator provides an accurate
(within .01%) 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 calibration 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 controlling 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 always be relied upon and
a simple absorption-type wavemeter will come in very handy when in doubt. Also,
MCW operation is legal only on the 11-meter band.

(f) Microphone Data:

93



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 readily
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 it is desired to use a high-impedance dynamic mike or crystal mike, a speech
amplifier stage will have to be built into the space occupied by T-201 and associated
parts. This stage may be a 6J5 used in the conventional manner.*

(g) Cooling:

Due to the unusual compactness, this transmitter will operate quite warm. In
the event that better cooling 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,
it doesn't 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.

Full-scale meter readings on the ART-13 are:

Position: Full Scale Reading:

Battery Voltage 54 volts (28 volts in marked position)
PA Grid 17 ma.

PA Plate 320 ma.

Tuning should always be done in the CW position so that meter readings obtained
will not include the current drawn by 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
1II.
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SIMPLIFIED COIL WINDING DATA

It is frequently necessary to wind new coils in the conversion of surplus equip-
ment as well as in the construction of standard communications items. These coil-
winding charts were devised as an assistance to those persons who occasionally do
have need to wind a coil of relatively standard dimensions. The curves are plotted
in terms ofthe major amateur bands and in conjunction with the resonant capacitance
which will give a moderate value of Q under average operating conditions.

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 stray cir-
cuit and tube capacitances which exist in the circuit, The curve "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 available a radio equipment, appropriately small
and light weight, that is readily adaptable to light aircraft installation, Modification
problems 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 with the operation and servicing of aircraft,
any installation of radio equipment must be subject to CAA inspection and thence
operated only by personnel properly licensed by the FCC.

(a) Description:

The AVT-112A transmitter, specifically designed for light-aircraft use, pro-
vides reliable radio-telephone and CW transmission over moderate distances on any
frequency within the band of 2500 to 6500 ke, It is a crystal-controlled unit capable
of delivering 6 to 7 watts of RF power to the antenna., The AVT-112 is 5-3/8" high,
6-1/4" wide, 4-7/8" deep, and weighs 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 the installation,

Six tubes are employed in the transmitter as follows:

6V6  Pierce crystal oscillator
6V6  Power amplifier

(2) 6V6's Modulator (push-pull)
6AF6 Dual type, tuning indicator
6SL7 Tuning Indicator amplifier

The crystal oscillator circuit is of the untuned Pierce type which does not re-
quire tuning adjustment regardless of the crystal frequency used., For convenience
and quick change of crystals, the crystal holder is located on the front panel of the
transmitter. The holder is designed to accomodate the following types of crystals:
AVA-10, AVA-53, MI-8412, VC-2, and Signal Corps type FT-243,

A single-ended 8V6 stage is used as the power amplifier and is modulated by a
pair of 6V6's operating push-pull. The modulator grids are driven directly by a
carbon microphone through a mike-to-grid transformer. Excitation for the micro-
phone is obtained from a tap on the 6V6's common cathode resistor.

Tuning adjustment of the PA and antenna loading is accomplished by the use of
the dual electron eye indicator on the front panel. Its two sectors indicate the rela-
tive PA cathode current, antenna current, and modulation level. No other metering
is required for tuninz adjustments, However, actual PA plate current may be de-
termined from a meter plugged into the jack located on the back of the transmitter
unit.

In addition to the antenna loading and antenna coupling controls, a loading
selector switch provides the required loading adjustments to match most conven-
tional type antennas including the fixed "V" and the trailing wire type. The antenna
circuit is also provided with an antenna switching relay which permits 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 into op-
eration by the fourth position of the antenna selector switch, When in this position,
the radio portion of the transmitter is completely disabled. All connections to the
transmitter, with the exception of the microphone, are made from the rear of the
unit.
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(b) Adjustment and Operation of the AVT-112:

After installation with an appropriate power supply, the desired crystal installed,
and the microphone plugged in, the transmitter is ready for initial operation adjust-
ments, Approximately 30 seconds warm-up time for the filaments 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, low and medium freq.)
Position 3 (fixed antenna, medium and high freq.)

(2a) Adjust length of trailing antenna for 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 antenna adjustments:

Frequency Approx, Total Length
3000 75 feet
4000 55 "
5000 45 "
6000 40 "

(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 of antenna coupling from its origi-
nal setting (dial reading, 30).

Upon loading the transmitter, normal increase in PA current, as indicated by the
widening shadow angle onthe lower sector of the 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 will re-
sult in a decrease of antenna current.

Modulation is indicated by variation in shadow angles of both sectors of the tun~
ing indicator, Modulation of 100% 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)
@)

®)

(4)

(5)

Radio Transmitter, AVT-112A (described above).

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 7-1/16" x 7" x 7-5/16" and weighs 10-1/4 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 very satisfactorily is the BD-87 12-volt dynamotor.

Radio Receiver:

The receiver AVR-20, originally used with the AVT-112 and associated e-
quipment is not readily usable for civilian aircraft due to its frequency range
(2300 to 6700 ke.). Even though this receiver can be modified, it 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 6K6's for the original 25L.6'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,

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.

Aircraft Generator:

In order to maintain the charge of the small aircraft type battery, the gener-
ator is necessary equipment for a satisfactory radio installation. Aircraft not
adaptable for engine-driven generators generally employ the wind-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.
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SCHEMATIC WIRING DIAGRAM
BEACON RECEIVER BC-1206-A

Tube Compliment & Functions:

6K7 - RF Amplifier
6SA7T - 1st Det, & Osc.
6SK7 - IF Amplifier
6SQ7 - 2nd Det, & 1st Audio
2 ea 25L6 - Audio Output

200 to 400 Kc
142.5 K¢

Frequency Range:
IF Frequency:

Receiver Sensitivity: Approx. 5
microvolts for 10 mw power
output with 4:1 signal/noise
power ratio,

Output Imipedance: 300 ohms and
4000 ohms (switched internal)

Power Output: 150 mw (approx.)

Volume Control: RF gain control

Power Requirements: 28 volts dc
at 1.0 Amps.

Overall Dimensions: 4-7/16" x
4-1/2" x 7-9/32"

Weight: 3 lbs & 12 oz,
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A 9-WATT UTILITY AMPLIFIER FROM THE
AM-26/AIC INTERPHONE AMPLIFIER

The inexpensive, compact, AM-26/AIC Interphone Amplifier which originally
served as an inter-communication unit in the larger aircraft, can be converted into
a satisfactory audio amplifier. This conversion, which can be made at a very rea-
sonable cost, results in a 9-watt amplifier with sufficient gain to operate from the
average crystal phono pick-up. The amplifier is capable of driving a 10 or 12 inch
PM speaker.

The AM-26 is physically 9-1/2" long x 5-1/4" wide x 5" high. In its existing
form, this amplifier is of low gain with the typical 300-ohm input impedance and
30/300 ohm output impedance. It 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) 12]5 Voltage Amplifier
(1) 12]5 Phase Inverter
(2) 12A6's Push-Pull Power Amplifiers (output)

Before modification of the amplifier circuit, the following parts, which are not
used in the converted circuit, should be removed:

Input transformer 22

Output transformer 23

Connection Plug 28

Dynamotor Plug 27 (dynamotor not used)
Gain Switch 25 and associated circuit
Hash Filter Chokes 26-1 and 26-2

Hash Filter Condensers 19-1, 19-2, and 14
Resistors 1, 2, and 3

Switch 24

Condenser 15

Conversion Procedure:

In order to use the existing tubes, the heaters are rewired in parallel, This re-
quires a few changes in the existing circuit and the use of both transformer low-
voltage windings (5.0 and 6.3 v.) connected in series as shown in Fig., 2, Polarity
must be observedin order to obtain additive voltage of 11.5 volts. It should be noted
that the rectifier, 6X5, operates fromthe 6.3-volt section of the series windings with
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.

After the previously mentioned components have beenremoved, the power supply
is constructed as shown in Fig. 2. The rectifier, 6X5, socket is mounted in the
former C-14 position while the power transformer and filter choke are mounted in
the space formerly occupied by the dynamotor, DM-32.

The second section of the filter utilizes the existing electrolytic filter conden-
sers, 18-1 and 18-2. These are purposely used in the second section due to their
lower voltage rating (10 mfd. at 350 volts each).

In order to give the amplifier higher gain, a 12SQ7 is used in place of the voltage
amplifier stage, 12]J5 (20-1). This necessitates the new associated circuit as shown
in Fig. 2. The volume control is located in the grid of the 128Q7 and replaces the
former input transformer.

With slight modification, the phase inverter is changed to the self-balancing
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type utilizing the existing resistors, (47K) 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 being those
pertaining to resistor 9-1 which is connected into the cathode circuit of the 12]5
(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 coil 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 12SQ7, 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 mifd.

It should be noted that the original feedback circuit, condenser 16-3 and R-6 and
R-7, 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 tie 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. It may be used as a phono amplifier, inter-com amplifier,
modulator for low-power transmitters, and so forth. This unitis capable ofdeliver-
ing 9 watts at less than 5 per cent distortion; distortion of course becomes 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-221,* Similarly, it has many successive models designated by a number suffix
(LM-1, LM-2, etc.). The general characteristics of all models are identical. Later
models have minor improvements and changes as indicated inthe comparison chart,
Fig. 1.

(a) Description

The primary component ofthe LM Frequency Indicating Equipment is the heter-
odyne frequency meter (C-74028, Navy component designation). Physical dimen-
sions of this unit are approximately 8-1/2"x 8" x 8-1/2" with its weight being about
11-1/2 pounds, Other components necessary for operation of the heterodyne fre-
quency meter are the calibration book, low 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 calibration oscillator (1000 kc.), a manually-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 of its 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 such as barometric pressure, humidity,
vibration, shock or mounting position. The temperature coefficient of the crystal
unit is less than 0.0001 per cent variation 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 250ke., and 2000
to 4000 ke, 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 components used in conjunction with the tuning condenser. The
temperature coefficient of the VFO is less than 0.003 per cent of the frequency per
degree Centrigrade over an ambient range of 97 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), and the 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

Freq. Measuring | Het. Osc. Freg. Operating Mechanical
Model Usit Type Range—Kecs. Voltage Design Remarks
LM None 195-400 12/14
2000-4000 200/260
LM-1 None 195-400 External Same as LM
2000-4000 battery supply
LM-2 None 195-400 12/14 General minor im- Voltage regulator
2000-4000 200/260—260/475 provements throughout circuit added
LM-3 None 195-400 External Same as LM-2
2000-4000 battery supply
LM-4 None 195-400 12/14 Same as IM-2 Symbol designations
2000-4000 200/260—260/475 reassigned
LM-4a None 195-400 24/28 Same as LM-4
2000-4000 200/260—260/475
LM-3 None 195-400 12/14 Same as LM-4
2000-4000 200/260—260/475
LM-6 CRR-74023 195-400 Rectifier Power Same as LM-4
2000-4000 Unit Type CRR-20104
LM-7 CRR-74024 195-400 12/14—24/28 Redesigned shockmount
2000-4000 200/260—260/475 base and capacitor and
drive assembly
LM-8 CRR-74024 195-400 Rectifier Power Unit Same as LM-7
2000-4000 Type CRR-20104
LM-9 CRR-74024 195-400 12/14—24/28 Same as LM.7 Included in Type
2000-4000 200/260—~—260/475 CRR-10086 Waterproof
Carrying Case
LM-10 CRR-74028 125-250 12/14—24/28 Minor mechanical LF Het. Osc. fund.
2000-4000 200/260—260/475 revisions freq. range changed
LM-11 CRR-74028 125-250 Rectifier Power unit Same as LM-10
2000-4000 Type CRR-20104 or
Rectifier Power Unit
Type CRR-20104A
LM-12 CRR-74028 125-250 12/14—24/28 Same as IM-10 Included in Type
2000-4000 200/260—260/475 CRR-10086 Water-
proof Carrying Case
LM-13 CRR-74028 125-250 Self contained Same as LM-10 Mounted in Type
2000-4000 batteries CRR-10111 Carrying
Case with batteries
LM-14 CKB-74028 125-250 12/14—24728 Same as LM-10
2000-4000 200/260—260/475
LM-13 CKB-.74028 123-250 Rectifier Power Unit Same as LM-10
2000-4000 Type CKB-20104A
LM-16 CKB-74028 125-230 12/14—24/28 Same as LM-10 Included in Type
2000-4000 200/260—260/475 CKB-10086 Waterproof
Carrying Case
IM-17 CKB-74028 125-250 Self contained Same as LM-10 Mounted in Type
2000-4000 Bacteries less shock mount CKB-10111 Carrying
base Case with batteries
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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 VFO,

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 headphones; 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 switching the AF ampli-
fier circuit tothe "Modulation On" position. Under this condition the audio amplifier
becomes an audio oscillator capable of modulating the VFO about 40 per ~ent.

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: low range, 200 to 260 volts; and high
range, 260 to 475 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.

ANT.

VFEO. DETECTOR AF AmPLiFIER —>§

g 2
X7ar. Osc. /g

(b) Operation:

Before attempting accurate frequency measurements with the LM Freguency
Meter, the heaters should be allowed a minimum 10-minute warm-up period. In
order to utilize the VFO dial readings (not calibrated in frequency), the calibration
book which specifically accompanies the instrument must be used. From this book
the calibration point for the VFO may be determined in the range 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 allowing a sufficient warm-up period, and switching on the plate voltage,
the VFO is carefully calibrated to the designated check point by adjusting the "Cor-
rector''dial for "zero-beat" as head inthe headphones. The Modulation switch must be
in the "OFF" position for this adjustment.
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Having calibrated the VFO, as described above, the frequency meter is ready
for frequency indication. It should be noted that prolonged intervals between the
VFO calibration and frequency measurement should be avoided to eliminate the pos-
sibility of frequency drift in the VFO.

In measuring the irequency of a local RF source (transmitter), it 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 listening 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 referring to the calibration 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 adjusting the
transmitter to the desired frequency.

In adjusting a receiver to a desired frequency, or checking its dial calibration,
the VFO of the frequency meter is used to radiate a signal from a short antenna
lead. Loose coupling to the receiver concerned is generally adequate. After setting
the calibrated 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 oscillator. Receiver alignment 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" it 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, and better
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 characteristic between the heterodyne oscillator and the RF source
to which it may be coupled. Even though the headphones become rapidly inefficient
in reproducing beat tones below 100 cps, characteristic audible "rushes", which co-
incide with the beat frequency, are recognizable well below the low frequency limit
of audibility.

In some models of the LM Frequency Meter, the crystal oscillator is provided
with a trimmer capacitor across the crystal. By this adjustment, the crystal fre-
quency may be calibrated against WWV,

(d) Addition of An AC Power Supply:

The nominal power requirements for the Model LM series Frequency Meter are,
12 volts at 0.6 amperes (filament supply) and 250 volts at 20 ma. (plate supply). An
AC power supply tosatisfy these requirements is shown in Fig. 4. It 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 J-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.

118




NOILIINNOD ON G4

X08 NOILONAP TG
IHL 40 9L MO ¥4 1374N0 OL O3ILDINNOD SI I18YD
ML NIHM 'SININGINDI SIIHIS NY¥ HO SIIMIS NH/49 € XOH NOILONNE M1 40 92
N3IN9 9 131100 01 GIIOANNDD S1 4 1YY IHL NIHA
[ "] S-O4V/0Z XN H3LdVAY 'SININGING T S IIMIS 08 HO SINIE NM/AD 2
HIMOd HLIM QIJdINDI §-O¥W/ 52-¥ HIAIIIIY S-OHVYNY z SININGING 3
" SI-WY U MY T8 W) 9 MY 40 JHYd
9§029-  ¥31dVAV 137100 ax ¥ \ Y SV OIHSINYNG ATddNS HIMOd D v 1
LEE L AYVITIXOY HLIM G3ddIND3 G196~ ¥IAIIDIY VHV ' N\ Q380 34V
a3sn 3¥V $30¥N0S / $308N0S YIMOJ ONIMO 1104 N IHm
HIMOd ONIMOTI03 NIHM LININIONVNEY 378VD INZWIONVHYY 378VD
¥vie 8 ¥vie 8 g2
3009 40109

3002 #0109 / 102 - M PNy
s

318Y0  ¥3MOd  Q3QTAINS ///

119

ukOH

NO
NoiLy Ina0M

202-9
O 20
— *D
pOIX §O1X vao mJ_/AW
€oi-d i I NO €015
' VIV
092-002 z ERTIRY AIM0d 3iv4 2
s110A ) SL70A
5L¥-292 S S Sdiain I | 7o
' ) doi1-0 YONn-)  DoI> A&A - -
po = - °
T T v o W
# 5 *
+ o
S
w
2 ]
i 3 =
W w
torr X
e +
» 2 2T A
S O N
o > AL S K |§
- “ - N
“ n M z N
. : 3 3
€ ¢ > by
1014 « N
! 2
™ - —_—
@ T !
9L 3401 s === LD gNve ©3Ns
€oI-X  §0I-A @ >
2 o LL3das
* ox ] 101A .
1




45 -
NEV e
(orvg) -g
HWASH
YWSI =T 204 & ASNray 3ILON A J
(e1nn 33moc NC) dWE'T LO7/S
_ @ g#vioi-s
. e ] N
SALH QL N5 w .\_\Qh
) = ‘_.L# ] 79 w
06-aA 3 l_ll
05 1-IN 5% T+ wl_dﬁ

FILIYY ADNINOITS NT FHL 304 A1ddNS 3IMOT I b7

120



g "81d (posoway 1240D) WALIW AONINOINI WTI

121




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. It 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. It
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 Reel 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, butit will runon 24 volts 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 and a bathtub condenser 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 shaft 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. All wires
to the plug should be clipped off close, 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 out the 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 shaft 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 and 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.

122




Before assembling the unit, it willbe necessary to replace the present electrical
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 of 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, If a heavier beam
is used, it will be necessary to obtain a surplus gun-mount mechanism to increase
the torque and correspondingly lower the speed of rotation. This unitis described
in the following section.

See photos at end of this article for the appearance of the unit. Fig, 1 is a typi-
cal installation,

K7 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
machine guns, This gun consists ofa fairly large gear box aboutthe size of a gallon
paint can, on top of 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-42B, described in the preceeding paragraphs. The
antenna reel has sufficient power to turn the gun mount when coupled through a
flexible shaft even when 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 K7 gun mount. Before placing it
in operation, the mounting plate and gear box cover should be removed and the top
gear compartment filled with transmission grease (about SAE-90), This will 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 op-
erating on the same principle. But most of them are quite expensive. The type
2J1F3 is one of the smaller Selsyns and it is economical for use as a remote indica-
tor., These units are about 4-1/2 inches long and approximately 2-1'4 inches in
diameter, They will operate from 24 volts AC and thus work very well in conjunc-
tion with the Antenna Reel described previously. A pair of the units is necessary,
of course, for the indication system. One is geared to the beam itself and the other
is at the operating position with a compass card attached for indicating 0 to 360 de-
grees. The only problem involved in the use of the Selsyns is that of obtaining the
correct gear ratio at the indicator end, so that the beam and indicator are rotating
at the same speed. This is a mechanical problem and will vary with the type of
beam rotators used; however, some of the surplus dial mechanisms as used in 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 all 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 used on 400 cycles. How-
ever, by the simple addition of a phasing condenser, (12-20 mid,, 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 5" x 4" 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 directly from
the motor shaft,

To place the motor in operation, remove the elastic stop nut and lever arm, re-
move the three screws and top cover plate, being careful to save the gasket and slip
off the plate containing the two wiper arms (this plate merely served 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 Fig. 3 and allowed to
rotate until the wiper arms are in the center position where they can be slipped off,
The gear of the wiper arm assembly can be used on the end of a length of thins
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 damage the gear
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 end of the motor op-
posite the rotating gears, as the motor and gears are sealed in oil. A drain plug is
provided on the side of the motor case for draining and filling as required,

Connect the motor through a condenser and switch as per Fig. 3 and the unit is
ready for operation. It can easily be mounted by means of the four 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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Just like O Man River surplus equipment keeps rolling along. The
supply waxes 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 turning out tons of surplus
equipment each day which will be sold to hams and others at bargain
prices!

Modifying 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. Many 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 wisely 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 your conversions always work!

Special thanks are due the Arrow Sales Company, North Hollywood,

California for the use of several difficult-to-locate schematics.
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The “Command’’ Sets

The “Command” Sets are probably the most popu-
lar pieces of radio equipment on the surplus market.
Designed in 1938, they were produced in prodigious
quantities for over a decade for the Army, the Navy,
and the Air Force. The various items of equipment
that make up a complete set form a multi-channel ra-
dio transmitting and receiving package for use on
airplanes equipped with a 24 volt d.c. power source.
The equipment is designed to transmit and receive
voice, tone modulated, or continuous wave signals.
Included in the equipment are various receivers, trans-
mitters, modulators, and auxiliary items, tabulated in
tigure 1.

The basic circuit for all Command transmitters is
shown in figure 2. A master oscillator excites a pair
of beam power amplifier tubes connected in parallel.
The master oscillator and power amplifier tuning ca-
pacitors are ganged for simplification of controls A
quartz crystal resonator (Y-30) is supplied with each
transmitter for use with a “magic eve” tube to check
frequency calibration at one spot on the dial. The
crystal does not control transmitter frequency. Con-
tinuously variable coupling between the power am-
plifer tank circuit and the antenna circuit is achieved
by a rotary loading coil (L-32) and a rotary link coil
in the amplifier tank circuit.

The basic circuit for the Command receivers is
shown in figure 3. All receivers are one-band super-
heterodynes, and except for L-C elements forming the
rf. and if. tuned circuits, they are essentially alike
electrically and physically. Each receiver employs six
metal 12 volt tubes.

All Command equipment is designed to mount in
racks which make electrical interconnections via built-
in plugs. In general, the racks for one series of equip-
ment are not interchangeable with racks of other se-
ries, as the plug sizes and pin connections differ for
the different branches of the Armed Forces. The use
of the racks is not necessary, however, for amateur
service.

The following information concerns the adaptation
of the Command equipment for amateur use. Addi-
tional conversion information for this popular equip-
ment is given in Volumes I and II of this surplus con-
version series. The material included herewith is new,
and does not duplicate material given in the previous
manuals.

Converting the Command Receiver
to Six Meters

Technicians and v.h.f. operators are interested in
a method of converting the Command receivers for
v.h.f. operation. The conversion involves constructing
a power supply, rewinding the receiver coils, and re-
placing a tube. This conversion may be done with any
receiver, but the use of the 3—6 Mc. receiver is recom-
mended as the if. bandwidth is about optimum for
general usage.

Remove the top covers and the bottom plate, sav-
ing the screws. Clean off the rear area of the receiver
where the dynamotor was mounted and wire in the
power supply shown in figure 4. Note that the two
filament windings of the transformer must be correct-
ly phased to produce 11.6 volts, a.c. The 12 volt tubes
operate perfectly at this voltage. Make sure the re-
ceiver works on a.c. before you start the rest of this
conversion,

Now, remove the coils by taking out the screws on
each side of the receiver case that hold the assembly.
Lift out the triple coil can and remove the 12 screws
holding the coils in the cans. Remove the coils from
the base and clean the terminals. Discard the original
coils. Wind the self-supporting coils shown in figure
5. Reassemble the coils in the shields and replace the
unit in the receiver.

Next, remove the 12SK7 rf. tube (immediately
behind the tunine capacitor) and replace it with a
WE-TITA, available at any large surplus store. (This
tube is an octal based 6AK5, and has the same pin
connections as the 12SK7). Rewire the “hot” filament
pin to the six volt winding of the filament transformer.
as shown in ficure 4

Inject a 50 Moo ~iunal into the receiver. holding the
signal fevel down to prevent receiver overload. Adjust
the oscillator padding capacitor  C-4F. atop the tun-
ing capacitor® until the 50 Me. signal appears at 5.7

"COMMAND” TRANSMITTERS

e e -
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Figure 1
CHART OF VARIOUS MODELS OF
"COMMAND" TRANSMITTERS
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CONTROL BOX (ATA-TYPE PLUGS).
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WIRING DIAGRAM AND PARTS PLACEMENT, “COMMAND"
TRANSMITTER.




CONNECTIONS ON T-53

70 HIsH S10E L,
REAR VIEW OF C-60

S Al re——

1
SET LOTORS 70 ENGAGE

STATORS AS FOLLOWS,
2./ =3 MC TRANS. 4/°
I 4 MC TRANS. 72 /4
+=3.3 MC TRANS.

S3- 7 MC TRANS, e/ /2
7 =91 MC TRANS. 95 /2°
: %
2./-3 MC TRANS. 7988 2/-3 MCTRANS. 799/ A
' 3-4 MC TRANS. 6029 F-4 MCTRANS. 7247 A
' 4-53MC 7RANS, 6030 £-8.3 MC TRANS. 7248 ]
5.3-7 MC TRANS. 6031 S3-7 MC 7LANS. 7249 S
7-9/ MC TRANS. 6032 7~ 9./ MCTRANS, 7250

2,

LEAST 706 INCH WHEN SCREWS ARE Fully

THAT 17 WL BE HELO SECURELY WV POSIT oW
T/CHTLNED.

Y OIHNER LEADS.
8. BALESS LLEADS RUNNING NEAR TEREADLEDY /MERTS

RLEO LACQUER.
B PLACE LEAD D" /N CORNER OF CHASS/IS S0

AS SHOWN.
3. SEAL ALl SOLOERED CONNECTIONS WITH

%22 SOLID COPPER ; WIRE SPLECIFICATION 3425

EXCEPT AS NOTED.
2. BARE WIRLS ARE TINNED COFPLR WITH NZES

I ALL WIRLES MARKLED WITH (OLOR NOTE ARE
IV THE CHASS/S SO TAAT SCREWS FPROUECTING

TARONEH INSLERTS WILL CLLEAR THE LE

NOTES

L-52
/-3 MC TRANS 7932
3 -4 MC TRANS 6033
4 -F3AC TRANS 6034
I 3-7MC TRANS 6035
7-81 MC TRANS 6035

Figure 2-B
WIRING DIAGRAM AND PARTS PLACEMENT, “COMMAND"’
TRANSMITTER.
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45 VIEWED ~ LME
e-23 | FRIM OUTSIDE

J-2 =

» V':Ec-/w 3
AS VIEWED i

7ee. FROM OUTSIDE

AS v/IEWED cw oSc
FROM OUTSIDE SHUT~OFF
LINE

CIRCUITS IN RF CoIL SET, IF COUPLING UNITS, CW OSCILLATOR, AND OUTPUT TRANSFORMER.
THE TERLMINAL NOMBERS ON THESE UNITS AGREE W/TH THOSE SHOWN AT THE CORRESPONDING
LOCATIONS ON THE WI/IBING D/IAGRAM.

£F COo/IL SET
SrmMBoL Z-5 /F COUPLING UNITS

Srmgol zZ-5¢C

SYmMBOL Z-/ SyrMmBoL Z-4
RF OSCILLATOR /ST 1F CWOSCIILATOR
(2830 #¢) (2830 x¢)
SYMBoL z-5B
SymBocL z-2
£F AMPLIFIER oo 15
(2830 x¢)

srm8oL -/
OUTPUT TRANSFORMER

SrmBoL z-3
3#0./F
(2830 xc)

Sri1BotL Z-5A4
RF ANTENNA

Figure 3-A
SCHEMATIC, “COMMAND’ RECEIVER (ATA-TYPE PLUGS).
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IQ‘WA CITANCES INDUCTANCES | RESISTANCES
SYMBOL DESCRIPTION | SYMBOL [DESCRIPTION | SYMBoL | OwmMs
c-/ T asmmF ¢ ANT INPUT &/ | 620
c-2 15 MME L-2,1-3 | RF AMP 22 | 2000000
c-3 i 100 MMF 8,15 | RFOSC &3 | 51000
C-4(ANG) CANG (62 MMF)| L-6,L-7 | IN ISTIF #-e | 620
c-5 ImrFo L-8,0-9 | In2neiF #-5 | 750000
C-6(A8CH 03{03).0SMFD | L-10,L-11 | 1N 3RO IF -6 | /50,000
C-7(4,8¢)| 05/08/05MrFOl L-12.4-13 | Cw 08¢C -7 200
-8 200 MMF 14 RF CHOKE, 28 | 200
c-9 qomMmF /12 MicRo- 2-9 620
c-/0 24OMMF HENRIES £-/0 360,000
[<¥7 IMMF L8 AF CHOKE -1l /00,000
c-r2 180 MMF IHENRIES £-12 | 510
c-/3 17 MMF £-13 | 200
1% /80 MMF £-14 | /00,000
C-15(4,8,C] .05/05/05 MFO R-18 | 5100
CH6UBC)| .22/22/22 MFD R-16 | 54000
c-17 180 MMF #-17 | 81000
c-18 17MMF R-18 | 510,000
c-19 180 MMF R-19 | 100,000
c-200,6¢)| .05l0/o5 MFO R-20 | 2,000,000
c-2t 11mMMF R-21 | 1500
c-zz 180 MMF R-22 | 7000
¢-23 180 MMF £-23 | 7000
c-24 200 MMF
c-25 .00/ MFD
c-26 109 MMmF
c-27 180 MMF
c-28 3gMmmE
c-29 006 MFO
¢-30 15 MFO
c-a/ 001 MFD
c-32 SMFO
&-33 W/EING CAP-
ACITANCE (LESs
THAN 2MMF)

TUBE SOCKET TERMINALS
AS VIEWED FROM BOTTOM

125K 7 12K8

TOP CAP
-7 G ewax;

TUBE TERMINAL CODE

Gs: SCREEN GRID

Gscwex)=SCREEN GRID, HEXODE SECTION
Go(030)2 CONTROL GRID, 0SC SECT/ION
P:PLATE

PCHEX) = PLATE, HEX ODE SECTION

Opa= SECOND DIODE PLATE Poloscis PLATE, OSC. SECTION

S:SHELL

H= HEATER

KX =CATHODE
Su=SUPPRESSOR GR/ID
Dpr = FIRST D/ICODE PLATE

G=CONTROL GRID G (#EX) 2 CONTROL GRID, HEXODE SECTION

Figure 3-A (continued)

Mc. on the tuning dial. Retune the signal generator
to 54 Mc. This should appear at 6 Mc. 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 may
be varied by juggling the oscillator padding capacitor
C-9 and the auxiliary 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

and the new calibration marks placed on the surface
with India ink,

A suitable “control panel” for the front of the re-
ceiver is shown in figure 6. Remove the auxiliary plug
at the bottom of the front panel, knock off the knob
and use the panel as a mount for the components.

Make a Novice Receiver for
40 and 80 Meters from
the 3—6 Mc. Command Receiver!

The 3—6 Mc. Command receiver “just misses” the
7 Mc. Novice amateur band. An excellent and easy-to-
perform conversion of this receiver will permit it to
cover both Novice bands! Simply remove the coil rack
from the receiver, and remove the coils from the cans.
Mark the coils so you can distinguish between them.
With a pair of “needle-nose” pliers pull out the micarta
clip that secures the powdered iron slugs within the
coils. Remove the three slugs and discard 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 signal generator, set the 6 Mc. dial mark-
ing to a generator frequency of 7.4 Mc. by adjusting
the high frequency oscillator padder (C-4G). Next,
set the 3 Mec. dial marking to a generator frequency
of 3.4 Mc. Go back to 7.4 Mc. and recheck this point.
Re-set C4-G slightly, if necessary. Peak up the mixer
trimmer, and the antenna trimmer. The receiver will
now tune the range of 3.4 Mc. to 7.4 Mc,, covering
both the 80 meter and the 40 meter Novice bands.

A Plug-in Power Supply for Your
Command 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 very difficult to adapt a receiver con-
verted in such a manner for mobile operation. De-
scribed herewith is a plug-in power unit that fits in
the dynamotor space of the receiver. The supply can
be easily removed and a converted dynamotor used
for mobile operation.

First, wire all filaments in parallel for 12 volt oper-
ation. Locate a Command receiver dynamotor (DY-8,
or DY-2A/ARR-2) and remove the base mounting
plate. Discard the dynamotor. Remove everything
from the base plate, including the sliding clips, but
retain the three pin connector. Mount the new power
transformer, rectifier tube, socket, and filter capacitor
as shown in figure 7A. Note that the capacitor and
rectifier tube socket are mounted on %” metal spacers.
The transformer is mounted on X" metal spacers so
that the leads will 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 and the 6-32
screws that secure the power transformer. The line
cord is held in place with a cable clamp secured under
one of the transformer mounting bolts. A switch may
be placed in the line cord.
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WIRING ABOVE TUBE OFCx

sawe "y
ALIENING
C-¢£ convensze C 40

C-46 Cé4F

c-/

8.5 arasr

KEEP LEAD PARALLEE TD
£OCE OF GANS CONDENSER

OVER THIS LENGTAH.

Yaz ceeamancs

NOTES:
L ALL WIRES MARKED WITH COLOR NOTL ARE 22 5000
COPPER, WIRE SPECIICATION #3425 EXCEFT A5 MOTED.
2. BARE WIRES ARE TINNED COPPER WiTH SIZES A4S SHOWN.
O SLAL ALL SOLDERED CONNECTIONS WiTH RED LACGUER.
4 TERMINAL NUMBERS SHOWN ARE FoOR SOENTIFICATION

PURPOSES. JTHEV DO NOT APPLAR ON yME EQUIPMENT

EXCEPT ON TUBE SOCKETS AND 0ursUT TRANSFORMER.

6558
c-a
“aroG)

ENO VIEW OF
GANG CONOENSER

Figure 3-B (continued)

The schematic of the supply is shown in figure 7B,
and a photo of a typical supply, installed in a receiver
is shown in figure 8.

A Twelve Volt Command Dynamotor

for Mobile Service

It is often desirable to employ a Command receiver
for mobile or Field day operation. When using the
a.c. power pack described in the previous section, the
receiver may be easily powered with a 12-volt dyna-
motor. Although 12-volt dynamotors for Command
receivers have occasionally appeared on the surplus
market, they are not generally available. The DM-34D
(part of the BC-603 equipment) is quite common,
however, and is the same physical size as a Command
set dynamotor, delivering 220 volts at 80 ma., with
a primary drain of 12—14 volts at 2.8 amperes. It may
be used with the Command receiver with a simple
conversion.

Obtain a 28-volt Command receiver dynamotor.
Remove the mounting base, complete with sliding
latches, socket, and ground lug. Discard the dynamo-
tor. Now, cut the DM-34 mounting brackets to

2-9/16" so that the brackets will just fit inside the up-
turned flanges of the Command dynamotor base. Drill
a small hole in each DM-34 bracket and a correspond-
ing hole in the base so that the dynamotor may be

STANCOR PC-68407

6§X4

ORIGINAL CHOKE
#5634

8Lk + +

EA,
zouFI
= =450V, =
Sw_BoL: VEL o v t1.6v. I?LALL OTHER
& vEL . AMENTS
B 6.3 V. TO WE-717A
6V FILAMENT
ERN.
= Ri1 O~ TO GAIN CONTROL LINE
25 SAIN (GREEN WIRE)

1nsv.y

Figure 4
A.C. POWER SUPPLY FOR COMMAND RE-
CEIVER. Power transformer delivers 235-0-
235 volts at 40 ma., 5 volts at 2 amperes, and
6.3 volts at 2 amperes. |f 6.3 volt winding has
two center-tap wires, cut them short and
solder them together, then tape.
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o
[} o o © T ) T
ng {%\’;szc‘ sec.
T 8 B
© og T° °g °
T=TOP OF COIL

B=80TTOM
ANTENNA COIL

MIXER COIL OSCILLATOR COfL

T7T.#16 ENAM, PRI -10T. %22 PLASTIC-
COVERED
SEC-8T. #16 ENAM.

PRI-3T #22 PLASTIC~

COVERED
SEC-BT #16 ENAM,
NOTES: 4LL CO/LS CLOSEWOUND, 174" DIAMETER

VIEWS LOOKING DOWN ON CO/LS
PRIMARIES WOUND OVER SECONDARIES

Figure 5
COIL DATA FOR SIX METER CONVERSION
OF "COMMAND’' RECEIVER.

1l
)

Figure 6
CONTROL PANEL CONNEC-
TIONS FOR “"COMMAND"

RECEIVER.

—ELECTROLYTIC
MOUNTING
N PLATE

GROUND LUG

TOPSIDE SHOWN TO SCALE

A - ORIGINAL HOLE - DRILL OUT
TO 1/8%

B - NOT USED IN CONVERSION
C — ADD HOLE, 1/8%

m— STANCOR PC-84017
POWER TRANSFORMER

PC-8407 6X 4
ikaw +210 V.
W
+ +
P SRRE
T
450 L
= v 11.6 V.
BLK (/ivCcan)

~_ POWER PLUG
PHASE CORRECTLY
FOR 17.6 V., THEN

SOLDER AND TAPE, B—,FIL.

A

Figure 7
A—Layout, power supply mounting plate for
Command receiver.
B—Schematic, power supply. Power trans-
former is the same as shown in figure 4.

bolted to the base. Connect the white wire having a
black tracer and also the white wire having a red tracer
to the ground lug. Connect the white wire to the
filament lug on the dynamotor base (see figure TA
for base connections ). Finally, connect the white wire
with 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
white wire with the white wire having a black tracer.
A reworked dynamotor is shown in figure 8.

Converting a Q-5'er
for Broadcast Reception

The Q-5er (BC-433) covers 190-350 kec. and is
generally used as a selective i.f. strip for communica-
tion receivers. By modifving the coils it may be made
to cover the broadcast band (550—1500 ke.) for gen-
eral broadcast reception. It also can be used with a
converter for mobile work, or it can serve as a Q-5er
for receivers such as the BC-348 which have a 713 kc.
intermediate frequency channel.

Figure 8
"COMMAND" RECEIV-
ER POWER SUPPLIES. At
left is converted DM-34
dynamotor, and at right
is the power supply of

figure 7.
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OFF
NOISE LIMITER SWITCH

GROU/?D FIL. PIN 3,
CONNECT FIL, PIN 4
TO FiL. LINE.
Figure 9
SCHEMATIC, NOISE LIMITER
FOR COMMAND RECEIVER,

The coil rack is removed and the following altera-
tions are made to the coils:
1—Remove 210 turns from the antenna coil (L-1).
2—Remove 500 turns from the mixer coil primary
(L-2).

3—Remove 220 turns from the mixer coil secondary
(grid).

4—Remove 195 turns from the oscillator coil sec-
ondary (L-3).

Do not remove any turns from oscillator coil pri-
mary (the grid winding). When completed, replace
the coil rack. The receiver will now tune the fre-
quency range of 550 ke.—1600 ke. Adjust high fre-

quency alignment with the oscillator shunt padders
(C-4E, C-4G) on the variable tuning capacitor. Track
the low frequency end of the band with the adjustable
powdered iron slug cores in the three coils, plus the
oscillator series padder (C-9) on the end of the tuning
capacitor,
A Noise Limiter for Your Command Set
Tired of automobile QRM or static on your Com-
mand set? A very simple but effective noise limiter
can be connected as shown in figures 9 and 10. A
12AL5 tube is used. The cathode of one-half of the
diode is connected to the 12A6 control grid. The grid
of the 12A6 is slightly negative, so the diode does not
conduct; however, when a noise peak arrives (or a
strong audio peak) the diode conducts and shorts the
grid circuit out to ground. The limiting action is as
good as the more complicated shunt-type limiter, but
the audio distortion is a little higher. A switch may
be incorporated to remove the limiter from the circuit
when it is not required.

Automatic Volume Control for
Your Command Set
Automatic volume control is extremely effective in
preventing distortion or overloading on strong local
signals. It is very simple to add a.v.c. to the Command
receivers. (Note: A few “ARC” series receivers have
av.c. incorporated). All the essential av.c. com-
ponents are incorporated in all receivers, but there is

Figure 10
The 12AL5 noise
limiter tube may be
placed in the under-
chassis area behind
the panel of the re-
ceiver.
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vT-131 VT-133 VT-131
125K7 128Q7 125K7

TO AUDIO
TO JUNCTION OF =
C15a4 AND R11. REMOVE R11
ORIGINAL MODIFIED

Figure 11
SCHEMATIC, AV.C. CIRCUIT FOR
“COMMAND"" RECEIVER.

no connection between them. The purpose of this
conversion is to provide a.v.c. action to the r.f. and if.
amplifier stages by completing the av.c. circuit. It
requires two additional resistors and a capacitor. Refer
to figures 11A and 11B. First, unground pin 5 of the
12SQ7 (VT-133). Connect the 100 wufd. capacitor
across pins 4 and 5 of the tube socket. Connect the
470K resistor from pin 5 to an adjacent ground lug.
Connect the second 470K resistor between pin 5 and
the junction of C-15A and R-11. Remove R-11 from
the circuit to increase the effect of the a.v.c. action.

A Built-in Speaker for Your
Command Receiver

A small speaker may be mounted in the removable
adapter plate in the front of the Command receiver.
The “speaker” is the small receiver element in standard
use in telephone handsets. It is only 1%” in diameter,
and 11/16" thick. It is available on the surplus mar-
ket, and identifiable by the letters HA-1 stamped on
the face.

A blank aluminum plate replaces the original
adapter plate. A hole is cut in the plate just large
enough to clear the HA-1 unit. A second hole is made
for the gain control, shown in figure 6.

If the b.f.o. switch is not used, placement of parts
on the new plate is not critical. However, if a b.f.o.
switch is desired it will be a tight squeeze to get the
three components together on the new adapter plate.

A single layer of “Scotch” electrical tape is wrap-
ped around the shell of the speaker to isolate it from

HA-1 SPEAKER UNIT

Figure 12
SCHEMATIC, HA-1 SPEAKER
FOR USE IN “COMMAND"

RECEIVER.

Y PART OF BC-455 (6-9.7 MC.)

) NEW I
T MIXER !
STAGE

v-3 v-a V-5 v-6 |

\25»\7}——@‘ 125K7 ] 125K7
N ‘ g

i-F SIGNAL
2830 KC.

==

- V-7

NEW OSC. STAGE - TUNE 0 25130 {E;

FROM PIN 4,
z-3

B8C-453 (790-550KC.)

TUNE TO 300 KC

Figure 13

BLOCK DIAGRAM OF DOUBLE - CONVER-
SION AMATEUR BAND RECEIVER MADE
FROM TWO “COMMAND’ RECEIVERS. BC-
455 serves as r.f. portion, and BC-453 serves

11

as "i.f. strip.”’

the chassis, and after placing the speaker in the hole
in the plate a second piece of tape is wrapped around
the body of the speaker to hold the unit from slipping
out of the hole.

Wire the positive side of the speaker directly to pin
#4 of J-1 (the front plug in the back of the adapter
plate). Mount the gain control. Wire the “hot” arm of
the control to pin #2 of J-1, and the other side of the
control to pin #1 of J-1. Finally, connect the other
side of the speaker to ground. Screw the adapter plate
to the front of the receiver, and you have a sensitive,
clean-sounding speaker, audible many feet from the
receiver. The complete wiring changes are shown in
figure 12.

A “Double Conversion” Command
Receiver for Single Sideband Reception

It is possible to combine two Command receivers
to form a double conversion receiver, well suited for
single sideband reception or selective c.w. reception.
The BC-453 (190—550 ke.) and BC-455 (6—9.1 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 (or it may be modified for other bands
as described later) and the intermediate frequency
signal of this receiver (2830 kc.) is converted to 300
ke., within the tuning range of the BC453. The com-
bination provides excellent sensitivity, selectivity, and
freedom from bothersome “image” signals.

Only a portion of the BC-455 is used. The r.f. am-
plifier, mixer, and first if. stage function in the usual
manner, and are unmodified. The second if. stage
(12SK7) V-5 is changed into a mixer, and the b.f.o.
section of the 12SR7 (V-7) is converted to a mixing
oscillator. The 12A6 audio tube is removed.
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The first step is to lower the frequency of the
12SR7 beat oscillator until it operates 300 kilocycles
below the intermediate frequency of 2830 ke. The new
frequency of oscillation is therefore 2530 ke. To effect
this change, solder a 100 ppfd. mica capacitor be-
tween the plate (pin #5) and ground (pin #1) of the
12SR7 socket. The desired frequency of 2830 kc. may
now be tuned by adjusting the b.f.o. trimming capaci-
tor C-28 on the side of the receiver. Check the fre-
quency 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 mixing oscillator.

The next step is to couple the new if. output fre-
quency of 300 ke. (2830 ke. minus 2530 ke.) into the
BC-453 which serves as the low frequency if. ampli-
fier. Remove the third if. transformer from the
BC-455 (transformer Z-3). Solder a 30K, 1-watt re-
sistor between pin #1 and pin #2 of the if. socket.
Solder a 100 wpfd. capacitor between pin #1 and
pin #4, which is used as a tie-point terminal. Finally,
cut a short length of shielded wire, long enough to
reach from pin #4 to the antenna terminal of the
BC-453. Solder the center conductor to pin #4 of if.
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-455
to 7 Mc. You can now tune in 40-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 if. bandwidth of the high
frequency receiver is broad enough to allow you 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 an example, suppose you want to tune in a sig-
nal at 7150 ke. Set the BC-453 to 300 ke. and then tune
the BC-455 to 7100 ke. Next, tune up 50 ke. on the
BC-453, and you are “on the nose” at 7150 kc. In this
way, you can read your frequency of reception to one
or two kilocycles. Always remember to set the BC-453
tuning dial to 300 ke. for general tuning with the BC-
455.

Converting the BC-455 for
20, 15, and 10 Meters

Conversion for Citizens Radio 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 only necessary to rewind these racks, and then
to use them as plug-in coils in your BC-455.

To rework a rack, the data of figure 14 may be
used. You will need to borrow another receiver or fre-
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 you 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 signal of
the high frequency oscillator in a nearby receiver.
Adjust the trimming capacitors on the oscillator sec-
tion of the tuning capacitor (C-4E, C-4G, and C-9)
until the oscillator tuning covers the desired range.
Finally, trimmers C-2, C-4D, and C-4F are adjusted
for maximum strength of received signals. The last
step is to cover the tuning dial with white enamel and
recalibrate the high frequency bands with India ink
directly on the dial face. Only one or two markings
are required for each band, as the main tuning is done
with the BC-453 dial. The 28 Mec. coil data, also ap-
plies to the 27 Mc. Citizens Radio Service.
"Hop-Up” Your Command Receiver for

Improved High Frequency Reception

It is possible to boost the gain of the Command set
and to materially improve reception on the 10, 15, and
20 meter ranges. To do this, the 12SK7 if. amplifier
tubes are replaced with 12SG7 tubes, and the 12SK7
r.f. amplifier tube is replaced with a 12SG7T. It is also
necessary to lower the cathode bias resistor R-1 on the
r.f. tube. Shunt R-1 with a 620 ohm, %-watt resistor.
In addition, bypass socket pin #5 to ground with a
0.01 wpfd. disc ceramic capacitor. To boost the gain
of the if. amplifier, shunt the screen resistor (R-22)
with a 10K, 10 watt resistor.

ANTENNA COIL MIXER COIL
BAND (L) (Ls)

OSCILLATOR COIL
(L13)

N® OF TURNS [ LENGTH |N° OF TURNS | LENGTH | N® OF TURNS | LENGTH
14 MC. " 3/84 11 3/8¥ 7172 174
21 MC, 512 174 s 14 6 1747
27 MC.
28 MC. 3 1787 5 1/8% 2172 1/8

WIND ALL CO/LS WITH N° 18 ENAM. WIRE.

NOTE: REMOVE WINDING .2 FROM ALL MIXER COILS. (PLATE WINDING
OF 125K7 R-F STAGE),
PLACE 100 UUF CAPACITOR BETWEEN PIN #1 AND PIN #4 OF
MIXER CO/L SOCKET Z-58.
PLACE 6K, I-WATT RESISTOR BETWEEN PIN#1 AND PIN #2 OF
THE SAME SOCKET.

V3
125K7
R-F

1 100 LUF 4

- IL
W
Va4
6K 12K8
MIXER

2

(SEE FIGURE 38)

Figure 14
COIL DATA FOR CONVERTING BC-455 TO
14, 21, OR 28 Mc.
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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-1 and 15K across R-22 if 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 a
10-11-15 Meter AM/FM Receiver
(Ideal for the Citizen’s Band!)

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 Mec. 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. Operated Power Supply
The purchaser of the BC-603 should try to obtain
both the 12-volt dynamotor (DM-34) and the 24-volt
dynamotor (DM-36). The 28-volt unit is of little
value, but the base makes an excellent foundation for
the a.c. power supply. Remove all components from

Figure 15

BC-603 F.M. RECEIVER MAKES HANDY 10-11-15 METER A M./F.M. RE-
CEIVER. A.c. power supply is shown mounted in dynamotor well of receiver.
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this base and discard them all, except the 18-pin
“Jones” connector. Clean all lugs on this connector
and open the eyelets. Jumper pins #3, 6, 9, 12, 15, and
18, as shown in figure 17. Also jumper pins 16 and 17.
Finally, jumper pins #1 and 2, and attach a three-inch
length of hook-up wire to pin #1. This lead is ground-
ed. Mount the new power transformer at the end of
the chassis opposite the connector as shown in figure
15. Mount the 6X4 tube socket ncar the power con-
nector and place the filter choke above the connector.
Wire as shown in figure 17. Be sure the filament wind-
ings of the power transformer are phased properly to
provide about 11.8 volts. Place the power supply atop
the receiver, and you are ready for a.c. operation of
the BC-603.

Converting the BC-603 to A.M. Reception

The BC-603 was designed for f.m. reception only.
However, some farsighted designer included an audio
choke in the cathode circuit of the 8AC7 limiter (V-6).
It was probably incorporated to facilitate sweep-align-
ment of the r.f. and if. circuits. In any event, this
choke (L-1) permits the limiter also to act as an in-
finite impedance detector for a.m. signals, and an
audio signal appears across this choke when an a.m.
signal is tuned in on the receiver. The problem, then,
is to switch the audio circuit of the BC-603 between
the f.m. detector and this choke. This conversion uses
the “intercom” switch (D-2) as an a.m./f.m. switch.

Remove the front panel of the receiver by taking
out the four screws at each corner of the cast iron
panel guard. The front panel controls will separate
from the chassis, being interconnected by J-3 and
PG-3. Locate the “intercom” switch (stamped D-2 on
the back) and remove the wire between D-2 and J-2.
Also remove the wire running from D-2 to the resistors
R-22, R-32, and R-33. (Some of these resistors are
omitted from certain receivers. They are used as vol-
ume correctors). Now, locate the blue-green wire
that runs from the audio output transformer T-1 to re-
sistors R-22, R-32, and R-33. Unsolder this wire from
the resistors and connect it to the “hot” lug of phone
jack J-1. Remove the three resistors.

Next, remove switch D-2 and replace it with a
s.p.d.t. toggle switch. Connect three pieces of short
shielded wire to the three switch terminals. Mount the
switch and ground the shield braids to the panel. On
the main chassis, locate C-11, the audio coupling ca-
pacitor connected to pin #1 of the audio amplifier
tube V-10. One terminal of C-11 is connected to pin
#1 of socket V-10, the audio amplifier tube. Leave
this terminal of C-11 alone. Unsolder the other termi-
nal of C-11. Connect the shield wire from the switch
arm to this terminal of C-11, as shown in figure 18.
Connect one of the other shielded wires from the
switch arm to the terminal just vacated by capacitor
C-11. Connect the remaining shielded lead to pin #5
of socket V-6 (6ACT limiter). Replace the panel.

10—15 Meter Coverage and Citizens
Radio Service (27 Mc.) with the BC-603

It is possible to retune the BC-603 to cover the 10
meter band, as well as 11 meters (the Citizens Radio
Service) and 15 meters. This is accomplished by ad-
justing the capacitors on the left side of the chassis
and the tuning slugs on the right side. Presetting the
adjustments is an easy way of tuning the receiver to
the proper ranges.

Looking at the left side of the set (with the front
of the panel toward you) set the red dot on capacitor
C-1.7 toward the front panel (6 o’clock). Set the red
dot on capacitor C-1.5 to 9 o’clock. Set the red dot on
capacitor C-1.3 to 10 o’clock. Finally, set the antenna
trimming capacitor C-1.1 to 4 o’clock.

Next open the covers exposing coils LCU-1, LCU-2,
and LCU-3. Screw all slugs out counter-clockwise.
Screw in the upper slug of LCU-2 three turns, and the
lower slug eight turns. Screw in the slug of LCU-1
eleven turns. It should now be possible to receive the
tull 10-meter band and 27 Mec. Citizens Radio Service
at the high end of the tuning dial, and the full 15-
meter band at the low end of the dial. Peak up the
slugs (except LLCU-3) for maximum gain at the low
end of the dial. Peak up the capacitors (except C-1.7)
for maximum gain at the high end of the dial, Repeat
this process a few times until the receiver tracks across
the entire range. Finally, adjust oscillator slug L.CU-3
and oscillator padding capacitor C-1.7 for full cov-
erage of the amateur bands at each end of the dial.
This completes the conversion.

Using the AN/APN-1 Transmitter
Section for 420 Mc.

The APN-1 radio altimeter is widely available in
surplus stores. Usually the frequency modulator
(Y-101) is removed for use in television sweep genera-
tors. The rest of the unit can often be bought for a
very few dollars. The transmitter section is usable on
the 420 Mc. amateur band for short-range work. The
actual operating range depends upon the gain of the
antenna system, rather than the power of the trans-
mitter, however!

Remove the transmitter from the APN-1 (figure
19). The transmitter will be converted for six-volt
filament operation, and a power supply and modulator
will be constructed. Remove the modulator (Y-101)
from the transmitter if it is still in place.

The first step is to locate the filament wire running
between L-105 and L-106. Clip this wire near the
end of L-105. Ground the end of the wire emerging
from L-105 to the chassis of the transmitter. Connect
the free end of the wire emerging from the end of
L-106 to the center terminal of the filament feed-
through capacitor C-111. The filaments are now wired
in parallel for six-volt operation. Next, remove link
coil L-107 and the associated coaxial line.

The circuit of the power supply-modulator unit is
shown in figure 20. It can be built upon one end of
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cnl 16 UUF MAX. 654 S50UUF ) 60 UUF 500V L LIMITER CATHODE CHOKE R22 30,000-N-1/2W v? VT-90 (6HE)
CL3 16 UUF MAX. €55  I0UUF j SEE NOTE2 L32  ANTENNA COUPLING R23  5000-"-1/2W ve VT-107-A (6V6GT)
€15 6 UUF MAX. csé 0.006 UF 300V L33 RF PLATE R24 50N i/2W ve VT-229 (6SL7GT)
CLT  16UUF MAX csl 100 UUF 500V L34  MOD GRID R25 2,500 1-1/2W vio VT-229(6SL7GT)
ClL2  62UUF MAX C62  .00IUF 500V L4l RF OSCILLATOR R26 1,200 V2W
C 1.4 62 UUF MAX €63 50 UUF 3 60UUF 500V LSl IST IF GRID R2T 2,500 1/2W DYNAMOTORS
€16 62 UUF MAX. cea touuf SEENOTEZ L52  MODULATOR PLATE R28 2,500 1/2W OM-34-D 12 VOLT
C 18 62 UUF MAX. €65 10 UUF 10 60 UUF 500V L6l 2ND IF GRID R29  13,000--2W GAPACITORS
€2 0006 UF 300V Cc66  SOUUF) SEE NOTE2 L62 | ST IF PLATE R30 54w £701 0 003 UF {000 V
¢3 0006 UF 300V €67  0.006 UF 300V L71  LIMITER GRID R3I  6800-"-iW €702 0 003 UF 1000 V
Ce 0006 UF 300V G71 50 UUF 500V LT2  2ND If PLATE R32 30,000 12W C703 0 003 UF 500 v
€5 G006 UF 300V €72 .00IUF 500V L8  DETECTOR IN®UT R33  30,000-"-v2ZW €704 0.003 UF 500 V
C6 0006 UF 300V €T3 SO0UUF . 6OUUF 500V L82  LIMITER PLATE R37 250,000 -1 1/2W €705 0.003UF 1000V
(4 0006 UF 300V Cc74  10UUF ) SEENOTE2 [K]] 1F OSCILLATOR R38  1,000-"-1/2W G706 0.CO3 UF 1000 V
c8 500 UUF 500V €75  10UUF L 60UUF 500V RG1  100,000-"- V2 W
c9 0.006 UF 300V c76  SouuFs SEE NOTE2 st LOUD SPEAKER R42  30000-n-1VW coILS
CI0  0.75 UUF 500V C77 0006 UF 300V R43 30,0001 1W L70F RV FILTER
CIl 0006 UF 300V 8! 250 UUF 500V PQTENTIOMETERS RSI  250,000-N-V2W L702 LV FILTER
Ci2 001 UF 300V €82 G006 UF 300V Pl 100,000 N R52  30,000-n-v2w L703  HVFILTER
C13  500UUF 500V €83 0006 UF 300V P2 2001 R53 100,000 -"-172W L704 HVFILTER
Ci4 0006 UF 300V C84  SUUF 500V RS4  100,000-N-v2W
ci6  05UF600V C85 50 UUF OR 60 UUF 500»1}“50515E PLUGS R6I  100,000-"-12 W J70t  DYNAMOTOR JACK
Cl6  2UF 600V 86  BOUUF OR 6OUUFS00VJ | = PGI  RECEIVER PLUG RE2 43,000 i/2W
CI7 001 UF 300V €87  25UUF J 35YUF 500V P62 DYNAMOTOR PLUG RE3 10,000~ 1/2W MGTQL 12V DYNAMOTOR
ci8 0.01 UF 300V c88 1O UUF J SEENOTE2 PG3 FRONT PANEL PLUG R6G  1,000-1-1/2W
C19 G002 UF 500V €91 SOUUF 500V RTI  250,000-"-1/2W DM-36.0 24 YOLT
€201 O1UF 600V c92  SOUUF 500V RESISTORS R72 30,000 "-1/2W CAPAGITORS
¢ 202 O1UF 600V C93  100UUF 500V Rl 30,000 N | W RT3 10000 12 W C80! 0.003UF 1000 V
€203 01 UF 600V €94  SOUUF 500V R2 250,000 "-1/2W RT4  1,000-- /2 W €802 0.003UF 1000V
c2i 0.01 UF 300V R3 500~ 1/2W LLT 70,000 N-1/2W €803 0.003 UF 500 Vv
c22 0005 UF 300V R4 50,000 - 1/2 W R8Z  250,000-"- V2 W CB804 ©.003 UF 500 V
C23%  QOUF 25V SWITCHES RS 300 -n-1/2W RE3  70,000-N-1/2W €805 0.003 UF 1000V
C24  1UF 600V ot REC ON.OFF R6 100,000 - 1/2W R84 250,000-n-1/2W €806 0.003 UF 1000V
25 2UF 600V 02 RADIO- INT R7 30,000 - 1W R8S  1,000-A-EW
C26  0.0005 UF SO0V 03 CN-OFF SPEAKER R8 70,0001 1/2 W RS9I 100,000 -N-172W coiLs
¢35  0.006 UF 300V 04 ON-OFF SQUELCH RS 1,000-N- 1/2W R92  40,000-"-1/2W U801 NV FILTER
€36  I0UUF 500V 05 TUNE -OPERATE RIO  250,000-N-1/2W R93 40,000 -"-i/2W L802 LV FILTER
C¢38 IOUUF SO0V RU 1,000,000 - 1/2 W R3e 20000000 Yow L803  HV FILTER
¢33 0006 UF 300V R2 2000 (2 W R9S 150000 oW 1804  RWVFILTER
G4l 700UUF 500V € CALL SIGNAL R13 10,000 - Y2 W R96  30000N 2 W
[X-%) 200 UUF 500V Ri4 250,000 - jew T OUTPUT TRANSFORMER ;g0 OYNAMOTOR JACK
€43 100 UUF 500V RIS 1,000,000 - 1/2W VAGUUM TUBES
¢ 44 30 UUF 500V Fl FUSE 15 AMP RI6 1,000,000 - 1/2W v——‘——_‘ VT-112 (6ACT) MGBO! 24V DYNAMOTOR
©45  I00UUF 500V RIT  250,000-n- i/2W ve  vT-112 (6ACT)
C46 20 UUF SO0V RI8 100,000 N- /2w V3 VT1-94 (645)
¢51 0006 UF 300V AAGKS R1o ;f:_’;f‘":"‘"/t" va  vT.209 (12867)
C52  I0UUF Jo 60UUF 500V 3t PHONES 20 ' 1-209 (12567}
cs3  50uUF SEE NOTE 2 42 PHONES R21 30,000-N-2W :: :T-??z (6AGT)

J3 FRONT PANEL JACK

Figure 16
SCHEMATIC, BC-603 RECEIVER.
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DYNAMOTOR SOCKET

STANCOR STANCOR 4701
PC-8403 c-1277
6Xx4 7HY, 50 MA.

SPRAGUE TYPE

m\ TVA-1712
L2 o

+
™~ 40 E/450 V.

LI T R BN

== 25UF./25%V.
+ SPRAGUE
L TYPE TVA-1205

nsv.ou

Figure 17
SCHEMATIC, A.C. POWER SUPPLY FOR BC-
603. Power transformer delivers 250-0-250
volts at 70 ma., 5 volts at 2 amperes, and 6.3
volts at 2.5 amperes.

6ACT NEW “D-2* 6SL7-GT

LIMITER SWITCH A-F STAGE
v-8 [ v-10
amM . FM
% o———T0 C11t y
TERMINAL ---
5 J*f{,,
(.006 LF)
I I
Cs ! L1
Figure 18

MODIFICATION OF BC-603 FOR
A.M./F.M. RECEPTION.

a 8”x10"x2” aluminum chassis. The APN-1 oscillator
unit is bolted to the opposite end of the chassis.
Adjustment of the sliding bar on L-108 will tune
the oscillator between 425 Mec. and 440 Mc. The spac-
ing between L-111 and L-110 will determine the an-
tenna loading. A 6.3 volt, 150 ma. pilot lamp (brown

==="¢ TO BALANCED DETECTOR
® ==
L111 R164
R116
1900
120 J102 Y101 §-L108 B+
R-F OUTPUT L I
= €110
T
= C106 R117= =
@ 15K
NOTE:
ALL RESISTOR VALUES ARE
955 6/VEN IN OHMS AND CAPACITOR
R-F OSC VALUES IN JUF,
vi12
vi12 V113
TVl Jied
L gl ingll _L +13.5 V.
cizfcna c11s|cnie i
6 ¥ 56 56y 56 T 55
Figure 19

SCHEMATIC, APN-1 OSCILLATOR.

my antenna for tuning adjustments. A suitable an-
tenna for the 420 Mc. band is shown in figure 21.

Converting the AN/CRC-7 to 144 Mec.

The AN/CRC-7 is a battery operated transmitter-
receiver used for Air-Sea rescue work. It is capable of
operation in the 144 Mec. amateur band, and purchase
of components other than a set of batteries is unneces-
sary. The complete unit is shown in figure 22, and
an “exploded” view is shown in figure 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 used as a super-
regenerative detector having a tuning range of 135—

bead) mounted in a coaxial plug will serve as a dum- 150 Mc. The second half of this tube is used as an
Ciio Ci1y
== 22—
T
| = 1
: ! ! t Figure 20
| | SCHEMATIC
X POWER SUPPLY-
. L MODULATOR
.02 UF 6AQ5
{— INVERTED vericHT L CIRCUIT AND
220% 470 ﬁ 6 REVISED APN-1
T w OSCILLATOR
= C113

{C1s :

N

Cite

EA.56 |
J

p
Vi3

955 Power transformer de-

STANCOR Cii2 955
. A-3837 EA. 56
25 0F 470 (Any P-P
25V. AUDIO TRANSFORMER.
SECONDARY NOT USED.)
5Y3
STANCO STANCOR
PC-8401 c-1277
' AiRAr
+ +
EA.
ZOUFI
dasov. L TO6AVSE, 6AQS
= = HEATERS

Jio
TRANSMITTER
ANTENNA

UNLESS OTHERW/SE NOTED:
CAPACITANCE IN LUF,
RESISTANCE IN OHMS.

' livers 235-0-235 volts

u at 40 ma., 5 volts at 2

amperes, and 6.3 volts
at 2 amperes.

tHs5v.ny
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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 Mec., with the second section acting as a fre-
quency doubler to 35.146 Mc. A second 3A5 is used
as a dual doubler, the first section doubling to 70.292
Mec., and the second section doubling to 140.58 Me.
Transmitter output is on this frequency.

—

V/CRE
ot 13
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£ OPERATE
A TCH LOCK PN
A 10 FbL z

L A VERTIGAL

I
VERIEAL S
s RECT MR B
WOILATES HOR. §
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JoiCE: PRESS
P srEAN CLOLE
ABPHONE

L wiTH CTRAN
pyigbonel

Figure 22

The AN CRC-7 is a
battery-operated re-
ceiver easily convert-
ed for 2-meter ama-
teur operation.

MAKE ELEMENTS OF

64
N° 12 £ WIRE.

300 OHM TV-LINE, RANDOM LENGTH .

CONNECT 3 SHIELDS TOGETHER

9§ 0F RG-59/U

SHORT LENGTH — -
OF RG—-59/U

TO OSCILLATOR

Figure 23
"“"EXPLODED"" VIEW OF AN CRC-7
The battery box is cut off, and the top section
is cut open as shown. Cut top section Va-inch
above push buttons, being careful not to cut
too deeply into the case.

Figure 21
FOUR-ELEMENT BEAM ANTENNA
FOR 420 MC.
Opening A good, sharp hack-saw is an asset in
the Case opening the CRC-7 case. The unit is com-

pletely heremetically sealed against mois-
ture. Since the batteries are not available, the first
step is to cut off the battery compartment. Measure
along the side of the unit to the end of the brass butt
plate. This will be 8%”. Measure yvour unit to cut just
below this brass plate. Do not cut too far into the in-
terior of the battery compartment or you will saw off
the battery pins. Remove and discard the shell. In-
cidentally, the antenna should be fully extended to
avoid sawing it off during the cutting operation.
Next, remove the two screws that appear to hold
the two halves of the unit together. Mark a line %-inch
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SCHEMATIC, AN/CRC-7 V.H.F. TRANSMITTER-RECEIVER

above the push buttons, and scribe this line all the way
around the cannister. Saw along this line, being care-
tul not to cut into the interior of the case, particularly
near the screw mounts. Just beneath this area are the
audio transformer and r.f. choke, so take care!

Now, you can slide off the cannister. It may take
a little jiggling, but use only moderate pressure. Re-
move the insulating tape to reveal the components of
the set. To make sure that no damage has been done
during the sawing process, connect a set of batteries
as shown in figure 24. Press the “receive” button and
vou should immediately hear a hissing noise in the
earphone unit.
144 Mc. Operation
of the Transmitter

The transmitter should be ad-
justed for 144 Mc. operation.
All of the coil slugs are silver-
plated and raise the resonant frequency of the tuned
circuits as they are screwed clockwise into the coil.
Since it is necessary to raise the frequency of the trans-
mitter for 144 Mc. operation, it will be necessary to
turn all slugs clockwise. This is fortunate, as the slugs
are usually sealed with “glyptal” cement, and turning

the slugs counter-clockwise will usually “freeze” them
in the cement.

The first step is to remove the transmitter crystal,
which is held underneath the 17 Me. coil form (the
one having the most turns). Unscrew the coil bolts
from the under-side of the chassis and remove the coil
and the crystal. Handle the crystal with care. It is
possible to mount a crystal holder on the outside of
the case, grounding one lug of the holder to the case,
and connecting a small piece of spring brass to pin
#3 of the 3A5 oscillator tube socket. Then, when the
case is slipped on, the spring brass will contact the un-
grounded pin of the crystal socket. A second brass
spring is soldered to the chassis deck to make ground
connection to the case for the return lead. Crystals in
the 18 Mec. range are used for 2-meter work.

A less expensive conversion is to make use of the
crystal used in the original equipment. Take a piece
of flat glass and put a few drops of water and a little
tooth powder on it. Place the crystal blank on the
glass and press it lightly but evenly, taking ten or 15
circular “swipes” across the glass plate. Clean the
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Figure 25

The AN/URC-4 is a
battery-powered

transmitter-receiver
suitable for conver-
sion to the 144 *Mc.
amateur band. Unit
features built-in an-
tenna and speaker-

microphone.

crystal with carbon tetrachloride (Caution! Do not
breathe the fumes!), replace it in the holder and check
the frequency. It will probably be necessary to repeat
this procedure several times (retuning the crystal
oscillator coil each time) until the harmonic of the
crystal falls at the desired spot in the 144 Mc. band.

Next, cut holes at appropriate spots in the top of
the cannister to gain access to the tuning slugs when
the cover is replaced. It is necessary to tune the
transmitter in this manner, since the cannister causes
a considerable amount of detuning when it is re-
moved. Peak the slugs of the four coils for maximum
signal strength in a nearby receiver, with the antenna
whip of the unit fully extended. This completes the
transmitter modifications.

The receiver section of the
CRC-7 only requires retun-
ing for 2 meter operation.
Screwing the slug into the detector coil about three
turns will hit the band. Some receivers will not tune
above 147 Mec. and it will be necessary to remove one
turn from the detector coil to tune up to 148 Mec. If
desired, the receiver slug can be removed and a %-inch
extension shaft soldered to it. By slotting the side of
the case, you can tune the receiver manually by
means of a knob placed on the shaft. The sensitivity
of the receiver is such that a signal of less than 3
microvolts can easily be heard and copied.

The CRC-7 requires two flashlight batteries paral-
lel-connected for the filament supply (1.4 volts), and
two 45 volt B-batteries series-connected for the B-plus

144 Mc. Operation
of the Receiver
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supply. The RCA battery pack VS-064 will work well
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 a
2 Meter Handie-Talkie

The AN/URC-4 is a battery powered transmitter-
receiver intended for Air-Sea rescue service like its
predecessor, the CRC-7. Unlike the CRC-7, the URC-4
employs more “exotic” circuits, components and
smaller construction. In addition, it is designed to
operate on two frequencies: 121.5 Mc. and 243 Mec.
To convert the URC-4 to 144 Mc. it is necessary to re-
wind a few coils, purchase a new crystal, and connect

a set of batteries. The unconverted URC-4 is shown in
tigures 25 and 27.

The URC-4 employs eight tubes, all of which are
sub-miniature with the exception of the audio output
tube. A dual frequency antenna folds completely into
the case. Telescoping the antenna automatically shorts
out the v.h.f. antenna loading coils and converts the
antenna to u.h.f. use at 243 Mc. For a two meter con-
version, the uw.h.f. circuitry and tubes are not used.

A complete circuit of the URC-4 is shown in fig-
ures 26A and 26B. Two separate detectors are used,
one for v.hf. and one for whf. Each super-regenera-
tive detector emplovs a tvpe 6030 miniature high-x
triode. (Note: Some early models use 3676 tubes).
Bandswitch S-1 lights the filament of the tube in use.
The detector audio output circuit is novel in that it
incorporates a “bridge-T” filter tuned to the quench
frequency of super-regeneration. A variable quench
control is thus not required and improved audio re-
sponse is realized. The v.h{f. detector (V-5) tunes
only to 144 Mc. and must be modified for 2-meter
work,

The transmitter section employs a CR-24/U crystal
at 10.12 Mc,, ground for third-overtone operation with
a 6050 oscillator (V-1) operating at 30.375 Mc. This
tube drives a second 6050 doubling to 60.75 Mc. A
beam-power pentode (type 5851) is used as a doubler
to 121.5 Mc. For v.hf. operation, signals are link-
coupled out of the plate circuit of this stage. A second
5851 acts as a doubler to 243 Mec. for uhf. service
and is activated by the whif./vhf. switch, S-1. This
last tube may be removed and kept as a spare.

The audio section consists of a 232 speech ampli-
tier driving a 3Q4 power amplifier (reception). Dur-
ing transmission, the 3Q4 serves as a modulator. A
feedback circuit is incorporated in the audio system
for modulated tone transmission, operated by switch
S-2A.

The Two Meter
Conversion

It is a good idea to establish first
that the URC-4 is in working or-
der on 121.5 Mc. when you re-
ceive it. The original batterv pack is unobtainable,
but a good substitute is the RCA VS-064 pack (1.4
volts, and 90 volts). Battery cables are usually avail-

Figure 27
AN/URC-4, WITH COVER REMOVED
At top of cabinet arertubes V-1, V-2, and V-3.
Oscillator coil L-1 is behind V-1 and is tuned
to 30.375 Mc. Doubler coil L-2 is behind V-2
and is tuned to 60.75 Mc. Doubler coil L-3 is
behind V-3 and is tuned to 121.5 Mc. Coil
L-4 is behind capacitor C-19 (20 ufd.) and is
tuned to 243 Mc. Tuning capacitor C-21 is
next to L-4. Receiver coils L-5 and L-6 are at
bottom of case.
Coil L-1 is retuned to 36 Mc., coil L-2 to 72
Mc., coil L-3 to 144 Mc. Tubes V-4 and V-6
(under the chassis) are removed.
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able at the surplus store. Connect the battery as in-
dicated in figure 26 to receptacle J-1. Press the
receive button and a loud hiss should be heard from
the combination microphone-earphone. Press the
transmit button and check for r.f. with a field strength
meter. Do not leave the transmitter operating for
more than a few seconds when making this check as
the 121.5 Mec. frequency is still used for military com-
munication.

The first step in the conversion is to modify the
tuned circuits. Remove the chassis from the case by
loosening the chassis mounting screws. Remove the
uwhtf. detector (type 6050, V-6) located under the
chassis. Save the tube for a spare. Remove the uh.f.
power amplifier tube (type 5851, V-4) and save for a
spare. Coil L-3 of the second doubler stage (V-3) will
now rescnate to 144 Mc. without re-winding.

Next, remove the neoprene waterproof cover over
the microphone-earphone grill. This will improve the
modulation. Now, locate the end of coil winding L-1
that connects to pin #1 of socket V-1 (6050, oscilla-
tor). Unsolder this end of the winding, pull it through
the eyelet of the coil form and unwind three turns.
After unwinding, feed the wire back through the eye-
let and solder to pin #1 of socket V-1, trimming off
the excess wire.

The next step is to locate coil winding L-2 that
attaches to pin #1 of socket V-2 (6050, doubler). In
the same manner as before, disconnect the wire, un-
wind two turns, and resolder. Coil L-3 is left “as is.”
Coil L-4 may be removed, as it is no longer used.

A transmitter crystal between 36 and 37 Mc. must
be used for 2 meter service. A replacement type
CR-24/U crvstal is expensive, and a low-cost hermeti-
cally sealed tvpe FM-1 crystal is recommended as a
substitute. This crystal may be obtained from Inter-
national Crystal Mfg. Co., 18 North Lee St., Oklahoma
City, Oklahoma. The new FM-1 crystal may be se-
cured by lifting the old pressure spring and sliding
the new crystal into position. Solder the two wires
to the original crvstal holder terminals. Make sure
the crystal is not free to move about, or dropping
the CRC-7 might fracture the crystal. This completes
the transmitter modification.

Identify the wire running
between detector coil L-5
and the transmit - receive
switch S-2. Unsolder this wire at the switch, pull back
to the coil, and unwind one turn from the coil, leaving
1-1/6 turns on the link. Route the wire back to the
switch, slip a piece of “spaghetti” tubing over the
wire, and resolder to the original switch terminal.
Next, identify the wire running between coil L-5
and pin #1 of detector socket V-5. Disconnect this
wire at the socket, and as before, unwind one turn
from L-5, and reconnect the wire end to socket V-5.
This completes the receiver modification.

Receiver Modification
for 2 Meters

Antenna Modification For 121.5 Mc. operation the
for 2 Meters dipole antenna system em-

ploys two loading coils. For
best results on 144 Mec., 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 insulator into the case. Mark
near the appropriate coil (on the cap) the letters “A”
(for antenna) and “G” (for ground). Unscrew the
vertical rods near the cap with a small wrench. Solder
a one-inch loop of wire 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 two turns from the coil
marked “A”. Replace the coils.

Now, insert the coil of a grid-dip oscillator into the
loop of wire. Make sure the antenna is fully extended
and clear of nearby metallic objects. Check the reso-
nant frequency of the antenna, which should be close
to 145 Mc. If not, adjust the coil “A” by spreading
or compressing the turns which should put the an-
tenna on frequency. Replace the antenna assembly.

Testing the Insert the FM-1 crystal, and connect
Unit the batteries. Press the “transmit” but-

ton and listen for the carrier in a nearby
receiver. If no signal is heard on the proper fre-
quency, slowly unscrew the slug of coil L-1 until the
oscillator starts operation. Peak coils L-1, L-2, and
L-3 for maximum received signal with the URC-4
antenna fully extended.

To tune-up the receiver, press the “receive” but-
ton and adjust the slug of coil L-5 until local two-
meter signals are heard. The slug should be almost
completely inside the coil form. Placing the cover
on the URC-4 will detune the circuits, so holes should
be drilled at appropriate places in the cover, and
tinal slug adjustments are made after the cover is in
position. Under proper conditions, the unit is capable
of transmitting and receiving over distances up to
30 miles or more. The power of the transmitter and
sensitivity of the receiver are well matched, and you
should be able to work anyone vou can hear.

Converting the MD-7 /ARC-5 Modulator
for Amateur Use

The MD-7 modulator unit is readily available on
the surplus market and may be easily converted to a
75-watt modulator for the ARC-5, or other transmitter,
running up to 130 watts input. The MD-7 includes
two 1625 modulators (12 volt 807’s), a VR-150 voltage
regulator, and a 12J5 tone modulator for m.c.w.
service.

The easiest way to adapt the modulator for gen-
eral use is to strip the chassis of all components ex-
cept the tube sockets, the input transformer T-1, and
the output transformer, T-2. The modulator should
now be rewired according to the diagram of figure
28. The circuit is designed to be used with a surplus
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MODIFIED MD-7/ARC-5 UNIT MAKES
MODULATOR FOR AMATEUR USE
T-1 and T-2 are original transformers.

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-1 connected across pins #8 and 9 of
modulation 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 #1 and 3 are atop the modulation transformer,
T-2. The empty 12J5 socket can be employed as a
power socket.

Converting the Command Transmitter

Relay for Antenna Change-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 8- or 12-volt mobile operation.

The relay (identified as K-54 in the ARC-5 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 12-volt operation, merely connect to
one of the coils.

ARMATURE /

K-54 RELAY

RECEIVER

ALUMINUM BOX

Figure 29
K-54 relay of BC-442 Antenna Control
Unit is mounted on aluminum plate.
Three coaxial receptacles are used for
relay terminals. Coils may be connected
for 6, 12, or 24-volts, d.c.

Converting the RM-52 (RM-53)
Telephone Unit to a Phone Patch

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 service. 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 shown in figure 30. A simple r.f. filter
is placed in series with the telephone line to prevent
rf. feedback. A d.p.d.t. toggle switch is used to dis-
connect the phone line and return the microphone to
normal use. Always 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 will now pass over
the phone line, and the phone will modulate your
transmitter.

urc-c-2804
TRANSFORMER FROM RM-52

T
ore arc 0.5 F B 0 HEADPHONE JACK
100 v —OR-
oN 2.5 MH OR
o T z
7

N = L 500 L REC. OUTPUT
TO PHONE “ea’
LINE N '”_‘/‘001 i 7 D —
= s
1

w,

= OFF

000 - oK, TO MICROPHONE
\ 5 ,
2.5 MH 0.5 WF 10K/ | =
\ RFC 100 V P , =
\ , TO SPEECH AMP.
N - A 4 INPUT
A

Figure 30
SCHEMATIC, PHONE PATCH MADE
FROM RM-52 TELEPHONE UNIT
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MIXER TUBE RECEIVER I-F CAN

BREAK - =
TO INSERT ' !
FILTER R !

. !

- - - — —

CRYSTAL
MARKING
CHANNEL 44
CHANNEL 45
CHANNEL 326
CHANNEL 327

FREQUENCY
457.85
453.70
452.77
454.76

X1 - LOWER CHANNEL (SUCH 4S5 44)
X2 - HIGHER CHANNEL (SUCH A4S 4¢5)
Li-L2-MILLER 12-C7 455 KC. I-F

Figure 31
SCHEMATIC, CRYSTAL FILTER FOR
455 KC. |I.LF. AMPLIFIER

Make a Single Sideband Crystal Filter
for Your Receiver with Surplus Crystals!

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 ke. to 500 ke. in 1.85
ke. segments. The crystals are used on their 54th har-
monic, and are marked 20.0 Mc. to 27.9 Mec. in 100
ke. jumps. Other crystals in the same range are avail-
able that are separated by a frequency difference of
1.39 ke. These crystals are marked 27.0 Mc. to 34.6
Mec. (Channels 270-346).

An efficient crystal filter may be made from four
of these surplus crystals. The one stage full-lattice
filter is shown in figure 31 and may be used in any
receiver having a 455 ke. intermediate frequency
amplifier. For everyday use it is not necessary to
match crystals. The filter will greatly increase the
selectivity of the receiver, reducing the interference
level and permitting better reception.

Any two adjacent channels may be used that fall
in the if. range of the receiver. Channels 44 to 48,
and 326 to 330 all fall within the tuning range of
standard 455 ke. if. 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

Figure 32
THE T-23/ARC-5 V.H.F. TRANSMITTER
Coaxial connectors J-301 and J-302 are at
upper left, with connectors J-307 and J-309
at bottom of sloping front panel. R.f. tuning
adjustments of amplifier stage may be ac-
complished through ""door”’ on panel.

between the mixer tube and the first if. 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
ke. A surplus BC-221 frequency meter will come in
handy). Peak filter transformers L-1 and L-2 to this
new frequency as well as all the if. 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., am.-phone, and c.w. re-
ception.

Converting the T-23/ARC-5 Transmitter
to 144 Mc.or 50 Mc.

The T-23/ARC-5 transmitter covers the v.h.f. range
of 100—150 Mec. 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-5 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 following fre-
quency ranges:

Channel A: 100-124 Mc.
Channel B: 122-146 Mc.
Channel C: 122-146 Mec.
Channel D: 132-156 Mec.
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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 (B, C, and D)
will function on 2 meters without alteration. Channel
A is converted to 30 Mc. (six meters). The tube line-
up of the transmitter is:

1--1625 (V-301) crystal oscillator

1-1625 (V-302) first harmonic generator
1-832A (V-303) second harmonic generator
1-832A (V-304) r.f. amplifier

The power amplifier is plate and screen modulated
by the separate MD-7/ARC-5 modulator. This unit
is shown fully converted in another section of this
Manual.

In order to use the original tubes, a 12-volt filament
transformer is included in the power supply unit. The
ARC-5 transmitter employs six d.c. relays. These are:

K-301—Antenna changeover relay

K-302—Plate and screen voltage control

K-303—Modulator screen and key control

K-304—Motor tuning control

K-305—Auxiliary plate and screen voltage con-
trol

K-306—Modulator plate and voltage regulator
interlock

All relays except the antenna changeover unit
(K-301) are removed in the conversion. The complete
conversion is outlined in steps to ensure that changes
are made properly and in the correct sequence. Check
off each step as you do it.

1—Cut the wires going to the coil of relay K-305.
Tape the leads.
2—The red/white wire coming from one of the
terminals of K-305 is cut, stripped, and soldered
to the top terminal of resistor R-315 (300
ohms). This resistor is in the cathode circuit
of the 832A amplifier (V-304). The top termi-
inal has two green and white wires attached
to it. Leave these wires in position.
3—Remove the ground connection from- R-315.
The resistor now serves only as a tie-point.
4—Slip the large, black 15.000 ohm resistor, R-329
(front of chassis near 1625 oscillator socket)
out of its bracket. Save the resistor.
5—Remove the two wires from the back end (to-
ward the crystal socket) of the bracket. Twist
the wires together. They will be attached to a
terminal strip in a later operation.
6—Remove R-327 (3,600 ohms—orange. blue, red)
from the contact terminal of relay K-303 and at-
tach it to the back end of the 15,000 ochm re-
sistor bracket.
7—Remove the two leads from the front end of the
15,000 ohm resistor bracket and tie them to-
gether. They will be attached to a terminal
strip in a later operation.
8—Remove the green/white wire from the contact
terminal of relay K-303 and attach it to the
front end of the 15,000 ohm resistor bracket.
9—Replace the 15,000 ohm resistor in the bracket.
10—Remove the three relavs K-303. K-302, and
K-305 from the side of the chassis. Do not re-
move the wires from the relays.

e & 5
/1_‘, uhem; i

Figure 33
TOP VIEW OF T—23/ARC-59WITH DUST COVER REMOVED
Amplifier coils are near front panel, next to tuning motor, with 832-A
tripler at rear. Oscillator and multiplier tubes are next to 832-A’s. Drive
shaft for rotary turrets runs along the side of amplifier chassis. Each 832-A
stage mounts in removable sub-chassis.
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34 SurpLUs Rapio CONVERSION

12 VOLT FILAMENT CIRCUIT J_3f‘§ CONNECTIONS MOTOR MODIFICATION

V-301 v-302  V-303  V-304 1~ EXCITER PLATE CIRCUIT To Jaos

TTT0
2-EXCITER SCREEN CIRCUIT THRU R319 PIN 8 - <
“% 3-BLANK 24 V. v @\—4
4-GROUND o

S-FIL. CIRCUIT

12v. : 6 -SCREEN CIRCUIT 832A 1t —
7-B+ AMPLIFIER, (MODULATED) MOTOR =
FRAME
8-MOTOR CIRCUIT
1625 1625 832A 832A
OSCILLATOR MULTIPLIER MULTIPLIER AMPLIFIER
V3o1 25 V302 V303 |3r V304 Lan
1%
8 MC. L3o2 L303 251K /2L RFC 220k ! L3tz C323
CRYSTAL s i > i
| L3os i TO
o " RELAY
" R < I
S \ g 3 S 20K "
T

= - MA— J307 USED FOR METERING CIRCUIT

W

PIN2-7.5-5.4 MA. PIN 6— UNUSED

% 4 % )
= ; : .
i
- ] ‘
J 4 . 51 ZscoRrec a7 U307 24, =500
r ool 3 PINS K30 y
)
z x* L L 509 L =500
a3k | 500
. L}
15K ]
A fiek

< l PIN1 —0,7-7.2 MA. PINS—-7.2-4.8MA. E»LSK
3K b:

o
>7.5K J307 I Jaos PIN3-7.5-54 MA. PIN 7~ UNUSED J3os Jaos

T PIN1 PIN 6 PIN7
© =

PIN 4 - GROUND

Figure 36
A—12-volt filament circuit for T-23/ARC-5
B—New octal plug to replace J-308
C—Bandswitching motor circuit modifications
D—Schematic of modified r.f. circuit

Figure 35
UNDER-CHASSIS VIEW OF T-23/ARC-5 TRANSMITTER
Relays K-303, K-302, and K-305 are mounted to side of chassis. Crystal
receptacles are placed between 1625 tube sockets.
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11—Install a terminal strip having five 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.

13—Attach the two wires removed in step 7 to a
second terminal of the strip.

14—Attach the two solid white wires going to relay
K-303 to a third terminal of the strip.

15—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.

16—Locate and remove the blue and white wire
going to relay K-302. Locate and remove the
red, black, and white wire going to relay K-305.
Solder these wires together and attach to the
fifth terminal of the strip.

17—Remove completely the red and white wire
attached to the coil of relay K-306.

18—Disconnect the 20 ohm resistor-fuse (R-326),
and the red, green, and white wire from the
ceramic end plate of relay K-306. Solder the
resistor and wire together. Tape the joint.

19—Cut the other two leads going to relay K-306.
Tape each end so they will 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 ungrounded tie-point under the relay bolt.

21-Attach the 20-ohm resistor to the tie-point.

22—1-308, the 7-pin plug on the rear of the chassis,
should be replaced with an 8-prong male plug
for convenience. Remove the wires one at a
time from J-308. Remove the wire from termi-
nal #1 and place it on pin #1 of the tube
socket. Do the same with terminal 2. Continue
this procedure until all of the wires are trans-
ferred. Remove J-308 and mount the male plug
in its place.

23—Cut all the wires connected to relay K-304. Re-
move from the chassis the 10-ohm resistor
{ R-330, brown, black, black) and the 15 ufd.
capacitor associated with X-304. Remove
K-304 from the chassis, and in its place sub-
stitute a terminal strip having one ungrounded
tie-point. Take the green and white wire from
the K-304 wiring cable and attach it to the
terminal. Tape the other wires separately for
insulation.

24—Install a lead connecting the wires on the
terminal strip to terminal 8 of receptacle J-308
on the front of the unit.

25—Locate the two 0.002 pfd. bypass capacitors
(C-329A, B) at the base of the tuning motor.
Disconnect the white lead, leaving the green

and white wire connected. Tape the white
wire. Short together the two leads coming
from the motor. The motor windings are now
connected in parallel instead of in series. The
motor will now function on 24 volts, a.c., rotat-
ing the coil assembly when 24 volts a.c. is
applied to pin #8 of J-308.

26—Remove the black and white wire from the
coil terminal of relay K-301, the antenna re-
lay. Ground this terminal. Tape the wire.

27—The sockets of V-301 (oscillator) and V-304
(832-A amplifier) need not be modified for
12-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. Modification of the
transmitter for 144 Mec. is now complete. See

figure 36.
Transmitter Modification 1—Remove tube V-303
for 50 Mec. (832-A 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 wppfd. coupling capacitors
(C-315, C-316) from the grid circuit of tube
V-304 (832A amplifier).

4—Run a jumper wire from pin #6 (grid termi-
nal) of socket V-303 (tripler) to grid pin #6
of socket V-304 (amplifier).

5—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 Z-301 (front turret for 832A
amplifier stage). Mark the channel D coil,
L-311-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
Mec. conversion is complete.

A crystal having a frequency between 8.334 Mc.
and 9.0 Mc. is required for six-meter operation. Tube
V-301 is an oscillator doubler, producing output in the
17 Mec. region. Tube V-302 is a tripler to the 50 Mec.
region and tube V-304 is a straight amplifier at six
meters.

It is possible to return to 144 Mec. 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 T-23/ARC-5
TRANSMITTER

corporating the necessary 50 Mc. circuit changes. In
this fashion, one transmitter would serve for both six-
and two-meter operation. o

Transmitter 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 (turret Z-302, 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 144 Mc. band. )

The transmitter requires a
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

Transmitter Power
Supply

Figure 38
TOP VIEW OF COMMAND gTRANSMI'I—I'ER CONVERTED FOR
SINGLE SIDEBAND SERVICE
Placement of major components is shown in figure 40. Pi-network circuit
for linear amplifier is at right of chassis. Unit shown is for 80-meter
operation.
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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 a

Single Sideband Transmitter!
The BC-458 is part of the SCR-274N radio equip-

the range of 5.3-7.0 Mc. (Navy version is the
T-21/ARC-5). 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-

ment. It is a compact v.i.o. transmitter, covering verted to a phasing-type s.s.b. transmitter for either
AUDIO DRIVER
V3
AUDIO AUDIO 3 12AU7 T2 9 Mc. 0sC.
Vi Vaa (seerexT) Vas
12AT7 001 +12AU7  Ti C1 112407
BALANCE f
= 1k
Js00
=3 =7
e
SIDEBAND
SELECTOR
SWITCH.
o 5 MG.
VR-105| =0 1626 [ Ls
Wt adbdl T 31V 10 it
REGULATOR _I_ 200 6
=5 ) o3 £ A2 4
Csa | 7ca I
2 2| 7lls 3 8
TO L3, =
TEAMINAL 2
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Va
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al 5 ouT.
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Figure 39
SCHEMATIC, SINGLE SIDEBAND TRANSMITTER

C-1—3 pufd. This capacitor may not be
necessary. Leave it out unless car-
rier balance can not be set with
slugs of L-1 and L-2.

C-2—O0riginal oscillator tuning capaci-
tor, panel-driven

C-3—O0riginal oscillator padding capaci-
tor

C-4—See coil table

C-5, C-6—140 pptd.

C-7—1250 volt mica padding capacitor,
300 — 1500 ppfd.

C-8A-B-C-D—10-10-10-10 pfd. electro-

lytic in metal can.

FL-1—Barker & Williamson type 350
phase-shift network.

T-1—20K to 600-800 ohms. Thordarson
TR-17, or Arrow Sales Co. type TR-
29.

T-2, T-3—15K to 200 ohms. Thordarson
TR-25, or Arrow Sales Co. type TR-
29 (use 12 of secondary winding).

RFC-1—2.5 mh. choke

RFC-2—5 turns #18 e. wire around 47
ohm, 2-watt composition resistor.

RFC-3—2.5 mh. “transmitting type’’
choke

See figure 43 for coil data
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80- or 40-meter operation. Either sideband may be
transmitted, and the completed transmitter includes a
high stability v.f.o. Peak power output is about 100
watts when a 1000-volt plate supply is used.

The Sideband 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-1 prop-
erly. The two audio 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 T2-I.1 and T3-L2. Two
r.f. signals are available at points “A” and “B”. Each
signal is amplitude modulated, but of a different rf.
phase. These two 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 Mc. 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 Mec. signal must now be changed in fre-
quency by a mixing process to the desired output fre-
quency in either the 80-meter or the 20-meter band.
This is done by combining the 9 Mc. sideband signal
with the 5 Mec. 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 signals (9 Me.
minus 5 Mc. =4 Mc.). Both signals appear in the
plate circuit of V-7, and the desired signal is obtained
by tuning the circuit C-4—1.-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 by 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 (14.0—14.4 Mc.), and the range of 5.2-5.0 Mec.
covers the 80-meter band (3.8—4.0 Mc.). It is a sim-
ple matter to increase the setting of the oscillator
padding capacitor C-3 to lower the oscillator fre-

quency to 5.0 Mc. at the low frequency end of the
dial.

Converting the
Command Transmitter

The first job is to strip the
Command transmitter of
all the parts you do not re-
quire. Refer to figure 2 for wiring diagram of orig-
inal transmitter. Remove all of the original wiring
below the chassis except the 1626 oscillator circuit.
Remove R-71, C-64, C-66, K-33, C-62 and R-76. Also
remove C-65. Leave capacitor C-61. The amplifier
capacitor (C-67) of the tuning gang is removed, and
a new tuning shaft for oscillator tuning capacitor C-63
is made from the knob and shaft from the variable
link coupling coil above the chassis (part of T-54).
Above the chassis, the loading coil, antenna relay, and
plate coil T-54 are removed.

The new parts, tube sockets, and other com-
ponents are now laid out atop the chassis, as shown
in figure 38, and the chassis is drilled. A new alumi-
num panel is placed over the old front panel of the
transmitter. At the rear of the chassis a miniature
coaxial receptacle (J-2) is mounted, and the original
power plug is removed and an 8-pin socket substi-
tuted. Also mounted on the back apron is a high
voltage terminal (Millen). Placement of the com-
ponents is indicated in figures 40 and 41.

Wiring the $.S.B.
Transmitter

The filament circuits are wired
first. Next, the oscillator coil
(L-3, figures 39 and 40, old
T-53, figure 2) is wired. Terminal #5 of L-3 is at-
tached to capacitor C-61, and the opposite terminal

3
ﬂ| 12846
EI: N
0
2~ M A
J le2sy \_/ i"‘/ va,6ALS5
ve Ve ~
—
0SC. COIL V5, 6AL5
AND Ty T2 lTa!
TUNING |
vt CAPACITOR|
pi-H 1626 | Q/\ . -
= FL1 )
VIO A e \/\1 V1 12aT7
hanal AUDIO
// ,'
AUDIO BALANCE V3,12AU7  V2,12AU7
Rs AUDIO  AUDIC DRIVER AUDIO, XTAL OSC.
BALANCE
4

PLACEMENT OF PARTS ON CHASS!IS, TOP VIEW

Figure 40
Placement of parts on chassis, top view
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Figure 41
Panel layout and coil connections, L-3

Ca




Manvar, Vorume 111

39

of C-61 is grounded. The “hot” terminal of C-61 is
wired to the 12-volt filament circuit. Pins #1, 6
and 7 of L-3 are left empty.

The next step is to wire the audio stages and the
audio filter. Mount the %-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 balance
control R-5 is on the chassis deck, above R-4. Because
of restricted space, R-5 is a subminiature control, only
%" diameter (CTC type “Mini-pot”).

Now, wire the crystal oscillator, balanced modula-
tor, and 9 Mc. amplifier stages. Wind coils L-1, L-2,
L4, and L-5 according to the data of figure 42.
Mount § Mec. crystal X-1 to the inner wall of the
chassis by means of a small aluminum clamp. Capa-
citor C-1 is merely the capacitive coupling between
coils L-1 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-1, L-2,
L-4, and L-5, and also across L-7.

Finally, wire the mixer, V-7, and the 1625 amplifier
stage. Plate coil L-8 is supported at one end by the
stator of loading capacitor C-6, and at the opposite
end by the 500 wpufd. TV-type coupling capacitor,
which is mounted on a small metal bushing between
the 1625 sockets. Choke RFC-3 is placed between the
capacitor and the oscillator shield, as seen in the top

L-1, L-2, L-5, L-6—25 turns #22 e. wire, slug-
tuned form, 5/16” diam. Link 4 turns over
“cold end”’

L-3—Original oscillator coil, see figure 41

L-4—8 turns # 16 e., slug-tuned form, 5/16” diam.
Link, 1 turn at center

L-7—3.5 Mc. 39 turns #26 e., slug-tuned form,
5/16" diem., tuned by 150 uufd. capacitor
(C-4), 14 Mc., 25 turns #22 e., slug-tuned
form, 5/16” diam., tuned by 56 uufd. capaci-
tor (C-4).

L-8—3.5 Mc. 46 turns #20, 16 turns per inch, 1”
diam. (3. & W. 3015) 14 Mc. 12 turns 14,
1” diam., 1-5/8" long.

Figure 43
COIL TABLE FOR S.S.B. EXCITER

view photograph. Capacitors C-5 and C-6 are mount-
ed to the front panel, with their rotors grounded
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 fignre
39.

Adjusting the S.5.B.
Transmitter

Adjustment of this transmit-
ter is done in steps. First,
plug in all tubes and deter-
mine that the filaments operate when 12.6 volts is
applied between the filament pin and ground of the
power plug. Remove all tubes except the oscillator

Figure 42
Under-chassis view of S.5.B. transmitter. Audio system components occupy
space of old amplifier tank capacitors. Coils L-1 and L-2 are mounted
behind one 1625 tube socket, near center of chassis. Coaxial lead runs
from C-6 to coaxial output jack J-2 on rear of chassis.
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tube V-10 and the regulator tube, V-11. Apply 300
volts to the transmitter and check v.f.o. operation by
listening to the 5 Mc. region in a nearby receiver.
Adjust capacitor C-60 (atop the chassis, see figure 2)
to bring the 5.3 Mec. dial point down to 5 Mc. Now,
plug in tube V-2 and listen at 9 Mc. Adjust the slug
of coil L-2 until the crystal stage oscillates.

You now need an audio oscillator for the next ad-
justment step. A high quality, low distortion oscilla-
tor (such as the Heathkit AG-10 or AG-9A should be
emploved). A low level, 1200 cycle audio signal is
injected in microphone jack J-1. Coils L4, L-5, and
L.-6 are peaked for maximum 9 Mec. signal as measured
with a vacuum tube voltmeter connected from pin
#35 of socket V-7 to ground, or with a antenna lead
of a nearby receiver held close to pin #5.

As long as the audio signal is applied, a signal
at the sideband frequency will appear in circuit C-4—
L-7. Let us assume, as an example, that this circuit
is tuned to 80 meters. Tune your receiver to 80 meters
and listen for the signal. You will hear a signal,
modulated with the 1200 cycle tone at a frequency
that is the difference between 9 Mc. (the crystal fre-
quency) and the frequency of the v.fo. Adjust L-7
for maximum signal. Next, turn off the audio signal,
and adjust carrier balance potentiometers R-2 and
R-3 for minimum signal.

The audio balance controls and coils L-1 and
L-2 are best adjusted with the aid of an oscilloscope
using “ripple” patterns. These adjustments arc cov-
ered in detail in the Rapio Hanpsook (published by
Editors and Engineers. Summerland, Calif.), or in the
Handbook Single Sideband for Radio Amateurs, pub-
lished by the American Radio Relay League. In brief,
the vertical plates of the ‘scope tube are link-coupled
to coil L-6, and oscillator tube V-10 is removed, leav-
ing only the 9 Mec. signal input to V-7. The ’scope

pattern will have a modulation “ripple” upon it.
Listening to the 9 Mc. signal in a nearby receiver will
allow you to hear the 1200 cvcle audio tone impressed
upon the speech system. During adjustments, the
audio level should be held as low as possible to pre-
vent overloading the phasing svstem of the transmit-
ter. Couple the receiver to coil 1.-6 and reduce the
gain to prevent overloading. Now, adjust balance
controls R-5 and R-4 for minimum “ripple” on the
’scope pattern. Also adjust the slugs of coils L-1 and
L-2 for minimum ripple. Kecep the audio level as
low as possible, and go over the adjustments several
times. Also rebalance the carrier balance controls R-2
and R-3 for minimum pattern. Reverse sideband
switch S-1 and recheck your adjustments. You should
strive to obtain minimum “ripple” regardless of the
setting of switch S-1. Once this point has been
reached, disconnect the audio generator and ’scope
and connect a microphone to J-1. You should hear a
clean s.s.b. signal at 9 Me.
Linear Amplifier Plug in the 1625 tubes and apply
Adjustment about —18 volts bias (use flash-
light batteries or small “C” bat-
teries) and jumper high voltage terminal P-1 to the
250 volt supply, placing 250 volts on the plate circuit
of the tubes. Resting plate current will be about 90
milliamperes or so. Unbalance carrier control R-2 or
R-3 and you will obtain an 80-meter carrier in the
plate circuit of the linear stage. You can now resonate
and tune this stage like any other amplifier. For 80-
meter operation, capacitor C-7 must be placed across
the output jack J-2. The value of this capacitance
depends upon the impedance of the antenna system,
and will vary between 300 ppfd. and 1500 pufd. As a
starter, parallel two sections of a broadcust-tvpe vari-
able capacitor and use it for C-7. Set it at maximum
capacity.

Figure 44
""COMMAND"
TRANSMITTER MAY
EASILY BE
CONVERTED INTO
HIGH POWER S.S.B.
LINEAR AMPLIFIER
250 watts peak power is
run by inexpensive 1625
tubes (center). Voltage
regulator tubes are at
rear of chassis.
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After vou have become familiar with operation at
250 volts, you can boost the plate voltage to 1000 velts
or so. The bias voltage for the 1625 tubes should be
raised until the no-signal plate current is about 35
ma. at 1000 volts. For other plate voltage values, the
bias should be adjusted so that the product of the
voltage and the no-signal plate current results in a
power input of 35 watts to the two tubes. Under full
voice input signal, the plate current will kick up to
120 milliamperes or so.

Convert Your Command Transmitter to a
S.5.B. Linear Amplifier

The Command transmitter makes an excellent
linear amplifier for 40- or 80-meter operation, capable
of running a peak power input of 230 watts. It makes
a good linear amplifier for the 10A or 20A sideband
exciter, or for any s.s.b. exciter capable of delivering a
few watts of power in the 40- or 80-meter amateur
band.

For 80-meter operation, the 3—4 Me. (BC-696, or
T-19 ARC-5) or the 4-55 \Mc. (BC-437, or T-20
ARC-3) transmitter may be used. For 40 meters, the
5.3-7 Me. :BC-438, or T-21 ARC-5) or the 7-9.1

CONNECTIONS TO
COIL T-53

TO C81

TO 1625

TO 1625

~-BIAS B+350V.
AT 30 MA

FIL GND

B+
500-1000V 12V 12 V.

Figure 45
SCHEMATIC, S.S.B. LINEAR AMPLIFIER
MADE FROM A “COMMAND”
TRANSMITTER

C-1—300 wputd. Bud MC-1860

L-T—Adjust to tune to output frequency with
C-1 nearly fully meshed. Air-Dux 1610,
or B&W 3907-1 coil stock (2” diam., 10
turns per inch). Adjust antenna tap for
optimum loading

RFC-1—2.5 mh. choke “transmitting type.”
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Figure 46
UNDER-CHASSIS VIEW OF S.S.B. LINEAR AMPLIFIER
Screen resistor R-1 is mounted to rear of chassis above the voltage regulator

tube sockets. Plate tuning capacitor C-1

is adjustable through side of

chassis. Shielded wire is employed for filament, screen, and bias leads.
Tuning capacitor near dial is not used, serving only as a bearing for
extension drive shaft.



42

SurpLus Rapio CONVERSION

Me. (BC-459, or T-22/ARC-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.

This conversion entails the
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-T1, C-38,
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
wires.

Conversion to S.S.B.
Service

A schematic of the converted
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 in
two empty octal sockets at the back of the chassis.

Tap #1 on the old oscillator coil (T-53) is used
as the rf. input circuit for the amplifier. Excitation
may be controlled by tuning the main dial of the
transmitter for greatest grid drive. The plate circuit
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-1 is mounted above the chassis as
seen in figure 44. It should be pruned so that reson-
ance on 80 meters occurs with C-1 almost fully
meshed, and 40-meter resonance occurs with C-1
about 75% meshed. The antenna tap on L-1 is connect-
ed to a coaxial receptacle mounted on the front panel

Wiring the
Linear Amplifier

330 = =

WHEATER-
i CATHODE /

-1z /

BOTTOM VIEW

Figure 47
OUTLINE DRAWING OF W.E. 701-A
VACUUM TUBE, SHOWING TERMINAL
CONNECTIONS

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 are
grounded to the metal shell, and the “hot” filament
line is bypassed with a 0.01 ufd. ceramic disc capaci-
tor. Pin #3 of each socket is also bypassed to the
metal shell with a similar capacitor.

Linear Amplifier

Bias voltage is applied to the
Operation

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) until the no-signal plate
current of the amplifier is about 90 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 coil T-53 to obtain
resonance. Plate tuning capacitor C-1 is tuned for
plate circuit resonance, and the tap on coil L-1 is ad-
justed for optimum antenna loading. Resistor R-1
should be adjusted for about 30 ma. of regulator tube
current. When the amplifier is operating properly,
the 1625 plate voltage may be raised to a maximum
of 1000 volts. Bias should be adjusted to provide a
no-signal plate current of about 35 ma. Under full
excitation, maximum average plate current will be
about 125 ma., providing a s.s.b. input signal of about
300 peak watts. The antenna tap on coil L-1 may be
readjusted at the higher value of plate voltage for
optimum antenna loading.

Using the Western Electric
701-A Tetrode

The large Western.Electric 701-A tetrode is avail-
able on the surplus market for a low price. The phy-
sical size of the tube (7% high, 44" diameter) sug-
gests that it would make a good high power rf. am-
plifier. The tube is a tetrode intended for pulse modu-
lator operation. It has an indirectly heated cathode,
with the plate terminal of the tube at the top of the
glass bulb. Connections to the terminals and the
outline of the tube are shown in figure 47. A modified
Western Electric 153A socket mav be used, or the
experimenter can easily build his own socket. ‘The
tube should be mounted in a vertical position, and
there should be a free circulation of air around the
glass envelope.

The pulse modulator ratings of the tube are:

Heater Voltage, 8.0 volts, a.c. or d.c.

Heater Current, 7.5 amperes.

Maximum plate voltage (pulse), 12,500 volts.

Maximum screen voltage  pulse), 1,200 volts.

Average plate current (pulse), 80 ma.

Peak pulse plate current, 10 amperes.

Plate dissipation (pulse). 100 watts.

Screen dissipation (pulse), 15 watts.

The suggested class-C operating conditions for
amateur service are;
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RFC 2
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65V
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Figure 48
SCHEMATIC, MODIFIED BC-1253
METEOROLOGICAL TRANSMITTER

Filament voltage, 7.5 volts.
Filament current, 7.0 amperes.

Plate Voltage 2000 2500 3000 3500 (volts)
Plate current 350 300 250 250 ( ma.)
Power Input 750 750 750 875 (watts)
Plate dissipation 220 200 160 175 (watts)
Screen voltage 400 400 400 400 (volts)
Screen current 40 40 40 40 ( ma.)
Screen dissipation 20 20 20 20 (watts)
Crid voltage —150 —150 —150 —150 (volts)
Grid current 15 15 15 15 ( ma.)

Note: It is suggested that a 6Y6-G be used as a
screen clamper tube to protect the 701-A from ex-
cessive screen dissipation.

Inter-electrode capacitances:

Input 15.6 pufd.
Output 8.5 pufd.
Grid-plate 0.16 wuufd.

Converting the BC-1253 to a
Sensitive Radio 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 sensitivity, good stability, and light weight. The
receiver is suitable for use in model airplanes, boats,
etc. The BC-1253 was originally used in weather bal-
loons to send upper-atmosphere weather information
back to earth. The transmitter is contained in a small,
strong cardboard box that is attached to the sounding
balloon. A lightweight battery pack accompanies the
transmitter on its flight into the heavens.

The BC-1253 employs a single 955 acorn triode
tube as a milliwatt oscillator, with the socket of the
oscillator built into the end of a silver-plated tank
circuit. The converted circuit of the oscillator is
shown in figure 48. Note that the only steps necessary
for the conversion are to remove the unnecessary com-
ponents, change the value of the 955 grid resistor, and
make the wiring changes shown.

The original transmitter
circuit uses several con-
nections on a socket strip
that it is mounted on. All connections to this strip are
removed. To do a neat job, the contact pins should be

Conversion to a Radio
Control Recciver

G- BAND SECTION
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1-BAND SECTION

30 LWUF 3
10 MUF 7

(500 UUF
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100 UUF

ZeskK

<

NOTE

* — PLACE 10 MEGOHM, 1/2
WATT IN SERIES WITH
GRID CHOKE FOR RECEIVER
MODIFICATION.
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%33

x
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oo |

—|O5V +1.5V. —85 V. +135Vv.
Figure 49
SCHEMATIC, MODIFIED BC-1066 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 Mc,) amateur band.
Varying the antenna tap and the tuning capacitor will
permit the detector to remain in oscillation across the
complete band.

A super-regenerative detector circuit is employed
for maximum sensitivity. For optimum results, the
plate circuit relay (Sigma type 4F) should be set to
pull in at 1 milliampere of plate current. This can be
checked by connecting the relay coil in series with a
30K potentiometer, a 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
1 milliampere, and drops out at about 0.8 ma. Now,
insert the relay back into the receiver circuit and ad-
just the variable plate voltage control until the relay
pulls in. Next, back off slightly on the control until
the relay drops out. A nearby 2-meter r.f. signal
picked up by the receiver should now cause the relay
to pull in. Adjust the antenna tap for maximum re-
ceiver sensitivity.

Converting the BC-1066 to a

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
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super-regenerative detectors, tunable over the two
LF.F. bands. The weak pulses of the detectors were
picked up by the LF.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 144 Mc. and 220 Mc. amateur
bands. A panel switch (I-band: G-band) selects the
audio output of either detector. The audio is ampli-
fied by the 1D8-GT tube.

The BC-1066 can be converted to
a sensitive receiver for the ama-
teur 144 Mc. and 220 Mec. 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, %-watt resistor to ground.

The G-band receiver can be tuned up to the 220
Mec. band by adjusting the padding capacitor, and the
I-band receiver will tune to 144 Mec. with a simple
adjustment of the padder capacitor. The BC-1066
draws only a small amount of current, and a size D
cell, plus two small 67%-volt batteries will last for many
months. It is an excellent receiver for “Field Day”
or any portable v.h.f. use. Two %-wave whip antennas
mounted atop the case and link coupled to the respec-
tive tuned circuits will be satisfactory for portable
work.

Conversion to a
V.H.F. Receiver

Conversion of R-9/APN-4 for
115 Volt A.C. 60 Cycle Operation

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 which 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 without auxiliary equipment. The 1400-volt supply
in the receiver for the Loran ‘scope tube is not used.

Check off each step as you do the

conversion.

1—Remove J-104 (red) from the
panel and install a phone jack in its hole. Solder
the center wire of the coaxial cable to the tip con-
nection of the jack.

2—Remove the wires from the “Filter In—Out” switch.
Splice the wires together near the 6SL7 socket.
Tape the wire joint.

3—Cut away the wire between pin #8 of 6SN7 socket
and pin #1 of 6SL.7 socket.

4~Remove J-103 (blue) but leave its wire. Install in
its hole a 3K potentiometer. Connect the wire to
the center terminal of the potentiometer, and
ground one other terminal. This is now the audio
volume control.

Receiver Section
Conversion

Power Supply Section
Conversion

1—Remove J-102 (yellow)
and switch S$-103 (line
voltage).
2—Remove the wires between pins #3 and #4 of
J-106 and the power switch.
3—Unsolder the black wire (which goes to terminal
#1 of T-105) from standoff insulator and resolder
to terminal #3 of J-106.
4—Remove the white wire from terminal #3 of T-105
and connect terminal #3 of T-105 to pin #4 of
J-106. Tape the end of the white wire.
5—On T-105: Move blue (blue-red on R9-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 spare fuse holder to one side
of old “Filter Out—In” switch. Solder white wire
which went to S-103 to other terminal of old
“Filter Out—In” switch.
7—Remove blue wire from end-lug of F-101 and con-
nect in its place the white-black lead which used
to go to the line voltage switch. Tape the blue
wire end.
8—Remove the voltage control potentiometer R-121
together with its series resistor and re-install in old
line voltage switch mounting hole. Ground the
loose end of resistor R-128.
9—Move red-black wire from terminal #2 of T-104
to the point on the terminal board where blue
(blue-red on R9-B receiver) wire from R-121
originally terminated (see step 5). Solder the
other end of this red-black wire (find correct one
of two) to potentiometer R-121 in its new location.
10—Connect center terminal of R-121 to point on ter-
minal board where green wire was connected.
11-Install switch S-103 in J-102 hole. Run wire from
the center terminals to terminal =12 of T-104.
Comnect lower pair of terminals to “hot” lug of
pilot lamp receptacle.
12—Protection from heavy current surce must be used
in series with primarv winding of power trans-
ormer. Place three 200-watt. 115 volt light bulbs in
series with the line, using primary terminals #1
and #3. Safe operating voltage for the transform-
ers is indicated by a voltage of 5% across terminals
#12 and #13. Ninetv-cight to 100 volts should
be indicated across terminals =1 and #3 for good
operation.

Converting the MBF Transmitter-
Receiver for 6 Meters

The Navy MBF transmitter-recciver (Navy type
COL-43065) is designed to operate in the 60—80 Mec.
range. It will operate from 115 volts, a.c. or d.c. The
MBF has crystal controlled receiving and transmitting
channels, but mav be converted for manual receiver
tuning. The schematic of the MBF is shown in figure
50. The following tubes are used, with their filaments
connected in series-parallel across the 115 volt line:
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Figure 51
A—Maodified oscillator circuit for MBF receiver section
B—Modified r.f. circuit for MBF receiver section
C—S-meter circuit modification

Transmitter tubes
V-101-Transmitter oscillator, 6C4
V-102—Frequency multiplier, 6C4
V-103—Second multiplier, 6C4
V-104—R.f. power amplifier, 28D7

Receiver tubes
V-108—R.f. amplifier, 6AK5
V-109—Mixer, 6AK5
V-110—5.3 Mc. i.f. amplifier, 6AK5
V-111-5.3 Mec. i.f. amplifier, AK5
V-112-5.3 Mc. i.f. amplifier, 6AKS
V-113—Injection frequency multiplier, 6C4
V-114—Injection crystal oscillator, 6C4
V-115—A.v.c. amplifier, 6AQ6
V-116—Second detector, 6C4
V-117-Squelch amplifier, 6AQ6
V-123—Noise limiter, 6C4

Modulator and Power supply
V-105—A.f. amplifier, 6AQ6
V-106—A.f. driver, 6C4
V-107—Modulator, 28D7
V-118—Rectifier, 2576
V-119—Rectifier, 2576
V-120—Modulator, 28D7
V-121—Not used
V-122—Relay rectifier, 6C4
V-124—Relay rectifier, 6C4

Receiver Modification First, remove the MBF from
for 50 Mc. Operation the case, and set it on end

with the receiver section up.
Remove the screws and cover which is over the first
two receiver stages. The long bar on the back should
also be removed. This bar connects the receiver
chassis to the transmitter chassis. There are also sever-
al bolts holding the receiver chassis to the main chassis
which should be removed. Place all of the nuts, bolts,
and washers in a safe place as you will need them
later. Now the receiver chassis is loose with the excep-
tion of the wiring passing through a grommet to the
main chassis. Do not turn the equipment on when dis-
assembled, for if the chassis touches the front panel
you will either blow 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 form. Remove the solvent from the coil
form bolts, and it will be easier to remove the coil.

The second 6C4 (V-113) will now become the tun-
able oscillator for the receiver. The new oscillator
circuit is shown in figure 51A. Compare it with the
existing circuit of figure 50. First, take the 100K 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-113. Remove the wire from pin #7 and clip it off.
Remove capacitor C-146 attached to the coil and to
tuning capacitor C-166. Now, take out the plate coil,
L-113. This coil has 5 turns. Remove the wire, and
rewind it with similar size wire, 8 turns tapped approx-
imately one turn from the bottom. Leave the coil wire
ends long and run them through the eyelets on the coil
form, the bottom wire about 1” long, and the top wire
about 3" long. Put the new coil back in place and re-
wire as shown 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 variable capacitor. The plate terminal of V-113
is attached to the top of the tall stand-off insulator,
which is bypassed to ground with capacitor C-146
which was removed previously. Make sure that one
terminal of the variable capacitor is grounded, and
that pin #7 of the socket is not grounded, but re-
turns to the coil tap. This completes the oscillator
conversion.

The rf. input circuit is converted next. The an-
tenna coil L-111 is tapped. It is near the r.f. amplifier
tube, V-108. Note where the coil leads go, then re-
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QRIGINAL CIRCUIT MODIFIED OSCILLATOR C/IRCUIT

6C4 6BH6
C101 Viot Cio2 Vo Cio2
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S
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(REWOUND)
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CERAMIC

ORIGINAL SOCKET J101 MODIFIED WITH PL-68 JACK

Tio1

N —
SR
RowN 5 " v—.——-» RED WIRE
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(RELAY CONTROL)

1.5 voLT - L
BATTERYI

©
Figure 52
A—Original MBF transmitter oscillator circuit
B—Modified oscillator circuit for use with
surplus crystals
C—Replacement of socket J-101 with micro-
phone jack

Risaz2 2 waos

move the coil. Unsolder the connections carefully, as
they must be replaced later. Unwind the 5 turns on
the coil, and replace with 7 turns of similar size wire,
bend the ends around the eyvelets and solder. Leave
the hole open in the eyelets. Replace the coil. The
bottom terminal goes to pin #1 of socket V-108, and
to tuning capacitor C-123 and padding capacitor
C-189. The top goes to the other side of the tuning
capacitor, and to C 124A, and R-117.

The antenna lead is terminated near the coil at a
stand-off insulator. The capacitor {C-168) attached
to the insulator now goes to the top of a new two turn
coil wrapped over the top turns of coil L-111. Use
insulated wire for the new coil, and ground the free
end to the chassis next to the coil form. Use a hot iron,
and don’t damage coil L-111. See figure 51B.

The final modification in the receiver r.f. section is
to modify mixer coil 1.-118-119. Both coils are wound
on the same form. Remove the form, remembering
where the connections are attached. The coils have 4
turns each. Remove the windings, and rewind with
similar size wire, 6 turns each. Replace the coil, and
solder all leads.

Other Receiver
Modifications

1-The “Press to cut Squelch”
switch {S-105) should be changed
to a d.p.dt toggle switch. The
wires to the top two terminals should be interchanged
with the wires to the bottom two terminals on the
new switch to make the panel markings read right. Be
sure not to cross-connect the wires.

2—Remove the two brackets on the panel holding
the cover over the receiver tuning capacitors.

3—It is easy to make meter position #1 a “S-meter”
for the receiver. Remove the green lead attached to
pin #7 and R-144 of socket V-114. Connect this lead
to the cathode (pin #2) of the first i.f. tube socket,
V-110 through a series resistor of 1K. Shunt cathode
resistor R-123 with a 470 ohm, %-watt resistor (figure
51C).

The receiver chassis is now remounted to the front
panel. Remember to replace the phenolic insulator
the right way with the bolt holes in the right place.
Make sure the front panel mounting screws do not
touch the chassis since there is a potential difference
between the two.

Place a short antenna on the receiver
(use J-103), and tune the oscillator
tuning capacitor until vou hear a sta-
tion. You can probably hear TV channel 2 or 3 (a
strong, a.c. buzz ). Peak the other stages by ear. If you
hear nothing, check your squelch switch.

Testing the
Receiver

Transmitter Modification
for 50 Mc. Operation

The original MBF cir-
cuit uses expensive high
frequency crystals. In
order to employ the plentiful 6 Mec. type FT-243 cry-
stals, the oscillator circuit must be modified as shown
in figure 52. A 6BH6 regenerative oscillator replaces
old oscillator tube V-101 (6C4). The new tube has
the same filament current as the old for proper series
string operation. Terminals #3, 4, and 7 are un-
touched. and terminal #2 of socket V-101 must be
grounded. Terminals #1, 5, and 6 are rewired as
shown in figure 52B. Plate coil 1-101 tunes to the sec-
ond harmonic (12 Mec.) of the crvstal and is rewound
with 26 turns of #26 e. wire. The multiplier stage
(V-102) now should tune to the 24—-25 Mec. region.
Coil L-102 should be altered to 17 turns of =22 e. wire.
Space the turns to grid-dip to 25 Mc. The second
multiplier tube (V-103) doubles to 30 Mece. Rewind
L.-103 to 18 turns, center-tapped. =14 e, wire, %-inch
diameter, turns spaced one wire diameter. Adjust
spacing to grid-dip the circnit to 51 N,

The plate coil of the pushi-pull 25D7 is modified to
8 turns, center-tapped. =14 . wir. one-inch diame-
ter, turns spaced two wire-diwmeters. Adjust spacing
to grid-dip to 31 Mc. The new antenna coil, L-109 is
3 turns, #12 e. wire. one-inell dianeter, turns spaced
one wire diameter. This completes modification of
the r.f. circuitry.

Miscellaneous Transmitter 1—Change socket J-101
Modifications to a PL-68 micro-
phone jack mounted

on an insuluting plate. Remove the two back
wires from terminals =1 and #2 of transformer
T-101. Tape cach wire. Run a wire from the
PL-68 sleeve contact to terminal #1 of T-101, and
another wire from terminal #2 of T-101 through
1%-volt flashlight batterv to ground. Tape the tube
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shield next to the microphone jack to keep it from
shortening out (figure 52C).

2—Place a 10 pfd. 25-volt electrolytic capacitor across
cathode resistor R-111 (4.7K) of tube socket V-105
(6AQG6). Positive terminal of the capacitor goes
to pin #2 of the socket.

3—Parallel audio coupling capacitor C-119 with a
0.01 pfd. ceramic disc capacitor.

Convert Your Surplus 24-Volt
Dynamotors to 115 Volt A.C. Motors
You can convert almost any 28-volt dynamotor to

a 115-volt motor by the following changes: Remove
the brushes from the motor end of the dynamotor.
Next, move the two field wires from the motor end to
the generator end, and connect them in parallel with
the generator field winding. (You have a fifty-fifty
chance of guessing the correct polarity of the connec-
tions. If the motor does not run, reverse the motor
field connections.) Finally, connect a 115-volt line
cord across the field coils and generator brushes. You
might have to drill and tap the shaft for an extension
if it is not long enough to fasten a coupling to it.
Your converted motor does not have as much torque
as a standard motor, but it may be used for turning
fans, grinding wheels, etc.

Adding a Tuning Control to the
R-28 /ARC-5 V.H.F. Receiver
The R-28 'ARC-5 receiver is a ten tube superhetero-
dyne covering the frequency range of 100—156 Mec. in

four crystal controlled channels. The receiver requires
24 volts a.c. for the filaments, and 250 volts at 75 ma.
plate potential. The complete schematic of the re-
ceiver is given in figure 54. It is a very simple matter
to change the crystal controlled oscillator to a tunable
oscillator for 144 Mec. reception. The receiver can
thereby be used for general 2-meter reception.

First, remove the sides and top cover, and the
oscillator compartment covers. Locate the crystal os-
cillator stage, V-108. Connect a 100 pufd. mica capa-
citor from the junction of coil L-111 and R-152 to pin
#4 (grid) of socket V-108 (12SH7). Install a variable
10 ppfd. tuning capacitor in series with a 3—30 uufd.
zero temperature coefficient ceramic variable capa-
citor. Ground the rotor of the variable capacitor to
the chassis. Connect the free terminal of the ceramic
capacitor to pin #8 of socket V-108 (plate). The 3—30
upfd. capacitor acts as a bandspread capacitor so that
the 144 Mc. band can be spread across the full dial of
the 10 ppfd. tuning capacitor. When the ceramic ca-
pacitor is fully meshed, the tuning range of the receiv-
er is 140—150 Mc. Converted in this manner, the oscil-
lator acts as a tunable oscillator in the region of the
original crystal frequency. The succeeding multiplier
stages increase this frequency up to the region re-
quired for local oscillator injection. Set the receiver to
channel B or C for optimum 2-meter reception. The
automatic tuning unit mayv be reworked as described
in the section of this book dealing with the T-23/
ARC-5 transmitter.

Figure 53
R-28/ARC-5 V.H.F. receiver may be
used for 2-meter reception. Recep-
tacle J-103 is at bottom of front
panel. Dynamotor space is at rear
of receiver deck. Approximate tun-
ing of receiver is indicated by edge-

dial at top of panel.
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SCHEMATIC, R-28/ARC-5 RECEIVER

—

~ ]

2.

M200 1005 | U B0 QT AR l
T TS 1ndIno_OrNY - . '
g TNNIRGS VS RN i; |
[ YN0S RV vy " 00 ~ |
s €
| B3
s :Eg, Am:l. C LAl ; mmﬂmo |
o ouw ;"!3*_ — gi; AN i :
1 [ B4 %3 | s
[Sh e LTI MLER - { e 53| 53 |
Thos div .uw._i‘
ANNOS 1§10 N N AN 9810 g M XD l
" 0162y ﬁgzz oMLY Wi £ T |
~ e %10 2§ |
t; =l SMes iy >§g
na i ™ €020 nNE &IV |
2,._‘ e e ILECUIE] |
HR |n-sug{:ws§ .b '
--------- g s i
cormgen| G0 | | | 28 , -
W Ao " :
oINS OIM oIp 43 | 3 & gggi | 8 TNNVIO, | 201 0 TINNYHD Pﬂl_ - |
J o T oy " oo fry | |8 Lt - ) 0 2 |
110 T Mw0x 9915 T200007 Rz Jw m300, 8w LB ovi| 03001 vy [ - @:} | x | 8
yfarmos T T o0 1 91l »z vego | h] el
5 O R 1" wloor v MO0 5510 | [voomo, ) ox b IR [
)
3} ;601 21300 €0 ! E é |
ol ) L
L o eso v ' =l
-| 4WNI00, O¥ID ' !
Ja
-ooo';z 921y l
4N 900 8% rg}% 1 = li-'_dj S '
H Tdby
M TR I
14 r———— il i | —
£, | - : SN §§1|" M
<" | Lt ML 2] e N k E
] V= I 1
LR LTI I ! ¢ 'W l s [ l| - E
. .
g CL i s~ o8 | ‘ N T"09''0en awz00 pei o i § i g " a
a0 \ 1
g:’s«l CIERCTN o 800 %0 | I : K II 1 l 5
L3k | i
| Rl : ]
15 (07 o § l : ' Fweoc ez I \
:‘.’,"' LN 560" ¥ 5 | T \
@[ AwoslED _ xocor ey [® « ! | f—— |
= M0 OFID = ‘ | ,‘ 1 i
o0& H 4
X 4 :
.~ M9I00 6210 LIy l i | : | @ ’1
s} - N . ‘ g
i B ]| ¥ .| ||
= amsoo'zn | S { : ) e
S gt I ' ' Wl e T
! PIUTS {?’m L L O , ] @ § |
& oo | i !
s’ 1)) |
B e k i oree i |
?3: ez 900 €219 | e : [
¢ L[ fmochiad © ook Tl [ | X H :
. | ! I
] | ! I
. | ' '
s R ‘ !
i LI i I
1
HHEEE ) )
| .
) e | 1 - '
—t i it 88 o N ' !
- _;:_‘ R S LOjoI 81 :
- e N 5e01y \ T i
" AMNG9 OV SO - '
S }_m—?.“? MO0 ¥iid : I : !
LW | | 4
5 N 01 1018 o 801y i 4-—1' : I
Y Rt womg i | SRR ! |
G~ vl L ' |
r ER) 000 so1d g { H '
g | e, sn200" 20D \ | : '
e Tan s 1 | l
i‘mﬂ:w‘ [l Jngs \ 1 J
[} | :
o : 1 «| @ 33
P 1 I L
« 1 ! ;5 !
| | 1 d4--1 HEE &
L—— |
S ;
an H
§§? d4——""] i 3] ‘
i T | D !
[
|
| il I
. :
g ! H ) |
g | :
ig i ¥ =z
e £ QE
3 ] .
4 - 3%




SurpLus Rapio CoNversioN ManuvaL, Vorume 111

51

V1ot Vioz Vioz Vios Vios

Vio V109

@ 6 VOLTS N
OR/BINAL MODIFIED
Vioe R143 Cisa Vier Vios .01 Vio7
2 2 L
Riag = 139
500 K==
voL. =
Riaa =
Figure 55

A—NModified filament circuit for 6 volt op-
eration, R-28/ARC-5
B-—Modified audio circuit

It is necessary to replace
all the 12-volt tubes with
their 6-volt equivalents for
6-volt operation. The 717-
A tubes have 6-volt filaments and are not changed.
The following wiring changes in the filament circuit
are made:

1—(Refer to figure 55A). Remove the wire from pin

Rewiring the Filament
Circuit for Six
Volt Operation

#2 of socket V-102 and connect this lead to pin
#7 of socket V-102. Ground pin #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 1K resistors connected between
pin #2 and pin #7 of V-103. Ground pin #2 of
V-108.

3—-Remove the wire from pin #7 of V-109 and con-
nect it to pin #2 of V-109. Ground pin #7 of
V-109.

4—Remove the two 1K 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 V-107 and connect
it to pin #2 of V-107. Ground pin #7 of V-107.

6—Remove the wire on pin #7 of V-106 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.

Modifications of
Audio Circuits

1—-Remove R-143 (1 meg.), C-154
(0.006 pfd.), and R-144 (0.47
meg.) in the grid circuit of
the 12A6 (V-107). Replace R-143 and C-154 with
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. i

2—Remove R-145 (1.5K) from pin #8 of V-107. Re-

Figure 56
TOP VIEW OF R-28/ARC-5 RECEIVER WITH DUST COVER REMOVED
Tuning system gear drive is at left, with crystal relays and crystal receptacles

at right. Dynamotor mount is at rear of receiver.
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place it with a 470 ohm, 1-watt resistor from pin
#8 to ground.
3—Remove output transformer T-101, capacitor
C-157, and limiter R-16B (all in plate circuit of
V-107). Replace T-101 with small 5K plate to
voice coil output transformer. Connect 0.01 pfd.
ceramic disc capacitor between pin #3 and pin
#4 of V-107 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 fil,
Pin #7: B-plus 230 volts.
Pin #6: 6 volt filament.
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-19/ARC-4 Receiver-
Transmitter for 2 Meter Operation
The RT-19/ARC-4 is a complete v.h.f. station cap-
able of operation on any one of four crystal controlled
frequencies in the 140—148 Mc. range. The transmitter
develops approximately 10 watts output over a 1
megacycle bandwidth without retuning. Crystals in

the 5.83—6.0 Mc. frequency range are employed. The
complete schematic of the ARC-4 is shown in figure
58.

Description of the The transmitter of the ARC-4
Transmitter Section consists of a crystal-controlled

oscillator stage (6 Mc.), fol-
lowed by three harmonic generators. The oscillator
(6V6-GT, V1-T) plate circuit is tuned to approxi-
mately 18 Mc. The second 6V6-GT (V2-T) doubles to
36 Mc., and V3-T (1614 or 6L6) doubles to 72 Mc. The
final multiplier V4-T (1614 or 6L6) doubles to 144
Mec. The rf. amplifier (V53-T) is an 832-A, which is
plate modulated by two class AB 6L6s (V6-T and
V7-T). A carbon microphone is used, and a push-to-
talk system is incorporated in the transmitter. The
transmitter is designed to be used with a 50—70-ohm
coaxial transmission line system.

The Receiver
Section

The receiver portion of the ARC-4
employs ten tubes and has two com-
plete r.f. input circuits connected to
a common i.f. amplifier. One input circuit ( “plane-to-
plane”) will be removed, and the other one (“plane-
to-ground”) will be reworked for 2-meter reception,
and provided with a tunable oscillator. The “plane-to-

Figure 57

UNDER-CHASSIS VIEW OF R-28/ARC-5 RECEIVER WITH DUST COVER
REMOVED

717-A tube is at left, with i.f. stage at center. Power receptacle is at rear
of chassis.
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ground” section employs a 6AC7 (V3-R) mixer, cou-
pled to three stages of 10 Mec. if. amplification (V4-
5-6-R) having a passband of about 80 ke. A 12SQ7
(V7-R) is used as an audio squelch tube, and a second
125Q7 (V8-R) serves as the second detector and audio
stage. Two audio output stages employing 12A6 tubes
(V9-R and V10-R) are provided. The output of V9-R
may be taken from pins 22 and 23 of the plug terminals
on the rear of the unit (500 ohm circuit), and the out-
put of V10-R appears at panel jack J1-R and pins #24
and 25 of the same plug.

A 6N7 double triode (V1-R) serves as a conver-
sion crystal oscillator and frequency quadrupler. A
second 6N7 (V2-R) acts as a tandem doubler to the
v.huf. conversion frequency.

Power Supply and The ARC-4 is powered from
Control System either 12- or 24-volts d.c., and

employs either a DY-9/ARC-1
dynamotor (24 volts), or a DY-10/ARC-4 (12/24 volt)
dynamotor. Neither dynamotor is required for the fol-
lowing conversion. The ARC-4 is designed to be re-
motely controlled from the C-51/ARC-4 control box
which has a channel selector and audio input and out-
put circuits. The control box is not required for the
conversion.

Crystals of the surplus FT-243 type are
used in this conversion. The two-meter
band requires crystals in the range of
6.0 Mc. to 6.16 Mc. For the Novice band, crystals
ranging from 6.045 Nc. to 6.125 Mec. should be em-
ployed. To make these crystals operate properly, two
capacitors in the oscillator circuit must be changed.
Remove C2-T (50 pufd.) (between pin #5 and pin
#8) on socket VI-T and replace with a 15 ppfd. mica
capacitor. Next, remove capacitor C3-T (400 ppfd.)
across oscillator coil L1I-T and replace with a 100 pufd.
mica capacitor.

Transmitter
Conversion

At the rear of the chassis on
the transmitter side are two
resistors:  R3-C (30 ohms,
marked Z30 W-I1.), and R32-T {200 ohms, marked
Z200). Remove R3-C from the chassis and disconnect
the white wire with red-yellow tracer connected to the
junction of the two resistors. Ground the end of R32-T
that was connected to this wirc. Terminals #19 and
7 on the rear chassis plug are connected together to
complete the circuit of R26-T and R32-T. This places
R32-T in series with R26-T, which is the modulator
cathode bias resistor. Next, the lead of R29-T is dis-
connected from the filament circuit and attached to
the terminal of R32-T (figure 60A). Both terminals of
R29-T are bypassed to ground with 50 pfd., 50 volt
electrolytic filter capacitors.

Microphone Voltage
for Transmitter

Receiver Audio
Modifications

A portion of the audio signal volt-
age from the microphone is fed to
the receiver audio section for the
intercom circuit. Disconnect the bare wire lead from
the grid (pin #5) of 6L6 tube socket V7-T that runs
to the terminal board adjacent to the tube, and con-
nects to resistor R28-T (250K). Now disconnect the
white wire with green tracer on the grid (pin #5) of
12A6 tube socket V10-R. Disconnect the white wire
with red-brown tracer that connects to the junction of
R47-1R and R47-2R (10,000 ohms), which is mounted
on the receiver side of the chassis. Now, connect a
wire from this center tap junction to the end of R42-R
(1500 ohms) located cn the side at the rear of the
chassis. The correct terminal is the one nearest the
rear. This removes the B-plus from the receiver audio
stages when transmitting.

A Sarkes-Tarzian M-500 silicon recti-
tier is used in the circuit of figure
E0B to rectify the filament voltage
tor operation of relay S5-C. The rectifier and filter
capacitor are mounted near the crystal sockets. The
two leads (white with blue-green tracer) that were
formerly connected to R3-C (30 ohms) are attached
to the positive terminal of the rectifier. The negative
terminal of the rectifier is attached to the 12.6-volt fila-
ment line through a 100 ohm resistor. A 500 ufd., 25
volt electrolytic capacitor is placed between the posi-
tive terminal of the rectifier and ground as shown in
the schematic drawing. Finally, remove the crystal
switching relays.

Relay Circuit
Modifications

Filament Circuit
Modifications

To operate the filaments from the
power supply, strap the following
terminals on the rear power re-
ceptacle plug in groups, as follows: Group 1: 1 and 2.
Group 2: 5, 6, 15 and 16. Group 3: 3, 4 and 19. Group
4: 28 and 18. Group 5: 8 and Al. Connect a 30K, 1-
watt resistor from pin #18 to A2. Filament voltage is
applied to pins Al and A2 (ground), as shown in the
power supply schematic (figure 65).

Receiver
Modifications

Remove the “plane-to-plane” chan-
nel tuning unit located in the center
of the chassis by unscrewing the four
10-32 machine screws beneath the chassis. Remove
the top cover plate of the first i.f. transformer FL1-R
and loosen the screw inside that holds the coaxial line
entering the top of the transformer. Pull up on the
tuning unit and it will come free. Take the sides off
the tuning unit and remove the 6N7 oscillator plate
coil L5-R. This coil may be identified by the great
number of turns on it. Also remove one of the 50 pufd,
ceramic capacitors in the unit. It will be needed later,
along with the coil. Finally, remove the plate holding
the auxiliary capacitors of the tuning unit from the
back of the ARC-4 panel.
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Figure 59
PANEL LAYQUT
OF CONVERTED
ARC-4, SHOWING
PLACEMENT OF
MAJOR CONTROLS

0-1 d.c. milliamme-

ter and selector
switch are at left of
tuning dial. Type
FT-243 crystal
mounts in holder be-
neath  dial.  Pilot
lamp, a.c. switch

and i.f. gain control
are above dial.

Coil L3-R is now mounted on the ARC-4 chassis,
about 65" behind the front panel, and positioned as
shown in figure 61. The bottom end of the winding is
grounded, and a 20 wufd. ceramic capacitor is connect-
ed across the winding. Conncet the coil to a 50 uufd.
ceramic capacitor which goes to the bottom end termi-
nal on the nearby phenolic strip as shown in figure
62. This coil converts the oscillator from crystal control
to a tuned-plate tuned-grid circuit (figure 60 C).

A clearance hole is now drilled throuch the chassis
near the second bottom terminal of the phienolic strip,
and a small ceramic feed-thru insulator is placed in the
chassis hole. The terminal of the insulator is connected
to pin =6 (plate) of the 6N7 wicket VI-R, behind
the phenolic strip.

About this stage of the cane. « new panel plate
should be cut and mounted i1 position on the front of
the ARC-4. Position of the main ¢ontrols can be seen

.
Ve-T TO *Mir £ CONTROL CKT =5
r~ 100 coiL
i Ti-1 W
- 128V —W
é h
A1+
i olie
< L Rogrdld =

el T
V-1 50 V. _1.50\/

L MICROFHONE
POWER LEAD

® ®

ORISINAL CIRCUIT WIS FIED CIRCUIT

Vi1-R - Vi-R
s BN 7

= 0sC. =

TUNING
i-R R1-R Ca—nj% %R7-R
TO METER B+
CIRCUIT

Figure 60

A—Microphone circuit of ARC-4. The microphone power lead to R32-T
may be removed and attached to cathode pin =8 of sccket V6-T to
raise modulation level if a low output carbon microphone (T-17 type)
is employed.

B—Rectifier system for relay control.

C—Revised receiver oscillator circuit. The 10 uufd. capacitor is tuned from
the front panel, as shown in figures 63 and 59.
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Vs-1
Rea-r 832A ORIGINAL CIRCUIT COAX AL
. . . . LEAD
NOISE sk ERONT, CENTER Ls-T ¥
PIN OF 20D 1.F. [ FROM >— = TC 1246

oane ol p 6-R AUDIO I X
TRANS €L2-F , DETECTOR STAGES 2 =
Rao-Rr / R1-T

NEW CRYSTAL
= SOCKET MOUNTED
C36-R ON PANEL

20 $L13-7
= FROM >—| TO 1248
T 3 2ND AUDIO
DETECTOR
NE-52 E STAGES
B+
T
i
/ : MODIEIED CIRCUIT
()
®) & © ®

Figure 62
A—I.f. gain control (labeled “noise’) for ARC-4
B—Small neon tube makes inexpensive modulation indicator. Neon lamp
is mounted in rubber grommet in panel. Capacitance to ground of
shell permits bulb to light (see dotted line).
C—Modified volume control circuit for ARC-4
D—Coaxial lead for transmitter crystal socket (see figure 61).

Figure 61
UNDER-CHASSIS VIEW OF ARC-4 SHOWING CASCODE R.F.
AMPLIFIER (RIGHT) AND MODIFIED RECEIVER OSCILLATOR
Coaxial lead to panel crystal holder passes along center of chassis. Silicon
power supply for change-over relay is at left.
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6BQ7A L3 Lo.1-R Ca6-R
To (—’
ANTENNA
RELAY
f § g ? C13-R

NOTE:
REMOVE CAPACITORS
C11-R AND C12-R IN -

, Li-L3= 5] TURNS #20E. ON
COUPLING NETWORK .

SLUG TUNED FORM,
1" oA, £ Lone

L2-L47 12 TURNS #22 E.
& pia, " Long

70 6.3V, (F/6.65)

Figure 64
CIRCUIT OF CASCODE R.F. AMPLIFIER
FOR ARC-4
Grid-dip coils L-1 and L-2 to center of 144
Mc. band. Shield is placed across center of
6BQ7-A socket to reduce coupling between
the coils (see figure 61). Link coils are 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
unit, and a National type MCN dial is mounted on the
panel. The shaft of the dial is about 4” from the top
edge of the panel, and about 4%4” from the left edge
of the panel. The dial drives a small 10 uufd. “APC-
type” variable air capacitor that is mounted on an
aluminum bracket placed about 4%” behind the front
panel (figure 63). The capacitor, therefore, is im-
mediately adjacent to the ceramic feed-thru insulator

STANCOR

P-8339 5U4-GB
PIN #17
ac W——sPiN#15
SW.
PIN#A1 (12V.)
i_:’:’/_ PILOT
cay TO 6BQ7A FIL.
GAN
PIN #A2 (GND
1 2 (enD)
1H5v. ny
Figure 65

POWER SUPPLY FOR ARC-4
Transformer is rated at 325-0-325 volts at
255 ma., C.C.S,, 5 volts at 3 amperes, and
12.6 volts, center-tap at 5.3 amperes. Pilot
lamp balances current drain of 6BQ-7A cas-

code tube.

mounted on the chassis deck. The capacitor is driven
by the dial through a phenolic rod and a shaft coupler.
The rotor of the capacitor is grounded, and the stator
is attached to the terminal of the feed-thru insulator.
The modified oscillator circuit is shown in figure 60C.

Panel Controls Various other controls are placed
on the front panel, as seen in figure
59. Across the top are (left to right) a 0—1 d.c. millia-
meter used as a tuning meter, an if. gain control
(250K, see figure 62A ), the a.c. power switch, and the

antenna loading capacitor, C10-T. Below this, at the

Figure 63

TOP VIEW OF ARC-4
SHOWING TUNING
CAPACITOR

The opening left by re-
moval of auxiliary tuning
unit is covered with alum-
inum plate. ""APC-type"”
tuning capacitor is
mounted to bracket atop
the plate, and connected
to oscillator circuit via
ceramic feed-thru bush-
ing. Oscillator coil is at
rear of capacitor, with
slug projecting through

chassis.
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left is the meter selector switch, receiver tuning con-
trol, and modulation indicator (figure 62B). The
transmitter amplifier tuning control is at the far right.
Receiver adjustment controls, transmitter crystal
socket, transmit switch, and phones and microphone
jack are placed at the bottom panel edge.

The 500K volume control has one terminal ground-
ed. Remove the wire connecting the grid of 12A6
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 wire). Con-
nect a wire 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 tube, as
shown in figure 62D. The shield is grounded to the
chassis at both ends of the conductor.

A Cascode Amplifier
for the Receiver

The sensitivity of the ARC-4
receiver leaves much to be
desired if stations beyond
the line of sight are to be worked. A simple 6BQ7-A
cascode amplifier may be built into the receiver sec-
tion that will greatly enhance the performance. The
placement of the amplifier can be seen in figure 61. A
small copper shield plate is mounted across the
6BQ7-A socket, and is grounded to pins #4 and 9
and the center stud of the socket. The neutralizing
coil L-3 passes through a %-inch hole drilled in the

shield. Coils L-1 and L-2 are 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 6BQ7-A
and the pilot lamp are wired as shown in the sche-
matic. All other filaments are wired correctly when
the rear power connector terminals are strapped as
previously described. It is necessary to insert a 750-
ohm, 20-watt resistor in series with the receiver B-
plus 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 oscillator. The slug of the

oscillator grid coil (L5-R) is ad-
justed to resonate the circuit to 8550 ke. (use a grid-
dip oscillator). The plate coil slug (L1-R) should be
adjusted so the receiver tuning capacitor tunes the
range 8.5 Mc. to 8.8 Mc. Set the oscillator to approxi-
mately 8.65 Mc. and tune the harmonic generator cir-
cuits for maximum meter reading as shown in figure
67. The slugs in these circuits are set very close to
the correct adjustment when you receive the ARC-4,
so do not alter the setting too much! With an antenna
on the receiver, you should now start to hear two-
meter signals. Adjust the three r.f. trimmers (lower
left corner of the panel) from left to right for maxi-
mum signal strength. One adjustment will hold over a
tuning range of about one megacycle. Finally adjust

Figure 66
POWER SUPPLY IS
INSTALLED IN
DYNAMOTOR AREA
OF ARC-4
Transformer is at left,
with filter capacitor to
right of tube. Extrg 20
utd., 450 volt capacitor is
added to output of supply
to reduce hum. Small
aluminum box is placed
over rear of rectifier tube
socket to prevent danger
of shock from terminals.
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RECEIVER TUNING CHART

METER POSITION

TUNING ADJUSTMENT
(TUNE FOR MAX. READING)

METER READING (0-1MA)

0SC. 6RID Li-r 0.2-0.86
2ND MULT. 6RID L2-r 0.1-0.14
3RO MULT. GRID L3-Rr 0.08-0.1
av.C. La-r MEASURE WITH VTVM

ON A V.C. BUSS

TR

ANSMITTER TUNING CHART

METER POSITION

TUNING ADJUSTMENT
(TUNE FOR MAX. READING)

METER READING (0-1Ma))

05C. 6RID —_— 0.2

18T MULT. 6RID Li-T — L2-T 0.3-0.5

2ND MULT. 6RID La-1 — La-7 0.3-0.5 i
3RO MULT. 6RID Ls-T 0.3-0.5
R.F. AMP. GRID Ce-T 0.25 ;
R.F. AMP. GRID Ls-T 0.25 E
R.F AMP. PLATE (b?;TREAD/NG) 0.5 ‘E

Figure 67
METER CHART FOR TUNING RT-19/ARC-4

the slugs of cascode coils L-1 and L-2 for best signal
reception.

The crystal is now plugged in the transmitter and
the multiplier circuits are tuned for maximum meter
current, as indicated in figure 67. Load the antenna
by increasing the loading capacitor (C10-T) and then
tune the r.f. amplifier stage for minimum dip. Repeat
until maximum loading is obtained while still observ-
ing a plate current dip.

Modern, TVYI-Proof Conversion of the
SCR-522 Transmitter

Many conversions have been shown for the BC-624
transmitter portion of the SCR-522 v.h.f. receiver-
transmitter. The conversion described in this section
is recommended for two and six meters, as it elimi-
nates the t.v.i. difficulties normally encountered with
this equipment. The unconverted transmitter is shown
in figure 68.

First of all, remove the transmitter from the cabinet
and strip off unnecessary components, such as the
tuning slides, etc. Move the power connector to the
rear of the chassis as shown in figure 69A. Make up a
power cable as shown in figure 69B, using #14 wire
for the filament leads, as shown. Next, mount a
S0O-239 coaxial connector near the tripler stage, as
shown in figure 69C, and run a coaxial lead from the
connector to the antenna link of the transmitter.

If a carbon microphone is used, it is necessary to
install four “pen-lite” batteries in series with the pri-
mary winding of the microphone transformer. Better
still, a crystal microphone can be employved with the
transmitter if the simple transistorized speech ampli-
fier shown in figure 70 is installed in the transmitter.
It is recommended over vacuum tube amplifiers since
there is less danger of audio feedback. A 1N34 diode
rectifies the filament voltage to deliver a small nega-
tive potential suitable for the transistor. Remove the
microphone transformer and connect the output of the
transistor amplifier to the “hot” terminal of volume
control #125.

Figure 68
THE
UNMODIFIED
BC-624
TRANSMITTER
SECTION OF
THE SCR-522
V.H.F.
TRANSMITTER-
RECEIVER
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BEND TAB OVER AND
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MOUNT S0-~239 ON 7 3/8* PILLARS.

A/amr 70 SIDE
[
FILS i [ BIAS MOUNT IN [
LINE WITH °
GND { f B84+ 1246'S P
USE STANDOFF
PILLAR
o
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0%y

WIRE WITH COAX, UP TO ANTENNA
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O

POWER SWIiTCH

CONNECTOR DETAIL — TOP VIEW

®

CABLE DETAIL- XMTR TO SUPPLY

LINK,
@:@

832
TRIPLER

4
HEAVY WIRES

ANTENNA CONNECTOR DETAIL

©

Figure 69
A—pPower plug modification for 522 transmitter, for use with a.c. supply

shown in figure 75.

B—Connecting cable between transmitter and power supply.
C—New coaxial antenna receptacle is mounted in corner of transmitter

chassis near 832-A tripler stage.

Install a 0.001 ufd. disc ceramic
capacitor across the filament
pins of each tube socket. By-
pass all leads on the power connector with 0.001 pfd.
disc ceramic capacitors. In addition, bypass each
meter lead with 1.5 KV, 0.001 pfd. disc ceramic capa-
citors. Use a meter with a metal case, or else cut a
section of a tin can to cover the rear of the meter if
a phenolic-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, %-inch holes should be drilled in the case to aid
ventilation. The completed transmitter, mounted on
a relay rack panel is shown in figure 71.

T.V.l.-Proofing the
Transmitter

Circuit Modifications The braid straps that con-
nect the plate terminals of
the 832-A tubes to the tank circuits should be removed
and replaced with copper strap. The braid gets warm

during operation of the transmitter because of the

2N105 os
CRYSTAL SUF 6 V. /x it
MIKE il
CONNECTOR i
= J, TO
22sg 2708 82 K 2180 K S4—0—+ 6557
] K = _J GRID
L VOL. CONTROL
= =oRIG. #125
IN34
_=.‘+ VWV TO 12.6 V,
- J_ . it \I: A.C
100 LF 2202 S22 500 UF == .001
15V, + KT 001 TK +] ™5V + Disc
1 Joise] ALL RESISTORS 0.5 WATT
Figure 70

SIMPLE TRANSISTOR SPEECH AMPLIFIER
PERMITS USE OF CRYSTAL MICROPHONE
WITH SCR-522 TRANSMITTER
Small amplifier may be mounted between
volume control and the microphone jack on
the inside of the chassis.

high r.f. resistance. Transmitter output increases when
the braid leads are replaced. Modulation is also im-
proved when the 12A6 audio tubes are replaced with
12V6-GT’s. No wiring changes are necessary.

A crystal-v.f.o. selector switch that may be in-
corporated in the transmitter oscillator circuit is shown
in figure 72.

To operate the 522 transmitter on six meters, the
following coil changes are necessary: Replace the
tripler (first 832-A) plate coil with a new inductance
consisting of 14 turns of #14 enamel wire, ¥” diameter,
and about 1%” long. The B-plus lead is attached to
the center of the coil. The antenna coil consists of 5
turns of #14 insulated wire wound over the center of
the plate coil. The tripler stage now acts as a six-

Figure 71
MODIFIED 522 TRANSMITTER IS
MOUNTED ON RELAY RACK PANEL
Case from BC-375 tuning unit is slipped over
chassis to complete anti-T.V.I. shielding. Ad-
ditional conversion information is given in Vol.
| of the ""Surplus Radio Conversion Manual.”
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V-F-0
INPUT SELECTOR
0 SWITCH
o ™o—
I— 10
i—
= 128-1
151-1

CRYSTAL

128-2

MOUNT THIS CIRCUITRY
IN POSITION FORMERLY
OCCUPIED BY CRYSTALS.

NOTE: 4 HEATH VF-1 CAN BE
CAN BE MODIFIED TO 8 MC, FOR
= USE AS A V.F.0.

Figure 72
MODIFIED TRANSMITTER OSCILLATOR
CIRCUIT PERMITS USE OF HEATH
VE-1 V.F.O. (RETUNED TO 8 MC.)
WITH 522 TRANSMITTER

meter amplifier, and the 832-A two-meter amplifier
tube is removed. Six Mec. crystals are used, and all
multiplier stages can be retuned for six-meter opera-
tion. See Volume I of the Surplus Conversion Manual
series for additional circuit modification information.

A

1M5V. v

_ +350V,
50 K
GREY. 25w
GREVZ
BRN
12.6 V.A.C.
GRN (AMPHENOL)
AR GRN-BRN
BRN.
L 50 MA.
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RECTIFIER 1K, 0.5 W
M—T e Ao — 140 V.
W YW
100 O _l —
0.5W EA.
+] 20UF [+
RED-YEL 450 V.
4 GRN= = =
T2 glvor USED
GRN T1- STANCOR P-8339

T2 -STANCOR PA-B42]
CHi-S74aNCOR C-1703

Figure 75

SCHEMATIC, POWER SUPPLY FOR

SCR-522 TRANSMITTER
Transformer T-1 delivers 325-0-325 volts at
255 ma., C.C.S,, 5 volts at 3 amperes, and
12.6 volts at 5.3 amperes. Transformer T-2
delivers 125 volts at 50 milliamperes. Choke
CH-1 is 4 henries at 250 ma.
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Eigure 76
LAYOUT OF PANEL FOR SCR-522
TRANSMITTER
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Figure 74
POWER SUPPLY
FOR SCR-522
TRANSMITTER
IS ASSEMBLED
ON AUXILIARY
CHAGSSES

See figure 75 for
schematic

The BC-312 and BC-342 Series Reccivers

The BC-312 and BC-342 series receivers are, with-
out modification, acceptable communications receiv-
ers. However, their performance can be greatly im-
proved for amateur communication work by making
certain modifications in various portions of the re-
ceiver. Any one of the changes or all the changes
may be made, each change adding a certain amount
to the performance and flexibility of the receivers.
The various changes will be treated separately so that
any one or all the changes may be made at the discre-
tion of the owner of the recciver.

If the receiver is a B(C-312, a
power supply must first be con-
structed. The BC-342 is equipped
with an integral 115-volt power supply but the BC-312
has a 12-volt dynamotor in place of the a.c. power
supply of the BC-342. Otherwise the receivers are
substantially identical. It will be assumed throughout
this and subsequent discussions that the owner of the
receiver has a copy of TM 11-850 or one of the other
instruction books on this series of receiver since these
instruction books were furnished with the receivers
or were generally available at the time the receivers
were sold.

The Dynamotor must first be swung out on its
hinges, and then the leads from the dynamotor to the
9-terminal connection strip removed. A power supply
such as shown in Figure 77 and diagrammed in Figure

Power Supply
for the BC-312

79 must then be constructed. The one illustrated em-
ploys a Signal Corps C-228 power transformer, which
is the same one as was used in the RA-20 power sup-
ply for the BC-342. A large number of these power
transformers have been available, but if one cannot be
obtained, any power transformer having a 630-volt to
750-volt center-tapped high-voltage winding, a 5-volt
filament winding for the 5Y3-GT, and one or two 6.3-
volt filament windings at 1.75 amperes or greater will
be satisfactory. If the transformer has two 6.3-volt
filament windings (such as the UTC type R-12) they
are connected in series to obtain the 12.6 volts neces-
sary for heater operation of the receiver. If the trans-
former has only one 6.3-volt winding an additional
very small 6.3-volt 2-ampere filament transformer must
be placed in the power supply and connected in series
with the 6.3-volt winding on the main power trans-
former to obtain the 12.6 volts. The junction between
the two 6.3-volt filament windings should be grounded
in the power supply.

One complication is introduced by the fact that
the dial-lamp circuit uses two 6.3-volt lamps in series
to ground, so that if the lead to the dial lamps is con-
nected to either of the hot 6.3-volt filament leads the
lamps will only receive half voltage. This may be sat-
isfactory, since the lamps give adequate light at this
voltage, or the two lamps may be connected in parallel
by removing the bezel that covers the two lamps and
rewiring them.
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Figure 77.

FRONT VIEW OF THE CON-

VERTED BC-312 RECEIVER

WITH THE POWER SUPPLY
ALONGSIDE.

The coaxial i.f. energy output fit-
ting can be seen on the panel in
the position formerly occupied by
the power connector. The switch
mounted at the bottom of the
vertical row of jacks is the noise-
timiter on-off switch, The power
supply is normally mounted re-
motely from the receiver and con-
trolled by the OFF-MYC-AVC switch.

The balance of the power supply is quite conven-
tional. The VR tube shown in Figure 79 need not be
used unless desired, but its use does afford improved
oscillator stability.

Voltage Regulation for
H.F. Oscillator

The high-frequency oscil-
lator used in the receiver
is quite stable, but when
operating on the 14-Mc. band there is some variation
in the tone of a c.w. signal when the r.f. gain is varied,
or when the line voltage varies as a 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 the plate supply voltage to the high-
frequency oscillator. The incorporation of voltage reg-
ulation on the oscillator requires that a lead be
brought out of the oscillator compartment for separate
plate-voltage feed to the tube. This operation requires
removal of the cover from the oscillator compartment,
and the removal of 30,000-ohm resistor Ry;. This re-
sistor is replaced by a 1000-ohm %-watt carbon resistor.
The r.f. stage chassis is then lifted back, after re-
moving the leads to the tube caps, and the plate-
voltage terminal coming out of the oscillator com-
partment is by-passed with a 0.002-ufd. postage-stamp
mica capacitor which can be placed flat against the
chassis below the terminal strip. The lead {for plate
voltage to the oscillator is then brought under the r.f.
chassis and down through the hole where the other
leads feeding the rf. chassis pass. This plate-voltage
lead then goes, of course, to the plate of the VR-105.

R.F. Changes The rf. system in the standard re-

ceiver is slightlv lacking in gain and
signal-to-noise ratio on the highest frequency range.
This condition can be checked by removing the an-
tenna lead from the receiver, turning the receiver wide
open on MVC, and then rotating the trimmer APC on

the first r.f. stage through resonance. Only a very
slight increase in noise level will be noticed when this
trimmer passes through resonance.

The most satisfactory way 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 with a 6SH7. It so happens that the re-
ceiver is laid out in such a manner that a single-ended
tube in the first r.f. stage gives much more direct
leads than the double-ended tube originally used. The
procedure is as follows:

Remove the tubes from the r.f. chassis and invert
the chassis as far as possible. Remove the leads from
pins 3, 4, 5, 6, and 8 of the tube socket for the first r.f.
stage. Remove the old cathode-bias resistor RS-164.
Run a 100-ohm 1-watt resistor from the small micarta
terminal block for the MVC lead to pin 3, and also run
to pin 5 a lead from the cathode by-pass section of the
capacitor block for the stage. Install an additional
0.002-ufd. postage-stamp mica capacitor as a cathode-
bv-pass from terminal 3 to terminal 1. Separate the
screen-voltage lead that went to terminal 4, shorten it
until it fits more neatly and solder to pin 6. Now run
the plate lead for the tube, which did go to terminal 3
and run it under all the wires near the heater end of
the socket and connect this lead to terminal 8. Remove
the lead which went to the grid cap of the 6K7, solder
a wire about 1% inches long to this terminal on the
main chassis, push the sub-chassis down as far as it
can go and still reach terminal 4 on the tube socket
with a soldering iron. and solder this new lead to
terminal 4. Then push the chassis back into place
gently, at the same time making sure that the grid
lead to the tube (terminal 4) keeps free of the chassis
and bends out toward the ganged tuning capacitor.

It will now be necessary to re-align the r.f. stages
of the receiver slightly (not the hf. oscillator how-
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Figure 78.
UNDERCHASSIS VIEW OF THE
RECEIVER AND POWER
SUPPLY,

The bent-aluminum chassis holding

the 7A6 noise limiter tube can be

seen behind the power-cable recep-

tacle. The added chassis is mounted
to the front panel.

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. stage is trimmed
through resonance will be found to be very pro-
nounced. If a tendency toward instability is encoun-
tered near maximum gain on MVC, re-trim the mixer
stage padders slightly until the instability disappears.
All these receivers have a certain amount of back-
lash in the vernier tuning control. In several receivers
the amount of backlash has been reduced to a very
small amount by carefully lubricating all the gears
with a small amount of vaseline, using a toothpick or
a matchstick to apply the lubricant. Then the back-
lash, which in the receivers mentioned was caused by
axial motion of the tuning-capacitor gang, can be sub-
stantially eliminated by careful adjustment of the ball
thrust bearing at the oscillator end of the tuning gang.
This bearing is inside the oscillator compartment.

I.LF. Amplifier The if. amplifier operates quite sat-
Changes isfactorily, but the action of the crys-

tal filter leaves much to be desired.
The reduction in set gain when the crystal filter is
switched into operation can be greatly reduced by the
following procedure: Remove the cover from the crys-
tal-filter transformer. Scrape the stud which serves as
a stop for the rotation of the crystal-phasing capacitor
and solder a very small wire to this stud and to the
small switch contact on the other side of the phasing
capacitor. Then turn the phasing control until the
moving contact rests firmly against the stud. Re-install
the cover of the transformer and align the slug which
comes out of the top of the crystal-filter transformer
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 when the crystal filter
is switched into the circuit will be very small.,

A further change in the if. amplifier was made in
the receiver shown 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.M. adapter, or another
external unit such as a single-sideband channel. The
change consisted in merely wrapping 7 turns of hook-
up wire around the form between the two if. 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 a soldering lug under the screw adja-
cent to the terminal from which the black wire was
removed. It may be necessary to ream the hole from
which the black wire was removed slightly in order
to be able to insert the insulation and the inner con-
ductor of the coaxial cable. The outer conductor of
the coaxial cable is grounded outside the transformer.
The coupling connector for the coaxial cable was
mounted on the front panel of the receiver in the
position formerly occupied by the power-cable cons
nector, which had previously been removed.

With the if. energy obtained from the panel co-
axial connector coupled to an external coil resonated
to the intermediate frequency 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 adequate to operate any of the acces-
sories mentioned in the previous paragraph.
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CONNECT TO THESE NUMBERS ON RECEIVER CONNECTOR
3 4 9 5 1 2 6 10 11 8 7 12
| 1 | lyumPER | ! | I 1 1 | |
7 8 J.
O Q ® ® ® G2}\[}0«.»70 SPEARER
KEY] RELAY
PL IN TRANSMITTER
@ T6 12 V. SOURCE
e CH _L_ Ry 3
TC, TcC2 TR
._‘—.
5Y3-GT
T
i (l: 115V.A.C.
P

POWER TRANSFORMER COLOR CODE: RED =110 VOLTS COMMON, BLACK = 120 VOLTS
FOR C-228 TYPE GREEN = 105 VOLTS
BROWN= 12 VOLTS, NO C.T. |
BLUE =12 VOLTS, SLATE WITH TRACER=C.T.
BLACK = H.V., YELLOW=C.T.

Figure 79.
SCHEMATIC DIAGRAM OF THE POWER SUPPLY UNIT.

The color code shown at the bottom of the drawing is for the
C-228 power transformer which may be available. If this trans-
former is not availeble a conventional power transformer having
two 6.3-volt windings may be used as described in the text.
Ci, Co—16-ufd. 450-volt elect. CH—15 henrys 100 ma.
T—700 v. c.t. 100 ma.; 5 v. 3 Ri—12,500 ohms 10 watts
a.; 63 v.3a, 63 v.3a
in series  with center
grounded. Or 12,6 v. c.t.

+—100,000 ohms 2 watts
S—S.p.s.t. a.c. line switch
F—3-ampere fuse

Audio System The audio system of the 312 and 342
Changes receivers leaves much to be desired.

There is inadequate gain for recep-
tion of weak signals on crystal filter, the frequency re-
sponse is quite poor (though intentionally so for mili-
tary use), and the harmonic distortion is severe. All
these undesirable conditions were overcome by the
relatively simple change in the audio system shown
in Figure 80. A 6BS diode-pentode was used to re-
place the 6R7 diode-triode previously used, and the
6F6 was replaced with a 6V6. Shunt feedback from the
plate of the 6V6 to the plate of the pentode section of
the 6BS was used to improve the frequency response
and reduce harmonic distortion. Also, the feedback
almost completely eliminates the hum in the audio
system of these receivers. The cathode resistors for the
two stages were left the same, but an additional 25-
pfd. 25-volt electrolytic was placed across the cathode
resistor of the 6B8 so that the gain control would
completely cut off the audio output when turned clear
down in the a.v.c. position.

The audio transformer that was used in the plate
circuit of the 6R7 is removed from the circuit but was
left in place since the space was not required and it
appeared to be difficult to remove. When a noise
silencer, to be described later. is to be used in receiv-
ers of the BC-342 series, it would probably be best to
remove this transformer and install the noise limiter

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 photograph of the BC-312.

If desired, the volume control and gain control
system can be left unmodified, in which case the green
wire coming from S,, is removed from the bottom end
of Ry on the Group 1 terminal board on the right out-
side wall of the chassis and run to the noise silencer.
The grid leak on the power audio tube Rj; is removed
and changed to a 470K % watt. Capacitor C4 has been
added to couple to a conventional 5000 to 8000 ohm
output transformer on the external loudspeaker. The
impedance ratio of Ts inside the set is 7:1 so that an
impedance of about 1000 ohms is required on the
speaker transformer if the audio output is to be taken
through transformer T,. Due to the voltage step down
in T, the secondary of this transformer was used to
feed the phones. The 60-ohm filament current equal-
izing resistor Ry; 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 6B8 to
insure that all the tubes will be operating at proper
heater voltage.

TO AVC AAA TO SPEAKER

A

Al
L Al
" W 4 Ce ;U
6K7 688 9 6V6 -
LASTLF, \ TO PHONES

COAX
FITTING

B+
_J_ O’FI N1 \+t+ 748
Ci S
Rz I R3
‘v"‘v ".'.v
RH%%RIZ AUDIO OUT
12.86 V.A.C
12.6 V. TO HEATERS SEND-RECEIVE SWITCH ON
C.T. GROUNDED IN PANEL IN SERIES W(TH C.T
POWER SUPPLY OF POWER TRANSFORMER 285
| o
JACK o —}B+105v. REGU-
LATED TO OSCIL-
LATOR
13V, =
SECTION RL 4 _—}-12 V. TO DIALLIGHT
OF SWi2 P
Fy l
T 2 3 4 %5 8 7 8 % 0 11 12

Figure 80.
CHANGES IN THE BC-312 RECEIVER

Unmarked components are already in the receiver and need not
be removed or replaced.

C;—0.1-4fd. 400-volt tubular
C.—25-ufd. 25-volt elect.
0.1-,fd. 400-volt tubular
C.—0.05-,fd. 400-volt tubular
C.—0.01-xfd. 400-volt tubular
C.—8-ufd. 450-volt elect.
Ri—100,000 ohms 1, watt

R:, R=—1.0 megohm 14 watt

R:, R;—470,000 ohms v, watt
R:—1.0 megohm , watt
R:—1.0-megohm potentiometer
R.—220,000 ohms V2 watt

R., R1t=—470,000 ohms 1, watt
Ri;, Riz—22 ohms 2 watts
RLi—Relay inside receiver
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Figure 81.
BC-348P RECEIVER, SPEAKER
AND POWER SUPPLY

The power supply is mounted in the
speaker housing.

A\

The noise silencer shown in Figure 80 has
been found to be very effective on the 14-
Mec. band, and on the 28-Mec. and 50-Mec.
bands when a converter is used ahead of the receiver.
One half of a TA6 tube has been used, and since this
tube draws only 150 ma. of heater current the heater
may be fed with a balance to ground by means 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 6ALS tube
could also be used for the noise limiter, but these lat-
ter tubes require 300 ma. of heater current. It is
possible that a 12H6 could also have been used, but
one has not been tried. Make sure that the return for
the noise limiter (the bottom end of C;, R; and R,)
is made to the cathode of the 6B8 and not to ground—
if the return is made to ground proper noise-limiting
action will not be obtained. A switch S; 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.

Noise
Silencer

It is a convenience in a communi-
cations receiver to have a separate
control for audio and rf. gain. 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 by a single %-megohm audio-
taper potentionmeter. Cy; and Rjs are removed, and
the low-potential end of the audio gain control is
returned to ground. The r.f. gain control leads can be
pulled down to the underside of the chassis and con-
nected to a separate 15,000-ohm r.f. gain taper rheostat
which can be placed either in the position formerly
occupied by the MIKE jack or just to the right of the

Gain Control
Changes

SEND-RECEIVE switch. The a.v.c. position of the
switch will still short out the r.f. gain control in the
conventional manner,

In the case of the BC-312 receiver as shown
the 9-terminal power-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 were brought out to a
12-contact Jones P-312-RP connector which was
mounted by means of a bracket to the rear of the
chassis. The receptacle was aligned with 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 switch is connected so that it is in
series with the center tap of the power transformer.
Since a 12-volt keying relay is used on the transmitter,
the antenna-shorting relay inside the receiver was
wired so that it closed every time the transmitter key-
ing relay closed.

Control
Circuits

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 communicaticns use in the amateur station,
but as in the case >f the BC-312/BC-342 series, there
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Figure 82,
REAR VIEW OF THE BC-348P
ASSEMBLY.

Showing the power supply mounted
in the speaker housing and the
octal power piug on the receiver.

are several minor modifications which may be made
to improve the performance and flexibility of the
equipments.

BC-348Q General

Information

The BC-348 series of receivers
may be operated with the heater
circuits unchanged from a 26-
volt a.c. supplv. But a power transformer with such a
filament winding is not readily available (although the
C-228 transformer mentioned in connection with the
BC-312 may be used with the filament windings in
series) so it is in most cases best to rewire the heat-
ers for operation from 6.3 volts. This means that one
side of the heater of each tube should be grounded
and the other side should be brought out as a com-
mon for feeding from the 6.3-volt line. In many cases
the original “seriesing” wires between tube sockets
may be used either for the grounded side or the hot
side of the heater circuit, requiring addition of fewer
wires and a solution to the problem of working in
cramped spaces.

The a.c. power supply for the receiver may be
mounted in the space formerly occupied by the dyna-
motor if space considerations and portability are very
important. However, this procedure is not desirable
from the standpoint of ventilation since an a.c. power
supply dissipates a great deal more heat than the dy-
namotor originally installed. The space is more useful
for additions to the receiver such as a noise limiter,
an extra audio stage, or a broad-band converter.

The external a.c. operated power supply may be
made somewhat oversize for operation of a frequency
meter or a converter or an additional station accessory.
In this event it is desirable to be able to ground the
negative lead of the plate supply, which is not done
on the BC-348Q. It is necessary to change the bias

circuits of the 6K6-GT audio stage and the 6SA7 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-watt resistor should be placed
in series with the cathode terminal of the 6K6-GT
audio stage. A 25-volt 25-pfd. electrolytic capacitor
should be placed across this cathode resistor.

About 1.8 volts of bias is used on the grid of the
6SA7 converter stage. To obtain this, resistor 108-1
in the oscillator 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 Iug. Upon this
lug may be mounted a standard miniature bias cell
with the positive side grounded and the negative side
to the lug.

Audio
Considerations

in the BC-348Q

Addition of a noise-limiter (see
Radio Handbook) will improve
operation in the presence of igni-
tion interference on the 14-Mec.
band and is almost a necessity for use of the receiver
with a converter on the 28-Mc. or 50-Mec. bands. The
addition of an extra stage of audio is also desirable,
especially for use with the crvstal filter on 14-Mc. c.w.
The added tube may be a 6SF3 triode with conven-
tional circuit values (see anyv standard reference), or
a 6S]7 stage with feedback may be added.

Difficulty may be encountered with the audio sys-
tem of the receiver after the addition of the audio
stage and the noise limiter due to the common cathode
resistor on the second detector and the third if. stage.
This trouble may be avoided by isolating these two
cathode circuits. The lead between the two cathodes
is removed and resistor 105 is either removed or short-
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ed. This leaves the third if. stage with resistor 102
and capacitor 61-4 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-ufd. 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 if. transformer 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.

Mechanical If a plug to fit the rear connector
Considerations 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 will
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 wired to the receiv-
er silencing circuit (terminals 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 dial
light control resistors 111 and 81 out of the circuit.

BC-348E, M,
and P Rececivers

Changes in this series of receivers
are generally the same as in the
(]), (N), and (Q) series of 348,
except that only the power audio stage must be modi-
fied when grounding the negative lead of the power
supply. Also, the second detector and third if. stage
cannot be isolated since they are in the same tube
envelope.

Figures 81 and 82 show a convenient method
whereby the power supply for a BC-348 series re-
ceiver may be mounted in the housing for the loud-
speaker.

A 120 to 140 Watt Modulator from the
BC-375 or BC-191

One way in which to solve the problem of making
good use of the BC-375E or the BC-191 is to dis-
assemble the tuning drawers for components, use the
housings for the tuning drawers as cabinets for ac-
cessory pieces of test equipment, and use the main
housing of the transmitter along with the audio trans-
formers 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.

The front cover has been removed to show the placement of
components on the new 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 211 grids, and
the audio transformers.

The clipper-filter audio amplifier and driver is
mounted in the housing for one of the tuning drawers
after all the rf. components had been removed. The
circuit for the speech amplifier is shown in Figure 86.
An additional panel was placed in front of the original
panel to cover the multitude of holes that had been
left by removal of the r.f. components. The clipper-
filter speech amplifier is quite conventional, ending
in a single-ended 6B4-G which acts as driver for the
211’s. Provision has been made in the input circuit of
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Figure 84.
REAR VIEW OF THE BC-375E MODULATOR.

the speech amplifier for both a single-button micro-
phone and a crystal-microphone input, with a switch
S to select either input circuit. The clipping level con-
trol R4, must be substantially full open for maximum
undistorted output from the 211 tubes in the output
stage.

Measurements of the complete modulator, with a
1250-volt power supply feeding plate voltage to the
211 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 145 watts was obtained with an
amount of distortion which would be quite tolerable
for amateur communications work. No heating of the
output transformer was noticed with 120 watts output
from the stage into a 7000-ohm load resistor over a
test period 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 ma. This represents an input
of 225 watts to the Class C stage, an amount which
may be modulated without difficulty by the modula-
tor unit.

AN/ART-13 Autotune Aircraft Radio
Transmitter

The AN/ART-13 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 very stably and puts out a cleanly modulated
or smoothly keyed signal when it is running about
200 watts input. The Autotune feature is a great oper-
ating convenience whether the transmitter is to be
remotely controlled or controlled from the operating
position. With the circuit modifications described
herein the Autotune system allows operation on 10 pre-
set frequencies throughout the 80, 40 and 20 meter
bands and one additional frequency in the 10 or 11
meter band. Operation with phone or c.w. on any one
of these frequencies is obtained simply by moving the
panel selector switch 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. may be set up
in the 28-Mc. band with an increasing reduction in
the frequencies available for lower frequency opera-
tion.
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Figure 85.
MAIN ASSEMBLY SCHEMATIC OF THE BC-375E
MODULATOR.
Ci—8-ufd. 450-volt elect. T:—700 v. ¢.t. 90 ma., 5 v. 3
C.—40-ufd. 350-volt elect. a., 6.3 volts 2 amperes
C:, C,—8-ufd. 450-volt elect. CH—12-hy. 90-ma. choke
R:—100,000 ohms V5 watt MA—0-500 d.c. ma. from 375E
R:—7500 ohms 10 watts
Y—Voltmeter from 375E
R:—5000 ohms 10 watts A
R.—50,000 ohms 20 watts S:—Phone c.w. switch from 375E
T.—Driver trans. from 375E S»-—Main a.c. line switch
T.—Mod. trans. from 375E §$.—S.p.s.t. test switch

Ts—10-volt 6.5-amp. fil. trans. 50;, SO—Twistlock receptacles
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Figure 86.

SCHEMATIC OF CLIPPER-FILTER SPEECH AMPLIFIER FOR THE BC-375E MODULATOR

C:—25-ufd. 25-volt elect.
C>—0.1-4fd. 400-volt tubular
C,—8-ufd. 450-volt elect.
C,—0.01-.fd. 400-volt tubular
C:—0.1-ufd. 400-volt tubular
C;—175-,ufd, mica

€7, Cs~—200-44fd. mica
Cy—0.01-4fd. 400-volt tubular

Ci—25-ufd. 25-volt elect.
C1i—10-ufd. 100-volt elect.
Ri—1.0 megohm Y%, watt
R:—1300 ohms 45 watt
R:—1.5 megohms V2 watt
R;—220,000 ohm 1, watt
R;—47,000 ochms V5 watt

R+—500,000-0hm potentiometer
R:~—100,000 ohms 1 watt
R\—100,000 ohms 5 watt
R+—100,000 ohms 1 watt
Ri10——330 ochms 15 watt

Ri1, R12—620 ohms V5 watt
R1;—47,000 ohms 1 watt

R1,—250,000-ohm potentiometer
Ri-—750 ohms 10 watts
Ti—Mike-to-grid transformer
T:—6.3 volts at 3 amperes
CH—3.5 to 3.75 henry choke
Ji—Crystal-mike jack
J:~—Carbon-mike jack

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 Mc. region.

The simplest way of converting the equipment is
to provide a source 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. However, due to the difficulty in ob-
taining components for a high current 26-volt d.c.
supply, it was deemed desirable in the conversion
portion to use a 4-amperc 26-volt d.c. supply for the
heater tubes relays and Autotune motor, and to supply
the filaments of the 813 and the 811 from filament
transformers.

The power supply unit shown in Figure 88 has
been designed and constructed especially for opera-
tion with the AN/ART-13 transmitter. In addition
to a complete set of control circuits the unit supplies
the following potentials to the ART-13 through the
power cable: 1250 volts at a maximum 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 blower and for the filament transformers for
the 811’s and the 813. The power supply is housed in
a standard cabinet which takes a 124 by 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 standard manufactured
items are not available. In certain cases it will be
necessary to have either the transformer or the filter
choke for the 26-volt d.c. supply made up especially

for the job. If a 10-ampere 26-volt output selenium
rectifier is obtainable it will probably be best to have
a 10-ampere power transformer and choke wound 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 lighted from d.c. or some of them
are lighted from d.c. and some from a.c.

Initial operation of the equipment at full input
for a period of time showed that considerable heating
takes place in the region behind the plate tank circuit
for the 813. It was therefore deemed desirable to in-
stall a cooling exhaust blower on the back of the
equipment. The particular blower used is a surplus
item but similar a.c. operated blowers running at ap-
proximately 1300 r.p.m. are available from the larger
hardware stores. With this blower in operation the
unit runs quite cool and overheating of components
is completely eliminated even with 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 for the transmitter with the filament trans-
formers for the 811’s and the 813 also included within
this box.

Control
Circuit

A time-delay relay which operates from
the 26-volt d.c. supply has been included
in the equipment to insure that all tubes
have reached normal operating temperature before
plate voltage is applied. If a 26-volt time delay is not
available, a 115-volt a.c. relay of the same type may
be used. Protective interlocks have been provided in
the power supply unit and in the actual cabinet for
the ART-13 transmitter. These two interlocks are con-
nected in series and in turn the two of them are con-
nected in series with the lead to the plate power relay
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Figure 87.

TOP OF THE CONVERTED
AN/ART-13.

The box containing the blower and
the filament transformers for the
813 and the 811's can be seen on
the rear alongside the small box
which holds the 6L6 multiplier for
the 28-Mc. band. The 28-Mc. tank
for the 813 can be seen inside the
Cabinet.

RY; 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 S;;, 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.w. 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 T, 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 pleasing 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 RYj closes

and the right-hand side removes the blocking grid bias
from the 813 by shorting the grid returm to ground
through Ry and CH,. These latter two components
in conjunction with Cs make up a very 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 receiver tuned to the
same band for break-in c.w. operation.

At the same time that RY; is closing, the other set
of contacts on this relay shorts the grid of the 6C5
to its cathode, causing full plate current to flow
through RYs and R;, thus closing RY;. When RYq
closes the antenna changeover relay in the ART-13
operates and plate voltage is applied to the transmit-
ter by RY;. Then when the kev is lifted RY; opens
so that plate current to the 813 is stopped, but due
to the time constant of the Ry-C; 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 Cq has
built up to such a value that RY; 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 normal setting is for about 3 seconds so
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Figure 88.
SCHEMATIC DIAGRAM OF THE POWER SUPPLY FOR THE AN/ART-13.
Ci, C:—4-,£d. 1500-volt R:+—10,000 ohms 10 watts CH;—250-ma. swinging choke RY: can carry about 8

capacitors Rs—100,000-ohm potentiometer
C;, Ci—4-,fd. 600-volt R—2.7 megohms 15 watt
capacitors R:—15,000 ohms 10 watts

R.—50,000 ohms 20 watts

R—15,000 ohms 2 watts

T,—1500 v. each side at 300
ma., 400 v. each side at
175 ma., common c.t.
(UTC PA-303)

T—5 v. 3 a., 2.5 volts 10 a.

T,—700 v. ¢.t. 70 ma., 5 v. 2 a.,
6.3 v. 2 a. (UTC R-2)

T:—35 volts at 5 a. (special)

Cs—10-xfd. 600-volt capacitor
C—0.5-4fd. 600-volt tubular
C:—0.1-pfd. 400-volt tubular
Cs—0.05-ufd. 400-volt tubular
Cs—4000-,fd. 50-volt elect.
C10—8-ufd. 450-volt elect.
R:—50,000-ohm 100-watt
bleeder
Rz, R3—22 ohms 2 watts

CH:—250-ma. filter choke
CH;, CH,—200-ma. filter chokes
CH;—0.05 henrys at 4 amp.

amperes and if 3 contacts
are available.)

RY,—28-volt d.c. time-delay re-

(special) lay (115-volt a.c. time-de-
CH—13-henry 65-ma. filter lay relay may be used

choke across primary of T3 if 28-
RY;——r-zla-;olt d.c. 4-pole d.t. volt relay not avail.)

ela

RY:—115-volt a.c. 2-pole relay

RY;—6.3-volt or 5 volt 2-pole
relay (RY: and RY:; may be
combined if contacts of

RY;—28-volt d.p.d.t keying
relay

RY—2500-ohm sensitive relay

Elimstat—A.c. line filter

that the plate voltage will remain on for the normal
short pauses in a c.w. transmission but will drop back
to the receive condition 3 seconds after a transmission
has been completed.

It is necessary to make a certain
number of modifications in the
various circuits of the ART-13 in
order to allow the equipment to
operate from the power supply unit described before
and illustrated in Figure 88. It is necessary first that
the meter switch circuit be changed in the following
manner: Remove ground from bottom end of Rin
(235-ohm resistor) and connect this end of the resis-
tor to terminal A. of Sio;. Remove the wire that now
goes to terminal By of Sio; and connect this wire to
terminal A, of Sio; along with the bottom end of

Changes in
ART-13 Control
Circuits

Ryi; above. This series of changes brings the grid
return of the 813 tube out to terminal 2 on the main
power connector Jios.

The following changes are required in the power
control circuits: Ground the lead inside the cabinet
which now goes to terminal 8 on Jios. Remove the
lead now going to terminal 14 of J;;5 which is mounted
on the side of the antenna changeover relay Kjoo. In-
sulate this lead. Now run a lead from terminal 8 of J¢s
to terminal 14 of J;16. A lead is now run from terminal
2 on the loading coil relay connector Jio7 to terminal
C in the power supply unit. This is the only lead
brought out of the transmitter which does not go
through the main power connector J;os.

The filaments of the 813 and of the 811’s should
be re-wired to operate from separate transformers
mounted on the rear of the equipment. One side of
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the filament may be left grounded on the 813 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 primary of the filament transform-
er and the cooling blower for the equipment should
now be connected to terminals 6 and 9 on J10s. These
terminals are supplied with 115 a.c. from the power
supply unit when the equipment is in operation. 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 vicinity of
the high-frequency/low-frequency relay Ki; whether
or not the 10-meter band is to be included in the
transmitter. In the first place the low-frequency choke
Loy may as well be removed from its present position
and C;»s mounted in the space formerly occupied by
Ligs. One additional hole must be drilled in the fire
wall of the equipment. It is suggested that a protective
interlock now be mounted in the position formerly oc-
cupied by Ciss 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 Jo5. The
interlock should of course be mounted in such a
manner that it is closed only when the cover is firm-
ly in place on top of the 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 Ty, may be removed after the leads have been
clipped by unscrewing it from the chassis. With the
installation of this additional milliammeter it is possi-
ble to read grid current and plant current on the 813
simultaneously.

The conversion of the ART-13
for 28-Mc. operation may be ac-
complished in several different
ways of varying difficulty. However, in converting the

Converting for
28-Mc. Operation

470, 2w, RESISTOR,
15T. N® 24 AROUND IT.

/ ‘L TT.N®14 3/4~
DIA. 17 LONG
1 Moo
-3 LUUF.

SOLDER TO S0LUFD. 220
Cit5-C 2w.
v

A

LA
R-100 £ 100K

Saw.

V[ 30 WUFD.
TO GRID OF 813 g 1]
t
OUT. OF EXCITER I
FROM S103 Cﬂﬁ” '
AN
S
i
TO CLOSE K-105 P A
o
6.3 V. TO 6L8 HEATER
—_— .
Figure 89.

SCHEMATIC OF THE 28-MC. MULTIPLIER STAGE.

unit shown 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 required
no changes in the exciter of the transmitter would be
best. So it was felt best simply to add a 616 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 multiplier in the ART-13 in the
9.0 to 10.8 Mc. frequency range. The plate circuit of
the 616 then may be tuned to any frequency between
27 and 32.4 Mec. for feeding excitation to the grid of
the 813 amplifier. In fact, if desired, the 6L6 may be
used as a doubler from the same frequency range to
deliver excitation to the grid of the 813 in the 21-Mc.
range.

The 6L6 multiplier is housed in 2” by 4” by 4”
standard metal “cabinet” which has been mounted
to the side of the cabinet which houses the blower and
the filament transformers for the 811°s and 813, S; in
the circuit diagram of the multiplier, Figure 89, may
be either a double-pole double-throw ceramic switch
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 the 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 will be
closed whenever the 28-Mc. band is chosen. Heater
voltage for the 6L.6 may be obtained from a small
transformer or from the supply for the 811's if they
are operated from a.c.

The circuit of the 6L.6 multiplier is otherwise quite
conventional except for the manner in which plate
voltage is obtained for the 6L.6 multiplier. Careful in-
spection of the circuit diagram of the ART-13 will
show that the 400 volts applied to the plate of the
1625 multiplier appears across only one section of the
padder capacitor Ciy5 at a time and only when that
particular section of the padder capacitor is in use.
Hence, by connecting an r.f. choke to padder capacitor
which is used to excite the grid of the 6L6 in the 9.0
to 10.8 Mc. range, 400 volts from the exciter power
supply may be obtained by filtering the rf. out of the
d.c. line with an r.f. choke and a by-pass capacitor. A
50-ppfd. mica capacitor is then used to excite the grid
of the 6L6 multiplier from the hot side of the r.f.
choke. In this way the 6L6 multiplier is completely out
of the circuit except when control A is in position 9.

The lead from coupling capacitor Cyy4 to the grid
of the 813 is broken and a lead brought out from each
side of the point where the connection is broken.
These two leads are then connected as shown in Fig-
ure 89 to the 616 multiplier unit. One set of contacts
on S, is used in addition to close K5, which switches
the plate of the 813 from the network used on the
low-frequency bands to the separate 28-Mec. tank
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Figure 90.
SCHEMATIC OF THE SIMPLE
LM POWER SUPPLY.

The 5-volt and 6.3-volt windings on
the transformer are connected in
series to obtain filament voltage
for the LM. Due to the light load
on the filament windings the fila- Meter.

ment voltage measures about 11.9
volts on the filament lead. This
value of voltage is well within the
filament voltage tolerance of the
heater tubes used in the frequency

rigure 91
PHOTOGRAPH OF
THE SIMPLE LM
POWER SUPPLY,

An LM frequency meter is
shown alongside the power
supply for comparison.

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 28-Mc. tank for the 813 con-
sisted of a 6-turn coil of number 10 enamelled wire 1%
inches in diameter and 1% inches long. 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 813 dips to
about 30 ma. on 28 Mc.

The two terminals which close K05 may be picked
up as terminals 7 and 4 on the connector J;;5 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 616
frequency tripler as shown it is possible to obtain half
scale on the grid current meter throughout the 28-Mec.
band; this represents about 8 to 9 ma. of grid current
on the 813.

Note in Regard
to the Output
Network of the ART-13

The output network of
the AN/ART-13 is de-
signed to operate as an
“L” network on frequen-
cies up through about 5 Mc. This is required since the
transmitter was designed to feed an antenna installed
on an aircraft which would have a very low radiation
resistance at these low frequencies but would have a
relatively 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. band. Hence it is desirable to
convert the L network into a pi network when operat-
ing on the 80-meter band. The simplest way to do
this is merely to place a capacitor of 100 to 400 pufd.
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 wufd. was best for
feeding a folded dipole with 300-chm twin line on
the 3.5-Mc. 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 will 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
Figures 90 and 91 illustrate a very simple power
supply for operation of one of the LM series frequen-
cy meters from the 115-volt a.c. line. Plate voltage for
the frequency meter is obtained from a small power
transformer with 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 the 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 two 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 LM under normal operating
conditions is 11.9 volts; this value of voltage is well
within the plus or minus 10 per cent heater voltage
limit on the tubes used in the equipment. Through the
use of a 6X5-GT rectifier, which has the heater well
insulated from the cathode, the rectifier may be light-
ed from the same filament windings, which light the
tubes in the frequency meter. No changes whatever
are required inside the LM frequency meter when it
is used with the power supply shown in these illus-
trations.

LIST OF EQUIPMENT
on which data is given in Yolume | of the

*’Surplus Radio Conversion Manual”

BC-221 Frequency Meter
BC-342 Receiver
BC-312 Receiver
BC-348 Receiver

BC-412 Radar Oscilloscope (Conversions for
TV Receiver and Test Oscilloscope)

BC-645 Transmitter-Receiver (420 Mc.)
BC-946B Receiver (Conversion to Auto Receiver)

SCR-274N (BC-453A Series) Receivers
(Conversion to 10-meters)

SCR-274N (BC-457 A Series) Transmitters
(Conversion to V.F.0.)

SCR-522 (BC-625) Transmitter (Conversion to
2 meters)

SCR-522 (BC-624) Receiver (Conversion to
2 meters)

TBY Transceiver (Conversion to 10 and 6 meters)
BE-103A Dynamotor
BC-1068A/1161A Receiver (2 meters)

LIST OF EQUIPMENT
on which data is given in Volume 1l of the

“Surplus Radio Conversion Manual’”’

ARC-5 (B-454) Receivers (Conversion to 28 Mc.)

AN/APS-13 Transmitter-Receiver
(Conversion to 420 Mc.)

ARC-5 (BC-457) Transmitters (Conversions to
28 Mc.)

Selenium-Rectifier Power Units
ARC-5 V.H.F. Transmitter-Receiver Operation
GO-9/TBW Transmitter (Conversion to 28 Mc.)

BC-357 Marker Receiver (Conversion to
Capacity Relay)

BC-946B Receiver (Conversion to
High-Fidelity Tuner)

BC-375 Transmitter (use with external V.F.0.)
TA-12B/C Transmitter Conversion

AN/ART-13 Transmitter (Conversion to A.C.
and 28 Mc.)

Coil-Winding Charts
AVT-112A Transmitter for Light Aircraft

AM-26/AIC Interphone Amplifier (Conversion
to 9-watt Amplifier)

LM Frequency Meter
Beam Rotating Mechanisms

ARB Receiver (Schematic only)
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Diagram continued on page 79

MTERNAL CONNECTIONS FOR
VIO, VIOI-2, V1013

TUBE TYPL 446-A

L 103~

HEATER P CCATHODE

SHELL
BASE VIEW SHOWING
PIN LOCATION

F--——-

|
R IIY-Z'

ARADS
M'CRO FARADS

Figure 93
RECEIVER UNIT, CPR-46ACJ, SCHEMATIC DIAGRAM
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SCHEMATIC, BC-659 RECEIVER AND TRANSMITTER

Diagram continued on page 81
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Figure 95

SCHEMATIC, BC-1335-A, TRANSMITTER - RECEIVER

Diagram continued on page 84
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Figure 95 (continued)
SCHEMATIC, BC-1335-A, TRANSMITTER - RECEIVER
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86 SurpLus Rapio CONVERSION

T-101
101 0405 70 0508 MC

v@—'fo:

l INPUT ® CHASSIS —|

—— —
SAW JQQTH

oos/»m-sc1

v-102

—_——

! m-jo1
now
23000 AsstuMaLY

C SENSITIVITY -
— e e—— — -®¢4_oo —

GANGED WITH )
VERT. GAIN § S- 4

|
L
|

WH RED

NOTES: w
A SWITCHES P
® CATHODE RAY OSCILLOSCOPE >
S-1 CHANNEL — 0.455 MC PANORAMIC ¢

R
SELECTO (®)— 5.25 MC PANORAMIC H

(© ——30MC MANUAL SWEEP

FILTER

—— OSCILLATORY INTERNAL SYNC 'Y
4 (HASSIS

X)— OSCILLATORY INTERNAL SYNC
S-2 SYNC (g)_scnvo INTERNAL SYNC
X

Diagram continued on page 87
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Figure 97
SCHEMATIC, AN/APA-10 PANORAMIC ADAPTER
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Diagram continued from page 86
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