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GENERAL DESCRIPTION
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| Section 1
GENERAL DESCRIPTION

GENERAL DESCRIPTION

1.1. GENERAL.

1.1.1. PURPOSE OF BOOK. - This instruction
book has been prepared to assist in the installation,
operation and maintenance of the Collins Model 51J
Radio Communications Receiver.

1.1. 2. PURPOSE OF EQUIPMENT. - Collins 51J-4
Recelver is designed for communication applications
where stability and dial accuracy of the highest
order are the prime requisites. Under normal
operating conditions, the receiver operates in the

range of 540 ke to 30.5 mc with a total setting error

and drift of less than 1 kc at any frequency within
its range. The receiver is designed for amplitude-
modulated and continuous wave reception, although
1ts accuracy and stability make it suitable for many
applications where it is desired to receive or set
definite frequencies without searching or making
frequent adjustments. This receiver incorporates
the new mechanical filter in the intermediate
frequency range to obtain the desirable rectangular-
shaped passband.

1.1.3. DESCRIPTION.

() MECHANICAL. - The 51J-4 Receiver is
available in two styles. One is a panel and shelf
assembly suitable for mounting in a standard rack
cabinet. Over-all panel dimensions are: width,
19 inches; height, 10-1/2 inches; and depth behind
panel, 13-1/2 inches. A dust cover that fits over
the top of the chassis is removable from the rear.
The other assembly is in a cabinet suitable for
table-mounting. Outside cabinet dimensions are-

~width, 21-1/8 inches; height, 12-3/8 inches and

depth, 13-1/8 inches. Available on special order

is a speaker that matches this cabinet. The speaker's

dimensions are: width, 13 inches; height, 11 inches:;
depth, 7 inches. The speaker, the cabinet of the
table-mounting assembly, and the front panel of the
rack-mounting receiver are finished in St. James
Gray wrinkle.

The following controls are located on the
front panel:

R- F GAIN CRYSTAL FILTER

AUDIO GAIN PHASING

BFO ON-OFF OFF-ON-STANDBY

CALIBRATE MEGACYCLE TUNING
ON-OFF (BAND SWITCH)

BFO PITCH KILOCYCLE TUNING

AVC ON-OFF ZERO ADJ

LIMITER OUT-IN METER OUTPUT-INPUT
ANT. TRIM CAL (100 K-C ADJUST-

CRYSTAL FILTER MENTS)
SE LECTIVITY FILTER SELECTOR

The operating range of 540 ke to 30.5 mc is
covered by 30 one-megacycle bands that are selected
by the band switch knob and indicated by a slide rule
dial having graduations of one-tenth megacycle (100-
ke) intervals. The main tuning control covers each
of these megacycle ranges with 10 turns of a 100
division dial calibrated at one-kilocycle intervals.
The receiver's frequency stability is consistent with
this finely divided calibration even at the highest
frequencies.

A four-ohm headphone jack and a 600-ohm speaker
jack are provided on the front panel. The antenna

connector, 50-ohm i-f output connector, breakin
relay terminals and four-ohm and 600-ohm audio
output terminals are provided-on the rear. A heavy
duty a-c power cord extends from the rear of the
chassis.

(b) ELECTRICAL. - When advantageous, the
Model 51J-4 Communications Receiver uses single,
double, or triple conversion in tuning the entire
frequency spectrum of 540 ke to 30.5 me. Nineteen
tubes, three of which are dual, are employed in the
receiver. With the exception of the rectifier tube,
all are of the miniature type.

The receiver r-f circuits tune from .5 to 30.5
mec, thus Band 1 is referred to as covering the range
.0 to 1.0 mec. However, the lower end of the
operating range is considered to be 540 ke rather
than 500 kc because of the questionable operation in
the extreme low end of the band where frequencies
approach the receiver i-f frequency of 500 ke.
Limited operation at the extreme low end is possible
with somewhat reduced performance.

The frequency range of the 51J-4 Receiver,
.0 to 30.5 me, is divided into 30 one-megacycle
bands by a system of switches and coils which form
the r-f amplifier and first mixer circuits. Band
changing consists of moving powdered iron "slugs"
into the coils in one megacycle steps until inductance
limits of the coils are reached, then changing coils
and repeating. Injection voltage for the first mixer
is obtained from the fundamental or harmonic output
of an oscillator, the frequency of which is controlled

1-1




Secfion 1
GENERAL DESCRIPTION

by one of ten quartz crystals selected by the
MEGACYCLE band switch. The main tuning control
is a vernier dial calibrated in 100 one-kilocycle
divisions. This control operates through a differen-
tial mechanism to move the band change "'slugs"

in the coils enough to cover the range between the
one-megacycle band change steps. Thus the Band
Switch selects coils and crystals and alsoi roughly
positions the tuning siugs. At the same time one of
the two ranges (1.5 to 2.5 mc or 2.5 to 3.5 mc) of
the variable i-f channel is selected and tuned along
with the r-f coils.

The crystal frequencies for the first mixer
injection are so chosen that the frequency produced
by the first mixer will always fall in the 1.5 to 2. 5
mc or 2.5 to 3.5 mc range of the variable i-f channel.

Exceptions to the operation just described are
bands 1, 2, and 3. Band 1 (.5 to 1.5 mc) uses an
intermediate mixer between the first mixer and the
variable i-f coils. This mixer accepts frequencies
in the range 10.5 to 11.5 mc from the first mixer.
A 12-mc signal developed by the crystal controlled
oscillator is applied to the first mixer to determine
these frequencies. The crystal controlled oscillator
also applies an 8-mc voltage to the intermediate
frequency mixer to produce a signal within the
range of the variable frequency i-f coils which tune
the 2.5 to 3.5 mc spectrum. Bands 2 and 3, which

cover 1.5 to 2.5 mc and 2.5 to 3.5 mc respectively,
are identical in span to each band of the variable i-f
coils and thus feed through to the second mixer
without utilizing the first mixer.

Following the variable i-f and the second mixer
are the crystal filter and a four stage fixed inter-
mediate frequency amplifier containing mechanical
filters. Conversion to the fixed i-f of 500 ke is
accomplished by injecting a 2 to 3 mc¢ signal from a
Collins 7T0E-~15 oscillator to produce a difference of
500 kc from the frequency existing in either band of
the variable i-f amplifier. Tuning of the 70E-15
oscillator is done by the "kilocycle' tuning control
in step with all other circuits.

Stability of the 70E-15 oscillator is assured by
temperature-compensated components operating in
a. sealed and moisture-proof housing.

Separate rectifiers are used to produce automatic
volume control and audio voltages. D-c amplification
of the automatic volume control voltage is provided
to obtain essentially uniform input to the detector.
Audio power output is held within 3. 5 db over signal
input voltage ranges of five to 125, 000 microvolts
at the antenna terminals. A series type noise
limiter clips modulation at 50-85 percent. This
allows good reception in the presence of strong noise
pulses.

1.1.4 EQUIPMENT SUPPLIED. - The following table lists the equipment supplied.

COLLINS
TYPE DESCRIPTION PART NUMBER

Instruction Book for 51J-4

Radio receiver complete with tubes, dust cover for rack mounting,
and one mechanical filter tobe selected from list below.

| OR
Radio receiver mounted in cabinet complete with tubes, dust cover,
and one mechanical filter to be selected from list below.

522~0144-096

522-0144-086

520-5014-00

1.1.5 ACCESSORIES AVAILABLE. - The following table lists theaccessory equipment available for the 51J-4.

COLLINS
TYPE DESCRIPTION PART NUMBER

Matching speaker (desk mounted)

Set of spare tubes for 51J-4

¥F500B-08
F500B-14
F500B-31
F500B-60

800-cycle plug-in filter for 51J-4
1400 cycle plug-in fiiter for 51J-4
3100 cycle plug-in filter for 51J-4
6000 cycle plug-in filter ifor 51J-4
Headphones, 600 ohm

1-2

Dual speaker (rack mounted) Panel space required is 7 inches.
Single speaker (rack mounted) Panel space required is 7 inches.

Cabinet for 51J-4 complete with mounting hardware.

522-0149-00

H22-8123-004
522-8350-002
505-5959-003
541~-1619-002

526-9007-00
526-9030-00
526-3008-00
526-9009-00
273-0003-00

- R I Y
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GENERAL DESCRIPTION

1.2. VACUUM TUBE TABLE.
The following table lists the tubes employed in the ciruits just described.

SYMBOL TUBE

DESIGNATION TYPE FUNCTION
V101 6 AKS Radio-frequency amplifier
V102 6BE6 First mixer
V103 6BEG Band 1 mixer
V104 6BAG6 Calibration oscillator |
V105 6 AKbS High-frequency crystal oscillator
V106 6BE6 Second mixer
V301 6BAG First 500 k¢ i-f amplifier
V302 6BAG6 Second 500 ke i-f amplifier
V108 6BA6 Third 500 ke i—-f amplifier
V109 6BA6 Fourth 500 kc¢ i~f amplifier
V110 12AX7 Detector and AVC rectifier
V11l 12AU7 AVC amplifier and i-f output cathode follower
V112 12 AXY Noise limiter and first audio amplifier
V113 6AQ5 Audio power amplifier
V1il4 6BAG Beat-frequency oscillator
V115 5V4 Power rectifier
V1le6 0A2 Voltage regulator
Vo001 6BAG6 Variable-frequency oscillator
V002 6BAG6 Oscillator isolation amplifier

i T e A pylghnlsben il

1.3. REFERENCE DATA.

OPERATING RANGE: 540 ke to 30.5 mc
TYPE OF RECEPTION: AM, CW or MCW
CALIBRATION: Direct reading in megacycles and kilocycles
TUNING: Linear tuning with uniform bandspread
FREQUENCY STABILITY: Dial calibration at room temperature is within 300 cps if the nearest 100 ke
calibration point is used to adjust the fiducial.
TEMPERATURE RANGE: -20°C to +60°C
SENSITIVITY: Band 1 - Less than 15 uv gives 10 db s/n
Bands 2 to 30 - Less than 5 uv gives 10 db s/n
SELECTIVITY: A complete chart of selectivity characteristics is given in paragraph 5. 3.7. of this book.
SPURIOUS FREQUENCY RESPONSE: Down at least 40 db

AUTOMATIC VOLUME CONTROL: Less than 8 db increase in audio power output with an increase in
r-f signal from 5 to 500,000 uv

S-METER: Meter calibrated in 20, 40, 60 db above AVC threshold and -10 to +6 db audio level with
6 mw as reference

NOISE LIMITER: Series type ahead of the first audio stage

AUDIO POWER OUTPUT: Band 1 - at least 0. 5 watt for 15 uv signal
Bands 2 to 30 - at least 0.5 watt for 5 uv signal

AUDIO FREQUENCY RESPONSE (Overall): %3 db from 200 to 2500 cps when 6 ke filter is used

AUDIO DISTORTION: Less than 10 percent at 0. 5 watt output

AUDIO OUTPUT IMPEDANCE: 4 and 600 ohms

I-F OUTPUT IMPEDANCE: 50 ohms

R-F INPUT IMPEDANCE: Designed to operate into a high impedance whip or single-ended antenna

POWER REQUIREMENTS: 85 watts at 115 volts 45/70 cps. Same power required when reconnected for
230 volt 45/70 cps operation

DIMENSIONS: Panel - 10-1/2 inches high, 19 inches wide, notches for standard rack mounting
WEIGHT: 43 pounds

1-3




Section 2
INSTALLATION

SECTION |
INSTALLATION

2.1. UNPACKING.

2.1.1. PROCEDURE. - Collins 51J-4 receiving
equipment is packed in a number of heavy cartons.
Refer to the packing slip for a list of all equipment
supplied on the order. Open cartons carefully to
avoid damaging the contents. Remove the packing
material, and carefully lift the units out of the
cartons. Search all packing material for small
parcels. Extra pilot light bulbs and fuses are sup-
plied with each equipment. Inspect each unit for
loose screws and bolts. Make sure that all controls
such as switches and dials work properly. All
claims for damage should be filed promptly with the
transportation company. If a claim is to be filed,
the original packing case and material must be
preserved.

2.2, INSTALLATION.

2.2.1. GENERAL. - The receiver should be mounted
in a standard rack. Outline and mounting dimensions
are given in fighre 2-1. The front panel is slotted
for mounting at 1-1/2, 3-3/4, 6-3/4 and 9 inches
from the bottom. Panel height is 10-1/2 inches and
panel width is 19 inches.

When choosing a position for the receiver, give
consideration to convenience of power, antenna and
oround connections, to placement of cables and to
convenience inservicing the equipment. Rear panel
connections are shown in figure 2-2.

2.2.2, ANTENNA CONNECTION. - Connect a cable
from a high impedance whip or a single-ended antenna
to antenna jack J101 on rear panel. If the receiver

is to be operated near a powerful transmitter, the

r-f input circuit should be protected by connecting
break-in relay K101 to operate when the transmitter
is radiating. Break-in relay connections are
described in paragraph 2. 2. 5. below.

2.2.3. AUDIO OUTPUT CONNECTIONS. - Two
audio output jacks are located on the front panel.
One is designated PHONES and the other SPEAKER,
their output impedances being 4 and 600 ohms
respectively. An audio output terminal strip is
provided on the rear panel. Terminal G 1s a ground

2-0

connection and terminals 4 and 600 are audio out-
puts of 4 and 600 ohms impedance respectively.
Terminal 600 is conanected in parallel with the
PHONES jack, and terminal 4 is connected in parallel
with the SPEAKER jack. Use these output jacks and
terminals as required.

2.2.4. I-F OUTPUT CONNECTION. - A 100-200
millivolt, 50 ohm 500 kc i-f output is available at
coaxial jack J104 on the rear panel.

2.2.5. REMOTE STANDBY CONNECTIONS. - Break-
in relay connections are available at terminal strip
E101 at the rear of the chassis. Terminals are
marked 1, 2 and 3. Terminal 1 is connected to
receiver ground. Terminals 2 and 3 are connected
to the break-in relay coil, which is rated at 12 v

d-c nominal and 135 ohms d-c resistance. During
operation, ferminals 2 and 3 are usually connected
in series with a source of voltage and a set of
normally open contacts on the carrier control relay
of a transmitter in order to silence the receiver
during transmission. When the break-in relay coil
is energized, one pair of contacts shorts the antenna
to ground; another pair, connected in series with a
section of the OFF-STANDBY-ON switch, removes
plate voltage from the three i-f amplifier stages.

In STANDBY position, the OFF-STANDBY-ON switch
also removes plate voltage from the i-f stages. See

figure 2-3.

2.2.6, POWER CONNECTION. - Make power con-
nection by using the rubber - covered cord that is
permanently attached at the rear of the chassis.
This cord is six feet long and is equipped with a
standard a-c plug. The power source must supply
85 watts at 115 volts, 45/70 cps. If 230 volt
operation is desired, reconnect transformer T108
by removing the jumpers between terminals 2 and 4
and between 1 and 3; then connect a jumper between
terminals 2 and 3.

2.2.7. TUBES. - Before turning on the equipment
for the first time inspect the tubes. Be sure that
they are in their correct positions, and that they
are firmly seated in their sockets.
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Figure 2-1. 51J-4 Mounting Dimensions

PHILLIPS

SCREW
DRIVER

ANTENNA
JACK
J=1Ql

500 KC

1.F
J..

OUTPUT
104

BREAK-IN RELAY
CONNECTIONS
& =101

AUDIO

CONNECTIONS

E-1D2

Figure 2-2,

51J-4 Rear Connections




Section 2

INSTALLATION
2.2.8. FUSE. ~ The fuse is located on the rear of straight up until the cap and fuse come free. This
the chassis., It can be removed for inspection by fuse should be the slow-blow type, with a rating of

turning the cap of the fuse post to the left and.pulling 1.5 amperes.

S- 301 -
| ST IF AMPLIFIER o 4 3RD IFAMPLIFIER 4TH |F AMPLIFIER
I-104. v-30lI e V-108 V=109
ANTENNA 6 3 MECH. 6 e
J10t FILTERS
TO ANTENNA TUNING I
COILS ANDRF AMPLIFIER L 1

S-113 POWER

S
L

y .
'_ .
: d\ 16 vouTage
o . O O & ECTIFIER
| STAND BY STAND BY
RECTIFIER
+elo HEATER
| F 10
R -
' ' 1SV
T-108 4570~
Figure 2-3. 51J-4 On-Off-Standby Functions and Remote Operation Relay Circuit
2-2
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SECTION Il

ADJUSTMENT AND OPERATION

3.1. ADJUSTMENT.

3.1.1. GENERAL. - Other than zeroing the S meter

no preoperational adjustments are necessary. Should

the S meter require zeroing, turn the receiver ON,
BFO OFF, AVC ON, and the 100 KC CRYSTAL
OFF; then turn the RF GAIN fully clockwise. Short
the antenna terminals; then turn the meter zeroing
control until the S meter reads zero. Refer to
figure 5-1 for location of this control.

3.2. OPERATION.

3.2.1. FUNCTION OF CONTROLS. - Operation of
the 51J-4 Receiver is exceedingly simple if the
functioning of the controls is understood. The
following paragraphs explain the functions of the
controls on the receiver's front panel.

(a) OFF-STANDBY-ON. - In the OFF position,
this control opens the primary power circuit to
turn the equipment completely off. In the STANDBY
position the power transformer is excited, thus
producing filament voltage tor all stages and plate
voltage for all except three i~f amplifier stages. In
the ON position the receiver is completely operative.

(b) RF GAIN. - The RF GAIN control is located
in the grid return circuit of the ave controlled tubes
and is operative at all times. It varies the amount
of fixed bias placed upon the grids of these tubes.

(c) AUDIO GAIN. - The AUDIO GAIN control
is located in the grid circuit of the first audio
amplifier and is operative at all times. It varies the
amount of a-f signal applied to the grid of this tube,
and thereby controls the amount of audio power pro-
duced by the receiver.

(d) BAND CHANGE. - Any one of the 30 bands
may be selected by 1/2 revolution intervals by
means of this knob. A stiff detent accurately posi-
tions the controlled switches on each band.

() MEGACYCLE. - The MEGACYCLE scale is
on the slide-rule type dial. It is calibrated in ten
100 ke divisions, each of which equals one full turn

of the circular KILOCYCLE dial. The 1.5 to 2.5 mc
and 2.5 to 3.5 mc bands are printed in red, indicating
that the red scale on the KILOCYCLE dial must be
used when operating on these bands. The pointer on
the MEGACYCLE dial is operated by the KILOCYCLE
control while the scale is changed by operation of

the BAND CHANGE control.

(f) KILOCYCLE. - The KILOCYCLE dial is the
main tuning control on the 51J-4 receiver., Each
division on its circular face represents one kilocycle.
One full turn of the dial tunes the receiver through
100 kilocycles, or one division of the MEGACYCLE
scale. To read the tuning dials, merely combine
the figures of the MEGACYCLE dial with those of
the KILOCYCLE dial, thus arriving at the frequency
in kilocycles. For example, a reading of 14.1 on the
MEGACYCLE dial and of 78 on the KILOCYCLE dial
indicates a frequency of 14178 ke. The KILOCYCLE
scale for the 1.5 to 2,5 and 2.5 to 3.5 mc bands is
in reverse order to the scale for the rest of the
bands, and is printed in red similar to corresponding
scales on the MEGACYCLE dial.

() ZERO ADJ. - The ZERO ADJ moves the
indicator line on the KILOCYCLE control a few
divisions in either direction for calibration purposes.
The receiver may be calibrated against either any
receivable station whose frequency is known or the
internal calibration oscillator. This oscillator emits
a harmonic every 100 kc in the tuning spectrum. An
example of how the receiver may be calibrated using
this oscillator follows. IH the desired signal is about
14100 ke, turn the 100 KC CRYSTAL ON and the
BFO ON with BFO PITCH control at panel mark.
Next, using the KILOCYCLE knob, tune to zero beat
with the 100 kc marker at 14100 ke. Then move the
ZERO ADJ control until the hair line is exactly on
14100 ke. The dial reading in this region is now very
accurate, and the receiver may be set within a few
hundred cycles of the desired frequency.

A ten division scale (five divisions either side
of center) is engraved on the lower edge of the
escutcheon opening for the KILOCYCLE dial and is
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RECEPTION EVERY Yo TURN

Figure 3-1. 51J-4 Operating Controls

used to log the calibrated position of the hair line on

the various bands in lieu of recalibrating each time
the band is used,

NOTE

WHEN READING THE FREQUENCY
OF AN INCOMING SIGNAL, THE BFO
PITCH CONTROL MUST BE LEFT

IN THE SAME POSITION AS IT WAS
WHEN THE RECEIVER WAS
CALIBRATED.

(h) METER INPUT-OUTPUT. - The METER
switch is a momentary spring-return type toggle
switch. In the normal or INPUT position the meter
is connected as an S meter. In the OUTPUT
position, the meter is connected in the audio output
circuit as a db meter.

(i) BFO OFF-ON. - In the ON position this con-
trol turns ON the beat frequency oscillator for CW
reception. In the OFF position, it grounds the
screen grid of the BFO tube.

(j) BFO PITCH. - The BFO pitch control varies
the frequency of the beat frequency oscillator to
change the pitch of the audio tone which is produced

by combining the BFO signal with the incoming
signal. A range of about £3 k¢ minimum can be
obtained with this control.

(k) CALIBRATE OFF-ON. - This switch is in the
cathode circuit of 100 ke crystal oscillator tube V104
and turns the 100 ke oscillator ON or OFF. For an
explanation of how to use the oscillator, see paragraph
(g) above,

() AVC OFF-ON. - This switch turns AVC ON
or OFF, In most cases AVC should be ON for both

AM and CW reception, but may be turned OFF for
CW reception if desired.

(m) LIMITER OUT-IN. - The noise limiter is
useful for both AM and CW reception. When noise
is not a problem, turn the LIMITER to OFF, as the
distortion will be less in this position. When noise
of the impulse type is being received, turn the
LIMITER to ON. Adjustment of RF and AF gain
controls is necessary for best CW noise limiting,

(n) CRYSTAL FILTER.

SELECTIVITY. - In position 0 of this control,
the crystal filter is not used and selectivity is
determined by the receiver's tuned circuits alone,
In position 1 through 4, the crystal filter is in the
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Figure 3-2. Tuning (A) a Conventional
Receiver; (B) and (C) the 51J-4
using the 3KC Mechanical Filter

circuit, the selectivity being increased as position
4 is approached. Position 4 gives a bandwidth of
about 200 cps at 6 db down.

PHASING. - The PHASING control is used to
reject unwanted heterodynes. When positioned on
the panel mark, the control is properly set for
crystal phasing with no rejection notch. If a high
frequency heterodyne is interferring with reception,
move the control back and forth near the panel mark
until the heterodyne is attenuated. If the heterodyne
is of lower frequency, move the control farther to
left or right of the panel mark. This control will
attenuate heterodynes ranging from 1 to 3 ke.

(0) METER. - The tuning meter is calibrated in
20, 40, 60, 80 and 100 db above AVC threshold when
reading r-f input. When reading audio output, the

meter is calibrated from -10 to +6 db, zero reference

being 6 milliwatts into a 500 ohm load.

(p) CAL. - If supreme accuracy is desired, the
frequency of the 100 ke oscillator should be checked
against WWV or some other station whose frequency
is known to be extremely accurate. This oscillator
frequency may be varied through small limits by
turning the CAL control with a screw driver.
Additional range can be obtained by turning C169,
located just behind the 100 ke crystal.

(C) SINGLE SIDEBAND
SIGNAL AS RECEIVED
ON 5iJ-4
A >
.F‘
< 51J-4 BFERREINSh%RTiON {
ELECTIVITY EQUENCY
CARRIER
CURVE 'f/ FREQUENCY V
, 51J-4
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(q) FILTER SELECTOR. ~ If the receiver is
equipped with the complete complement of three
mechanical filters, position 1 selects the 1. 4 kc filter,
position 3 selects the 3.1 kc filter and position 6
selects the 6 kc filter.

3.2.2., TUNING AM SIGNALS.

Conventional tuning is employed when using the 6
ke mechanical filter, however, when using the 3 kc
filter, the tuning techniques differ somewhat. Be-
cause of the flat top and almost vertical sides of the
pass band of the 3 kc filter it is possible to tune
either sideband of an AM station and reject the op-
posite sideband. Tuning '"'on the nose' results in
loss of the high frequency audio components with,
in most cases, a loss of intelligibility. Select the
sideband that contains the least objectionable adjacent
channel interference. See figure 3-2(B). When the
3 ke filter is employed, use the following procedure
to tune AM signals:

(a) Set up for AM reception: Power ON; operate
BAND CHANGE switch to desired band; BFO to OFF;
LIMITER to OUT; selectivity to O; AVC to ON;
select 3 ke mechanical filter; RF GAIN maximum-use
AUDIO GAIN for volume control.

(b) Tune in AM station - move dial slowly.

(c) Adjust ANT. TRIM for maximum "'S'"" meter
reading - (one setting for each new band usually
sufficient).

(d) Tune toward one side of the carrier being
received until '"'S" meter reading drops sharply.
Then carefully tune into the signal again until the ''S"

- meter reading increases to its former value and the

modulation is readable. The receiver is now tuned
to one sideband plus the carrier of the AM station.
If heterodyne interference is strong, tune to the
other side of the signal and listen to the opposite
sideband.

(e) I noise is severe, turn the LIMITER switch
to IN.

() If heterodyne interference is bad on both

- sidebands, tune to the better sideband and turn the

SELECTIVITY control to 1. Operate the CRYSTAL
FILTER PHASING control over its entire range (90°
either side of center position) to find the position at
which the heterodyne is weakest. With any crystal
filter there are some frequencies that cannot be
phased out. In the 51J-4 these occur at between 800
and 1200 cps. Generally speaking, turning the
SELECTIVITY control any higher in AM reception

3-3
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will not give an over-all gain in results because of
the loss in audio frequencies.

3.2.3. TUNING SINGLE-SIDEBAND SIGNALS.

The 51J-4 is used for single sideband reception
in much the same manner as is any other communi-
cations receiver. The transmitted signals carrier
must be reinserted at the receiver, of course, and
in the 51J-4, this is done by turning on the BFO.
Before attempting to receive single sideband signals,
calibrate the BFO following the procedure in
paragraph (a) below. After the BFO has once been
calibrated it will only be necessary to recalibrate
as component aging or extreme temperature
variations cause the BFO frequency to shift.

(a) Calibrating the BFO. Calibrating the BFO
makes it possible to set the receiver up for single
sideband reception with minimum delay thereafter.
It, in effect, establishes the correct point in the
recelvers passband at which the carrier is being
reinserted. See figure 3-2(B). We calibrate for
both upper and lower sideband operation.

(1) Set up for AM reception but do not turn
on the crystal filter. (POWER ON; operate BAND
CHANGE to desired band; BFO to OFF; AVC to ON;

AUDIO GAIN maximum - use RF GAIN for volume
control; use 3 ke filter).

(2) Turn the CALIBRATE switch to ON and
tune to the exact center of the signal (the "S'" meter
is helpful here). Turn on the BFO. If the BFO is
correctly adjusted the zero beat should occur at or

very near the center position of the BFO PITCH
knob. Turn the BFO off.

(3) It has been determined that for best
results, the reinserted carrier (BFO signal) should
be placed 18 to 20 db down on the filter skirt. The
point to set the BFO can be found by the following
method: Tune in a signal of approximately S-9
either from the calibrator at one of the calibrator
check points or from a signal generator. Tune the
receiver dial below the signal until the S-meter has
dropped 3-S units (18 db). Turn the BFO switch to
ON. Increase the audio gain and decrease the RF
gain to prevent overloading. Zero beat the bfo with
the front panel BFO PITCH control. Note the po-
sition of the BFO PITCH knob.

(4) Return the receiver controls for AM
reception, tune the receiver dial above the input
signal until the S-meter shows a decrease of 3-S
units on this side of the filter curve. Again return
to CW reception, zero beat the BFO PITCH and
note the knob position.
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(b) Set up for single-sideband reception:
Power ON; operate BAND CHANGE to desired band;
BFO to ON; LIMITER to OUT; SELECTIVITY to O;
AVC to OFF'; use 3 ke filter maximum - use RF
GAIN for volume control.

(¢c) Adjust ANT. TRIM for maximum back-
ground noise.

(d) Tune to S.8.8.C. station with RF GAIN
at low setting to prevent overload. (There is no
avc now. )

(¢) Turn the BFO PITCH control counterclock-
wise to the left hand position mark as determined in
step (a).

() Very carefully adjust the main tuning dial
until the S.S.S.C. signal becomes readable. This
may take considerable patience the first few times
because tuning to an S.S.S.C. station is more critical
than tuning for AM signals. Do not adjust the BFO
PITCH after it is once set - rather, make all tuning
adjustments with the main tuning dial. If the signals
cannot be made readable, set the BFO PITCH to the
clockwise mark and again carefully adjust the main
tuning dial. |

(g) Advance the RF GAIN to suit.

(h) If heterodyne interference is severe, turn
the SELECTIVITY control position 1 and adjust the
crystal filter PHASING control to "'notch out' the
interferring signal, as described in paragraph 3. 2. 1.
(n), of this section.

3.2.4. TUNING CW SIGNALS.

The extreme selectivity of the 51J-4 Receiver
makes single-signal reception an inherent feature of
the set. However, because of the selectivity, careful
tuning and special techniques are in order. Best
single-signal reception is with the BFO PITCH set
to produce a 1000 cps peak note when using the 3 kc
filter.

(a) Set up for CW reception: Power ON; operate
BAND CHANGE to desired band; BFO to ON;
SELECTIVITY to O; LIMITER to OUT; AVC to OUT:
AUDIO GAIN maximum - use RF GAIN for volume
control.

(b) Adjust BFO PITCH to approximately 1/4"
off the index mark.

(c) Adjust ANT. TRIM for maximum back-
ground noise.




(d) Tune in a cw station. Carefully adjust the
main tuning control for the loudest signal.

(e) Adjust the BFO PITCH control to the
desired pitch.

(f) If interference is present try tuning to zero
beat with the interference while at the same time
retaining an audible beat note with the desired
signal.

(g) If the results of step f. are unsatisfactory,
turn the BFO PITCH control to the other side of
center and repeat step f.

(h) If steps f. and g. do not produce satis-
tactory reception, plate the SELECTIVITY in
positions 1-2-3 or 4, as required, and carefully
retune the main tuning control. When greatest
audio output is reached, move the PHASING control
slowly out each side from center and try to phase
out the interfering signal. If adjacent sighals are no
problem, leave the PHASING control in center
position for minimum background hiss.

(i) Further selectivity can be gained by
switching in the 1 ke filter on receivers so equipped.
The tuning procedures are the same except that the
BFO PITCH control must not be set so far out.
When searching for signals it is usually better to
use the 3 ke filter and have the crystal filter out,
i.e. SELECTIVITY control in the O position.

3.2.5. FREQUENCY MEASURING.

For AM and single-sideband reception using the
3 ke filter the 51J-4 dial reading will not necessarily
correspond to the carrier frequency of the station
being received. Depending upon whether the upper
of lower sideband is tuned, the actual carrier
frequency will be approximately 1.5 ke lower or
higher than the dial reading indicates. For CW
reception, if the CW station is properly tuned, the
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dial reading should correspond to the carrier
frequency. More accurate frequency measuring
procedures are outlined below.

(a) Calibration: Frequency readings will be
more accurate if the calibrator is used to calibrate
the dial before frequency measurements are made.
To use the calibrator, set up for CW reception
(paragraph 3. 2. 4. (a) of this section), tune to the
100-kc point nearest the frequency to be measured,
set the BFO PITCH control to center position, and
turn on the calibrator. Zero beat the calibrator
signal, using the main tuning control. Adjust the
ZERO ADJ knob so that the dial marker lines up with
zero on the KILOCYCLE dial. Turn off the calibrator.

(b) To measure the carrier frequency of an
AM station, turn the SELECTIVITY control to 4,
tune the station for maximum "S" meter reading,
and read the frequency on the tuning dial.

3.3. NOTES ON MECHANICAL FILTERS.

3.3.1. GENERAL. - Certain characteristics of
the mechanical filter must be considered when
choosing the filter best suited for the reception
conditions of each signal.

(a) Selective fading may be more noticeable when
receiving AM on just one sideband. H selective
fading is bad but adjacent channel interference is not,
choose the 6 kc filter and tune the signal at the center
of the passband.

(b) When using the 3 ke filter and one sideband
for reception, there is an inherent 6 db loss in de-
tector sensitivity due to detecting only one sideband;
however, 3 db is picked up because of using a
narrower bandwidth. Thus there is a net loss of 3
db in sensitivity. On weak signals it may be better
to choose the 6 ke filter and tune "on the nose' except
in event of adjacent channel interference, in which case
the 3 ke filter may still be the best choice.
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SECTION IV

CIRCUIT DESCRIPTION

4.1. MECHANICAL DESCRIPTION.

4.1.1. BAND CHANGE. - Collins 51J-4 Receiver
covers the frequency range of 0.5 to 30.5 mc in 30
bands: 0.5to 1.5, 1.5 to 2.5, and so on up to 30.5
mc. Each band is one megacycle wide. Circuits
affected by band changes are the r-f amplifier grid,
first, second, and third mixer grids, crystal selec-
tor, and crystal harmonic tuning circuits. The
third mixer is switched in only onband 1 (.5to 1.5
mc). See figure 4-1.

Operations involved in the changing of bands con-
sist of selecting the proper coils in these circuits
by means of tap switches and changing the position
of the r-f amplifier and first mixer slug tables. All
stages are permeability tuned by powdered iron
slugs. The r-f amplifier and first mixer slug tables
change position a full megacycle in tuning each time
a band is changed. This is true of all three slug
tables, which tune L104 through L113. However,
the tap switches select the proper set of coils for
the frequency desired.

Stug tables are driven from two sources: the main

tuning knob and the BAND CHANGE knob. These
two driving sources are connected to the slug tables
through a differential gear mechanism. This is
necessary since the coils for bands 4 to 7, 8 to 15,

and 16 to 30 cover these tuning ranges with one com-

plete excursion of the tuning slugs. For instance,
the band 4 to 7 slug table tunes its associated coils
through four megacycles; in one megacycle jumps
when operated by the BAND CHANGE knob, and in
complete coverage in between when operated by the
tuning knob. An interesting feature of the diiferen-
tial gearing is its ability to combine the movements
of the two driving sources so that the slug table is
moved exactly one megacycle in each band change.
The other slug tables operate similarly to the 4 to
7 table, except that the band 8 to 15 table tunes its
associated coils through 8 mec, and the band 16 to
30 table tunes its associated coils through 15 mec.
These three slug tables are moved simultaneously
by means of separate cams.

Switch sections of the band switch are ganged with
the BAND CHANGE knob through an over-travel
coupler. This over-travel coupler drops the band
switch at band 16 while the r-f slug tables continue
to operate one position for each bdand as usual.

Refer to figure 4-2. This mechanical diagram shows
the gears and connecting shafts associated with band
change and tuning. Shafts associated with changing
bands are C, D, G, H, I, K, and the over-travel
shaft. On band 1 radio frequency coils L101 and
L110 are switched by means of the BAND CHANGE
knob through the over-travel shaft and shait G. On

“bands 2 and 3, the r-f coils are selected by the

BAND CHANGE knob through the over-travel shait
and shafts G and K, variable i-f section coils, L116
through L119, being used as additional r-f coils

on these bands. On bands 4 to 7, the coils are se-
lected by the BAND CHANGE knob through the over-
travel shaft and shaft G, and the position of the slug
table is changed through shafts C and D. On these
bands the same coils are used for each band. Band
change is accomplished by moving the tuning slug
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