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I. SPECIFICATIONS OF TMC MODEL VLRB-1

Frequency Range:

Modes of Reception:
Frequency Stability:

Input Impedance:

Sensitivity:

Tuning:

RF Bandwidth:

IF Bandpass:
IF Noise Silencer:

IF Output:

image Ralic:
(in accordance with

CCIR specifications)

Audio Distortion:

30 to 600 kcs continuously in tuning
ranges of 30 to 55, 55 to 100, 100 to
180, 180 to 330, and 330 to 600 kes.
AM, AME, CW, FSK and FAX over the
entire frequency range of 30 to 600 kcs.

0.01% of the operating frequency after
warm-up .

50 ohms nominal.

With a bandwidth of 500 cycles, a 0.3
microvolt signal at the antenna terminals
will produce a 15 db signal to noise ratio
at the output of the audio amplifier.

Continuous tuned with magnetic cores to
give stable smooth tuning.

The RF bandwidth is a minimum of 2 kc
on the lower band at 30 kc. On other
bands starting at 55 kc, at least 8 kc
bandwidth.

0.5, 2, 4, and 8 kc at 3 db points,
selectable from the front panel.

A highly effective IF type noise silencer
is included to remove impulse noise.

.001 volt across 50 ohms.
HFQO image is at least 80 db down when

referenced to 0.3 microvolt input signal.

With a 100 db variation in the input sig-
nal, the output remains constant within
+ 1 db.

On standard two tone test audio distor-
tion will be at least 40 db down.



I. SPECIFICATIONS OF TMC MODEL VLRB-1 (Continued)

Audio Output:

Hum Level:

Environmental

Conditions:

Installation Data:

Power Supply:

Components and

Construction:

Options/Accessories:

1. 0 dbm output into a 600 ohm balanced
center tapped line.

2. 4 ohm output to drive a speaker, 1/2
watil average power ouiput.

3. Headphone monitor.

Power Supply hum at least 50 db below
full audio output.

Designed to operate in any ambient tempera-
ture of 0°C to 500C, and any value of hu-
midity up to 90%.

The unit is approximately 7" high X 19"
wide X 16" deep, and weighs approximately
15 1bs.

115/230v, 47-400 cycle, single phase pri-
mary power, approximately 15 watts.

All equipment is manufactured in accordance
with JAN/MIL specifications wherever prac-
ticable.

(All priced separately)

Synthesizer, TMC Model LFSB-1, with Fre-
quency Standard, TMC Model CSS-2, for

1 part in 109 stability per day.

An electronically switched battery supply
is available for operation of the receiver
by itself or toc provide power to the recei-
ver, synthesizer and frequency standard

in the event of main power failure. Model
BPSA-1 will furnish power to the unit for at

TMC Model
outputs of upper



II. THEORY OF OPERATION

The receiver is a superheterodyne type having a double conversion
number scheme. This receiver provides continuous coverage from
30 to 600 kc using 5 RF bands covering the frequency range as shown
in the following chart:

Band

—

4

5

RF

FregTA—encz
Change

fvr ~N\

\KO)

30 - 55

55 - 100
100 - 180
180 - 330

330 - 600

First OSC

Frequency
Coverage

(17
A\

130 - 155
155 - 200
200 - 280
280 - 430

430 - 700

RF
RF Minimum

Frequency Bandwidth

Ratio (KC)

1.83 2
1.82 8
1.80 8
1.83 8
1.82 8

The incoming RF signal is upconverted to 6.4 mc and subsequently
downconverted to the final 100 kc IF. This double conversion sys-
tem is used to provide image rejection of 80 db and also to eliminate
the generation of low order mixer crossings.
following block diagram shows the number system utilized

For clarification, the

in the system.
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II. THEORY OF OPERATION (Continued)

As apparent in the block diagram, the 6.5 mcC oscillator frequency

is effectively removed fro

7 the 100 kc output and therefore, makes

the receiver stability that of the first oscillator. This system re-

quires that the 6.5 me switching signal must be attenuated approxi-
mately 110 db in the 5.8 to 6.37 mc passband in order to prevent a
spurious signal from being generated when the RF signal is approxi-
mately 100 kc. Two crystal traps are provided to eliminate the 6.5

mc frequency from the 5.8 to

6.37 mc passband.

The receiver may be synthesized over the complete tuning range in
10 cycle steps. The lower frequencies (30 to 100 kc) have the addi-
tional feature of being synthesized in 1 cycle increments. Consider
the following block diagram of the receiver-synthesizer inter-con-

necting circuitry.
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II. THEORY OF OPERATION (Continued)

This system allows the use of a phase detector that operates at a
particular frequency rather than a wide band of frequencies provid-

ing a simplified electrical design. The percentage hold in range

of the system is greater than 0.1% of the synthesizer frequency through-
out the 130 to 700 kc range. It should be noted, this synthesizer de-
sign provides the proper frequencies to synthesize the VLRC-1 recei-
ver without further modifications.

The receiver is capable of receiving SSB in conjunction with the SSB
unit (LFCA-1). The SSB unit accepts the 100 kc IF output of the re-
ceiver and reconstructs the carrier of the single sideband signal.
The following block diagram shows the method used in processing
single sideband signals.

100 KC Homrm Sun
— QO

100 KC 2 oh 100 KC
. TNosSe

Carrieyr —fﬁ \_;;;. o B E— Xrad

Filter | | Osc

Fost Abkack

t» Receiver First Osc DC Loop

The reconstructed carrier and 100 kc crystal oscillator signal are
compared in the phase detector. When the carrier is within 5 cy-
cles ot the 100 kc crystal oscillator frequency the system will be-
come locked. This now provides a locked control to the first os-
cillator of receiver with a slow attack time. After the system is

in lock, the incoming carrier frequency and first oscillator frequency
of the receiver may separate as much as + 0.15% of the first oscil-
lator frequency before the system looses lock. A more complete
description of the control loop is provided in the LFCA-1 tuning pro-

~odurag



II. THEORY OF OPERATION (Continued)

When the synthesizer is used while receiving SSB, a 100 kc signal
is routed from the synthesizer that controls the 100 kc crystal os-

cillator of the SSB unit. In this mode of operation, the first oscil-
lator of the receiver is locked to the synthesizer rather than to the
SSB unit.

This receiver provides 4 IF bandwidths, 0.5, 2, 4 and 8 kc with

front panel control. The different bandwidths are generated with

the nse of a douhly tuned amplifier stage and a Q multiplier ampli-
fier. The doubly tuned stage has a bandwidth of 8 kc. The output

of the doubly tuned stage is routed through the Q multiplier for 0.5,

2 and 4 kc bandwidths and bypasses the Q multiplier for the 8 kc
bandwidth. The Q necessary for the Q multiplier circuit is as follows:

‘Bandwidth (KC) Q = 100/BW
4.0 25
2.0 50
0.5 200

The initial Q of the inductor used in the Q multiplier is nearly 200.
This allows the Q multiplier design to effectively be that of degene-
ration rather than multiplication of the inductor Q.

The receiver information processing circuitry and audio amplifiers

are of conventional design. In AM operation, the 100 kc IF signal

is routed through a regular diode detector and consequently to the
audio amplifiers. For CW operation, the 100 kc IF signal channels

to a mixer where it mixes with a variable 100 kc signal provided by

the receiver BFO. The BFO output frequency is adjustable from 97

to 103 kc. The gain of the audio and line amplifiers is set up so that
one may have full power output in both channels with a 30% modulated,
0.3 microvolt RF signal. )



III. MODULE DESCRIPTION

The receiver circuitry is located on 7 basic printed circuit cards.
These cards are identified as the RF 100, OSC 100, IF 101, IF 102,
AGC 100, BFO 100 and PS and AA 101.

n

™7 1IAN
A, RIP 1UU

The RF 100 card is used for the 5 RF bands. It must be pointed out
that there are only 4 RF modules since it was possible to use the
same tuning coils for bands 1 and 2. This RF module is provided
wiih additional capacitors so that the band swiich adds the capa-
citors to the tuned tanks in the Band 1 position, effectively lower-
ing the frequency of operation.

Each RF stage consists of a series of 3 tuned amplifiers (Ql, Q3,
and QS5) terminated into an emitter follower stage (Q7). The proper
gain of the RF band is 70 db to TP2. A list of the measured gains
for the various bands is included below.

: Frequency Gain at TP2
1 55 69
2 55 75
2 67 74
2 100 74
3 100 71
3 122 70
3 180 68
4 180 73
4 220 73
4 3 68
S 330 70
5 397 72
5 600 69

The tuned tanks of the stages consists of two coils and an adjust-
able capacitor. One coil is the large tuning coil (TA, TB, TC) and
the other (L1, L2, L3) is used for setting of the end points of the
band for a given travel. For a setting of the tuning coil (TA, TB,
TC), an increase of the trimming coil {L1, L2, L3) inductance de-
Cieases thie bandspread as thie tuning siuy is tuned Lom the end
points of the tuning assembly.



1II. MODULE DESCRIPTION (Continued)

Q2, Q4 and Q6 act as variable impedances in the emitter circuits
of Ql, Q3 and Q5. The impedance is controlled with the base cur-
rents to Q2, Q4 and Q6. When no RF signal is present, the con-
trol transistors are operating in a saturated condition and the effec-
tive collector-to-emitter impedance is low. As the RT signal in-
creases, the base current to the control transistors is decreased,
allowing the effective collector-to-emitter impedance of the control
transistors to increase. A rather comprehensive article describing
this type of AGC control is presented by Eugene Franke in the No-
vember 8, 1962 issue ot Electronics Design. This tyoe of AGC cir
cuitry has a high input voltage overload characteristic. Presently
the AGC of the receiver controls the output within 1 db variation
from 0.3 microvolt to 1.0 volt input RF signal. Some distortion is
present above 0.3 volts.

Tuning Procedures:

1. Adjust Cll, C5 and Cl8 to minimum values.

2. Set tuning assembly to upper end of tuning band for bands 2,
3, 4 and 5.

3. Connect signal generator to antenna input and adjust frequency
to desired frequency for the particular band being tuned. Be
certain to have a counter on the signal generator output for ac-
curate readings.

4. Connect VIVM to TP2 and adjust TA, TB and TC for maximum

output.

5. Tune assembly to low end of frequency band.

6. Readjust signal generator to proper input frequency.

7. Tune Cll, C5 and Cl8 for maximum output at TP2. If capacitance
tuning does not result in maximum output, each capacitance of Cl1,
C5 and Cl8 off and tune TA, TB and TC for maximum output.

8. Return tuning assembly to upper frequency position and reset input
frequency to receiver.

9. Retune TA, TB and TC for maximum output.

10

Recycle receiver tuning from upper to lower ends of frequency
coverage tuning the inductance at the upper frcquency and capa-
citance at the lower frequency.
11. L1, L2 and L3 are preset before assembly, and should not have
, be retuned. These coils set the band spread of the RF bands
for a given travel. If the band spread is not correct, an increase
or decrease of the inductance of L1, L2 and L3 will decrease or
increase the band spread of the RF band.
12 . After aligning band Z one may adjusi CSA, COA and C20M0 icr pro-
per coverage of band 1. This band should be tuned toc cover from
31 to 56 kc with the first oscillator tuned to cover from 130 to
155 kc. This tuning arrangement allows reception of the carrier -
or upper single sideband signals having a 2 kc bandwidth.
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III. MODULE DESCRIPTION (Continued)

B. OSC 100

This module has five oscillators covering the ranges of frequencies
for the various bands. The design of the oscillator is essentially

a Gouriet-Clapp design, having one variable element which, in this
case, is the total inductance. The inductance is made up of 3 ele-
ments tuned in the dual of the manner that 3 capacitors are tuned
for geometrical mean tracking. This method of tracking is described

on page 1010 of Radiotron Desig

~ea Gy LA ar T

The following diagram, equations and charts, provide the necessary

cala 3

don £~ PR S ~ lm o~ 3 o ~t 3 . Fiwal - = 3
information to begin in selecting the final coil and capacitor values.
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Equations:
1. Lg=Lg maximum - Lg minimum

2. Lp maximum = _Lg
r-1

3. LT maximum = Lg
B2 -1

4., Lp=Lp minimum = Lp maximum - LT maximum
5. Lo = L7 - Lg minimum

«< = {2 receiver/fl receiver

1+B)ex 1/2 for geometrical mean tracking.




MODULE DESCRIPTION (Continued)

III.
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III. MODULE DESCRIPTION (Continued)

Tuning Procedure - LP and LT should be preset to a particular value
before assembly. LP should not have to be re-
tuned during oscillator alignment.

1. Connect a HP 400L to TPl with its output connected to a counter.
Set the mode switch to AM position.

2. Set RF tuner to 600 kc (upper frequency end point of band 5). Ad-
just LG for 700 kc output at TPl with trimmer capacitor in center

RT tuner to 330 kc (lower frequency end point of band 5). Ad-
just trimmer capacitor for 430 kc at TPL.

4. Set RF to 600 kc position. Tune LT for 700 kc output.

Recycle between steps 3 and 4 until end point tracking is achieved.

6. Check frequency tracking through mid-band positions. 1f oscilla-
tor frequency is below desired frequency through midrange, decrease
LG slightly and repeat steps 3, 4 5 and 6. If oscillator frequency
is above desired frequency through midrange increase LG slightly
and repeat steps 3, 4, 5 and 6.

7. Repeat steps 2 through 6 to tune bands 1, 2, 3 and 4, using appro-
priate bands and frequency settings.

8. Check output level throughout band at TPl with HP400L. Desired
level is nominally 5 mv. See prototype output levels as follows:

™o
rJU».)
Q A~

set

w

w

Output Level

Tuner From 5 Millivolts
Band Position  indb
1 low 2.5
1 mid 1.5
1 high 0.5
2 low 1.1
2 mid 3.5
2 high 0.0
3 low 1.5
3 mid 0.0
3 high 0.2
4 low 3.8
4 mid 1.8
4 high 0.0
S low 0.4
b nid - 1.2
o] LiLgit 1.0
9. The capacitors of Lihe oscillator arc specified as 1% values; how-

ever, 1 % values are not close enough in some cases, and the art-
work provides a position for trimming capacitors to be added. For
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III. MODULE DESCRIPTION (Continued)

instance, band l of the prototype required 1500 + 250 pf for track-
ing rather than the 1800 pf calculated. Trimming capacitor holes
are provided by C6, Cl3, C20, C27 and C34 capacitors.

C. IF 102

This module contains circuitry of the 6.5 crystal oscillator and the

5.8 to 6.37 mc passband amplifiers. The 6.5 crystal oscillator con-
cicts of Ql and Q2. The output of Q2 feeds Q3 which serves as a cur-
rent source in the emitter circuitry of e balanced mixer ¢f Q4 and Q5.
The mixer "subtracts" the input of the first oscillator (130 to 700 kc)
from 6.5 mc, resulting in 6.37 to 5.8 mc. In order to eliminate harmo-
nics of the first oscillator from being present in the 5.8 - 6.37 mc pass-
band, the first oscillator signal is routed through a low pass filter be-
fore being introduced into the mixer. The 5.8 to 6.37 mc amplifiers
consist of Q6 and Q7. Q8 serves as an emitter follower to provide the
6.8 to 6.37 mc signal to the synthesizer unit. The 5.8 to 6.37 ampli-
fier circuitry consist of T1, T2, 1.6, T3 and T4, which act as the 5 poles
of a maximally flat 5 pole bandpass design. The calculated character-
istics of the inductances are as follows:

Coil Inductance (uh) Loaded Q
Tl 7.96 12.5
T2 7.96 12.5
L6 6.24 32.8
T4 10.10 10.1

It should be noted that pole represented by T4 in the regular output
is not present in the output to the synthesizer and is located in the
input circuitry of the synthesizer unit.
The low pass filler is a a=5 maximally
sentially of 2 coils and 3 capacitors plus the source and load resist-
ances. The coils, L7 and 18, are preset before assembly and should
~ot be retuned. Tne 33 pi capaclilors, 017 and C20 were added to the
silter to resonate the coils at about 6.5 mc. Calculated values of the
iow pass filter are as follows:

1 P el + -
iat design and consists es

i > — !
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III. MODULE DESCRIPTION (Continued)

Calculated Circuit
Component Value Use Designation
Cl 2735 pf 2700 Cle
Lz 17.85 uh 17 .85 L6
C3 8840 pf 8200 + 620 Cl18 + Ci19
12 17.85 uh 17 .85 L8
C5 2735 pf 2700 C2l

Also present in the 5.8 to 6.37 passband circuitry are crystal traps to
the 6.5 mc signal. Close balance of the balanced mixer and the cry-
stal traps are necessary to eliminate the 6.5 mc signal from the 5.8 Lo
6.37 mc signal. This is necessary for two reasons. The first is when
the receiver is tuned to about 100 kc, the output of the 5.8 to 6.37 pass-
band is approximately 6.3 mc. This mixes with the RF signal of 100 kc
to create 6.4 mc. Buta 6.5 mc signal minus 100 kc also creates a 6.4
mc signal and consequently a spurious signal results. The second rea-
son is that the synthesizer circuitry required to phase lock the first os-
cillator of the receiver for synthesized operation compares the signals
at 6.5 mc and cannot operate properly if 6.5 mc is present in the 5.8 to
6.37 mc signal.

Tuning Procedures:

b—

. With a high frequency oscilioscope connected to TP1 tune Ll for
maximum signal (6.5 mc). Peak to peak signal level should be
approximately 100 mv. Output at pin 22 is nominally 5 mv rms.
Capacitor C2 may be adjusted to tune the crystal oscillator to ex-
actly 6.5 mc but after original setting of C2 do not retune. Re-
tu J.u.ug C2 would change oscillator frequency and make retuning

he crystal traps necessary.

Do

oA+ D
1L 44

Fhy

O
o

~odule to
module O

U round. Attach a sensitive high

of Q7 and balance Ri3 for mini-

9 and C39 for no response of 6.5
mc signal. Connect 5.8 to 6.37 IF output of recelver to synthesizer
unit. Connect scope to TPl of Phase Detector card of Synthesizer
unit. Retune capacitors C29 and C39 for minimum 6.5 mc response
at TPl of Phase Detector card. Up until this point the IF 102 mo-
dule will have been mounted on a riser card for tuning. Insert

T

-~ A - . . v . oA e a TATD L mnn rmad et v
iT 102 module into chassis and 'tu.'zc Ri3 for minimum response of

1cf£O8C 1 g
juency scope to the collector
9
—

mum 6.5 me response. Align C
2

—h
=
@
Q

ths completes tuning for rejection of
mc passband. Do not retune C2, c29, C3
ment.



III.

3.

MODULE DESCRIPTION (Continued)

Disconnect short from TPl on OSC 100 module. Attach probe of
high frequency scope across R27 of IF 102 card. Switch band
switch to band 5 and tune to highest frequency (600 kc). Tune

T1 and L6 for maximum response on scCope. Switch band switch

to band 1 and do not adjust tuning knob. Tune T2 and T2 for ma-
wimum response on scope. Return band switch to band 5 and re-
tune Tl and L6 for maximum response. Return bandswitch to band 1
and retune T2 and T3 for maximum response. Continue this pro-
cess until no tuning is required.

Set band switch and 4 with tuner at 300 kc position. Place
scope across R27 and tune T4 for maximum response.

Check response of 5.8 to 6.37 mc passband by monitoring BNC
output on back of receiver unit. The proper response will vary
from 12 to 18.5 mv if 5.8 to 6.37 mcC is properly aligned and out-
put of first oscillator is fairly constant. Prototype results are
as follows after tuning receiver as described above.

TPl of OSC 100 BNC Output
Band Tuner Reading in db of 5.8 to 6.37 mc
Position Position from 5 mv in Millivolts
1 low + 2.5 16.0
1 mid +1.5 15.0
1 high + 0.5 13.6
2 low + 1.1 14 .4
2 mid + 0.5 14.3
2 high 0.0 13.9
3 low + 1.5 16.0
3 mid + 0.8 4.8
3 nigh b 0.2 12..9
4 low + 3.5 18.6
4 mid +1.8 4.8
4 high + 0.0 12.0
5 low + 0.4 12.6
5 mid -1.2 14.0
5 high +1.0 13.8

If output of 5.8 10 ©.37 MC is uuL wilhin thesc limite, retur

1

(=2 )
pass inductors. It will be noticed that transformers Ti and T2, Lo



III. MODULE DESCRIPTION (Continued)

and T3 are actually double tuned circuits with coupling coeffi-
cients of .726 and 3.08 respectively. Conventional double tun-
ing techniques do not appear to properly tune the 5.8 to 6.37 mc
passband; however, test points are provided if it is necessary to
use this technigue in production tuning.

D. AGC 100

The AGC module contains the noise silencer circuitry, 6.4 mc mixer
and passband and the dc circuliry of ithe AGC sysiem.

The RF signal with noise pulses is amplified by Q8 and Q9. The sig-
nal is then routed to Q10 which serves as an active transformer. The
transformer load is a noise detector that converts all noise pulses to
positive pulses. The pulses feed an emitter follower (Qll) and are
used to trigger a Schmitt circuit (Q12, Q13 and Ql17). The output of
the Schmitt turns on iransistor (Q6) which effectively turns Q3 and
Q4 off. Q3 and Q4 are used in the 6.4 mc passband in a balanced
amplifier that cancels the noise blanking pulse from the output 6.4
mc signal. The complete noise silencer circuitry (Q8, Q9, Ql0, QlI,
Q12 and Q17) is turned on and off with the front panel noise silencer
on-off switch.

The 6.4 mc mixer {Ql, Q2 and Q5) is a balanced mixer that converts

the RF signals (30 to 600 kc) to 6.4 mc by switching the mixer with
6.37 to 5.8 mc. A crystal bandpass filter (8 kc bandwidth) serves as
the mixer load and routes the signal to the balanced amplifier (Q3 and
Q4) which the noise silencer turns off during noise pulse transmissions.
This stage has AGC and the Q7 transistor serves as the varying emit-
ter impedance of the amplifier. This method of AGC is descrlbed un-
der the RF 100 module description.

The AGC control dc voltage is obta

signal in the Ql4 circuitry. The rectitied dc¢ voltag

+~ 0 Attt ARFAin A Wi it s 1D AT
[N ‘v VAL D A e ddast Y e - VO d v N d i

the control dc voltage is amplified and routed to the automatic gain
controlled stages with Q15 and QI6.

.(\:::" on

PRy JuLiel TeCLilic il

M

f Q15 contains the switched capacitors used in

a J 1

decay positions. Slow decay corre-
5 seconds, medium decay to a time
4+ 5 v

L

sec a e
s. The slow and medium decay time capacitors are located on
F 102 module.



III. MODULE DESCRIPTION (Continued)

Metering of the AGC control voltage is provided to monitor the
relative RF signal level. A chart of the 50 microampere meter po-

sition versus RF input signal with proper adjustments of R52 is
provided as follows:

RF Signal AGC Control Meter Current
fMillivolts) Voltage (Volts) Microamperes
.001 6.6 1.0
LUU3 7.8 13.0
.010 3.2 23.0
.030 8.4 28.0
.10 8.45 31.0
.30 8.55 34.0
1.0 8.0 36.0
3.0 8.65 37.0
10.0 8.70 39.5
30.0 8.75 43.2
100.0 8.90 47 .0
300.0 9.00 49.0
1600.0 9.1 50.0

The apove data was taken with the AGC set to hold TPS of IF 101
constant at 56 millivolts.

1. Adjust R37 for 1.2 volts at TP5 with the noise silencer switch
{front panel) on. This sets the noise silencer threshold and is

1

the only adjustment necessary.

2. Connect an accurate 6.4 o sigral aCross R4
level. Adjust

~

3. To adjust the AGC threshold level, the receiver should be com-

. - N
) PR ~lm m 1A e A

pletely allgned. ror a 0.3 OuCiovostl Ri siyiiGl OnC Should have
‘proxlm‘z‘re‘v 50 millivolts at TPS of the IF 101 module. With

n, switch the AGC Decay switch to the Fast posi-
just R46 on the AGC module until the signal at TP

located on the IF 101 module just begins to drop from the full RF

gain position. For a quick comparison, switch the AGC Decay

control back and forth from Manual to Fast position. After set-

iing the threshold tevel, check the output varielion at TPS on th
IF 101 module as the RT input is varied from 0.3 microvolts

H Lo J ]
1.0 voit. Maximi stion of the testpoint voltage shou* be

about 0.5 db.



III. MODULE DESCRIPTION (Continued)

E. IF 101

This module provides a mixer, Ql, that converts the 6.4 mc signal
containing the RF signal to 100 kc. The switching signal of the mixer,
6.5 mc, is routed to the mixer through an amplifier, Q10. The collec-
tor of the mixer consists of a critically coupled, double-tuned stage
having an 8 kc bandwidth.
From the double-tuned stage, the signal is routed either to the output
if g and QY, or through a @ muitiplying circuit, 006 and Q7,
that provides bandwidths of 0.5, 2 and 4 ke. Q2Z2, Q3, Q4 and Q5 serve
as buffer amplifiers for the various bandwidth positions and provide
the proper gain for the different bandwidtihs. The proper bufier tran-
sistor - Q2, Q3, Q4 or Q5 - is turned on with the IF bandwidth selec-
tivity switch. The switch also shunts 14 with a particular resistance
load in the 2 and 4 kc positions in order to maintain a constant feed-
‘back (R20 and R21) in the Q multiplier circuit.

Tuning Procedures:
1. Connect a high frequency scope probe across C4l. Adjust L7 for

maximum 6.5 mc signal. Be certain that IF 102 module is in the
chassis to insure a 6.5 mc signal input at TPG.

2. Short TP6 to ground and connect a signal generator to TPl that
rovide a variable 100 kc signai. Set input signal to 100 kc,

counter. Short TP3 to ground. Adjust Ll for a maximum
signal at TP2. Disconnect short from TP3 and tune L2 for a mini-
mum signal at TPZ2. The double-tuned stage should be properly

3 .- J
unea.

2. Qet selectivity switch to 8 kc position. Connect signal genera-
ror to TP1 and set fregquency to 100 kc using a counter adjust in-
out signal tevel such that there is a 50 millivolt signal at TPS.
Tirn selectivity switch to 0.5 ke position. Adjust R21 for an 0.5
kKC bandwldin at 1°d.
‘"urn selectivity switch to
kc bandwidth at TPS.

djust R4l for a 2.0

[N
D
Q
T
@)
1]
hrs
c+
b
@]
o3
5>

~ o .y e . =
Check ocutput level in 4 positions. LI there is more than one db

- -3 LT P T o S - i 3 H R e T
voriztion, tne gain OF Tné oftending channel May De dujusicu oy

changing the series emitter resistor of Q2, Q3, Q4 or Q5.

4. With 50 mv of 100 kc signal at TPS there should be approximately
1.5 mv of 100 kc at pin 17 or at 100 kc BNC on rear of chassis.



III. MODULE DESCRIPTION (Continued)

5. After system is completely aligned, there should be approximately
50 to 60 millivolts at TP5 for an 0.3 microvolt RF signal at the an-
tenna. Adjustment of this level may be necessary by the adjust-
ment of R62 located on AGC 100 module. Nominal value of R62 is
270 ohms.

F. BFEO 100

N

S moduie Drovic

- oo

Circuitry of tni ies ine beat revuency osciliaior, AM de-
ector, preduct detector, and line amplifier circuitry. In the AM mode
of operation, the 100 kc IF signal is introduced to this module through
the Q1 amplifier. The signal is routed to Q4 transistor which has the
AM diode detector circuitry in its collector circuit. From the AM de-
tector, the detected signal is routed to the mode switch.

ot

In the CW mode of operation, Q3, Q4, Q5 and Q6 transistors are turned
on. The 100 kc IF signal is routed to the product detector (Q3 mixer)
from the emitter of Q2. The beat frequency oscillator {(Q6) is an LC os-
cillator with a voltage controlled capacitor (CR3) for tuning the oscilla-
tor from 97 to 103 kc. Following is a graph of the output frequency of
the BFO versus the front panel BFO frequency control potentiometer which
varies the dc voltage to CR3.

i

104 -

.

Lomn 100- AN

e H \
g ~AN ? \
x J\"\__' /? ' \\
~ e AN
! AN
!
i
ez | N
~“O 7 N
i)
| \
! N
i AN
H \\
% -
]
i
'
foVal !
- 1 v 1 ) T
-~ - ’ -~
')’*7:, [N (R FEN , N (O
,
Sty z.82V 4.24N 5.5V



III. MODULE DESCRIPTION (Continued)

The oscillator frequency is amplified (Q5 and Q4) and provides the
switching signal for the product detector. From the detector the de-
tected signal is routed to the mode switc

From the mode switch, the AM and CW dtected c1nn;§] are routed
]
J.

to an isolation mphner QL) ated on PS and AA 101 module. This
amplifier's output load is the mput gain potentiometers of the output

line and audio amplifiers.

ia Avrin circuit Far manttinmcs “hn lima Aiedrmea+ T acral L N = -
40 A odlleileianiy 1l Uil Ll DL LAYy LT L1il1lT VULpPuUuL L1TVCl, LIIT wULpUuL 1T
vel versus meter current is provided for meter calibration in the fol-

lowing chart.

Qutput Signal Meter Current in

in db Microamperes

(e
3

- 10 6.6
-9 8.0
-8 9.5
-7 11.2
) 13.0
-5 15.0
-4 18.0
-3 21.0
-2 24 .2
-1 28.0
0 32.5
1 37.5
2 43.5
3 50.0
The cutput was checked for harmonic distortion. The second
harmonic was 44 db below the fundamental.

N ~ 1 ~ 1 ~ ~ -
1 Tarn the front narnel BFO control comnletely counterclockwise
i Lurn tne ront panel or¥ conirol complelely counierCiolwi .
.. ~ . . —~ L m 3 1
Txariimn NAA~A carit/mn +m Fhn AN nAaciti mm hmrd T2 T ey rrmvinmed
SWITCO NICTC CWITCm O e NV posilien., il Lo L e OIouna



III. MODULE DESCRIPTION (Continued)

and tune L4 for a 97 kc signal at TP 3. Turn front panel BFO
control completely clockwise. The frequency at TP3 should
read 103 kc if control potentiometer is wired correctly.
2. Turn Mode switch to CW position. Insert 100 k¢ signal at TP 1.
Adjust BFO for 1 kc signal at line output terminals. Connect
600 ohm load to line output. Adjust 100 kc input signal for 3 dbm
output into 600 ohm load. Adjust R49 for 50 microamperes or
3 dbm on front panel meter. Meter switch must be in 0 dbm po-

U
h
[add
-
C
s
=
.

This module consists of the power supply circuits and audio ampli-
fier circuits. The design of this circuitry is the same as that used
in the VLFRC system. No tuning is necessary on this card.

A two tone test was conducted using two RF inputs separated in fre-
quency by 1 kc. The receiver was under automatic gain control and
the input RF signals were one millivolt in level. The line output was
monitored with a HP 310 wave analyzor with the converted two tones
at 1.5 and 2.5 kc. The results are tabulated below.

Frequency Relative Level

P \ ) 44

(KC) in db

1.5 0

2.5 0

1.0 <- 40

2.0 <- 40

3.0 (2X1.5) <~ 40

3.5 - 44

“x .O - =

P o3 -\ 1o

4.5 (3 X1.5) - 45

5.0(2X2.5) - 52

5.5 - 41
The analyzor would not discriminate properly at the 1.0, 2.0 and
2 Y b~ mimala it kA rAarmATan ot fhAacA frAaMiiAmnAiac wac Araatar
e N DA\_—QL&Q-LD MU LiiNe A\/Q}J\/LL;}\/ . B A e B A R YV w2 \jA-uu\.\/.A.
than 40 db below the tone levels. As may be noted, the harmonic

distortion is greater than 40 db. The signals were also compared



III. MODULE DESCRIPTION (Continued)

in the 100 kc IF where all products were greater than 45 db below
the two tone signal levels.

I Al mrirmAirnes At FAar DT AvmA Aam~dilladrar aliia Fr10vad ~~dl o
1l e N/ ULL VYV ALLINALLLY A LA LV I\ Qlid vVoLwdllilGuLuwl Dlu\d LULITU VULLD
1. Coil winder used was a Coil Winding Equipment Co. Type WX.
All coils were wound with a universal wind and a 1.25 inch
throw. The machine setting is as follows:
a. Set variable gain to zero.
b. Gear ratio on front of gear box is 33-39 step down
driver over ariven).
c. Gear ratio on back of gear box is 46-50 step down
(driver over driven). Actually using a 45-90 step
down will give an exact 18 to total ratio. After ex-
perimentation, it was determined that for the smooth-
est universal wind a ratio of 17.6 to 1 was needed.
d. A step down idler gear, Coweco type WA-309, was
used with gears in back.
e. Use standard, 1.25 to 1.500 inch adjustable cam set
at 1.25 inch.
f. Total turns ratio =17.6 to 1.
Total turns per crossing = 8.8 to 1.
g. Diagram of gear box (top view) with proper gears is
shown.
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III. MODULE DESCRIPTION (Continued)

Coil forms used was XXX Natural Paper Base Bakelite with an
O.D. of 1/4 inches and an I.D. of 3/16 inches. Coil forms
were cut to 2 1/4 inches long. Coils were wound on form be-

2.

+arAaAn 5
tween twe 1ma

aginary lines, one 3/8 inch from top of form with

P A
cLuilil vl

£
form mounted

the other 5/8 inch from bottom of form. A sk
in winder is shown below.

]
? o
‘ s L e
{
Forms should be waxed to prevent wire slippage and a slow
winding speaed should be used.

3. Wire used for coils was 7/41 Lits wire.
- casurcd datz for the ooils are as follows:



III. MODULE DESCRIPTION (Continued)

Test Antenna
Frequency Circuit Input
Coil Turns (KC) Bandwidth Impedance
LA 2 860:196:56 55 15.8 50
100 20.3 50
IA 3 473:100:35 100 16.1 74
180 16.1 56
TA 4 200:57:.8 1820 16.3 58
330 16.1 35
LA S 136:20:10 330 i5.8 60
, 500U 28.0 52
LB2=LC2 860:210 55 15.8
100 20.0
LB3=LC3 743:100 100 16.0
180 16.5
LB4=LC4 260:50 180 16.0
330 19.7
LB5=LC5 136:18 330 15.7
600 25.0
LG1=LG2 682
=LG3
LG4=LG5 375

The antenna input im
measured in the aciu
kel

ndaries, all secondary winding

T mam mm o~ oy M~ £A1T mcari ey YOO ATITO a
oY macninge . Ll ICLIiOWINnG plocconiaes ~vas used
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b. When primary winding is completed, pull out a 1o0p oL

wire (end of primary and start of secondary) ior lcads

of primary and secondary, and begin secondary winding
here primary ends.

f antenna secondary is nceded, repeat sieps b and ¢
¢! eC

The LAS, LBS and LCS secondaries were wound by hand on the
top end of primary coil. The longest secondary is layer wound
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MODULE DESCRIPTION (Continued)

from top of primary coil until completed. LAS has an antenna
winding which is layer wound on top of first secondary. TFor
clarification, a sketch is shown of the finished LAS5 coil.

LB5 and LCS coils are wound like LAS with the exception that
no antenna winding is needed.
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that the coils were connected in
results, the beginning of all col
aries) should be tied to the lowest impedance point in the cir-

cuit. A sketch of proper RF coil connections is shown as follows:
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The sketch uses the dot convention wnere tne dot 1s shown on
the coil at the beginning of coil winding.



