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NOTICE

THE CONTENTS AND INFORMATION CONTAINED IN
THIS LESSON PLAN 1S PROPRIETARY TO THE
TECHNICAL MATERIEL CORPORATION TO BE USED
AS A GUIDE FOR INSTRUCTION OF OPERATION
AND MAINTENANCE OF THE EQUIPMENT FOR
WHICH THE LESSON PLAN IS ISSUED AND MAY
NOT BE DUPLICATED EITHER IN WHOLE OR IN
PART BY ANY MEANS WHATSOEVER WITHOUT THE
WRITTEN CONSENT OF THE TECHNICAL MATERIEL
CORPORATION.
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PRIMARY FREQUENCY STANDARD MODEL CSS-1
DIVIDER CHAIN MODEL CHL-1

CONTROLLED OSCILLATOR MODEL CLL-1
CONTROLLED MASTER OSCILLATOR MODEL CMO-1

SIDEBAND EXCITER MODEL CBE-1, 2
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OPERATION OF THE SBG-1/SBG-2
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TITLE: TMC Synthesized Sideband Generator System
OBJECTIVES:

a) to discuss, by means of a block diagram, the TMC
synthesized sideband generator system, in order that
overall operation may be visualized.

b) to illustrate the versatility of various units of the
system in combination, and to discuss the nomenclature
of such combinations.

REFERENCES:
- a) TMC Short Form Catalog

b) Technical Manual for Sideband Generator SBG-1 or SBG-2
(Modulator-0Oscillator Group AN/URA-30)

TRAINING AIDS:

a) Chalkboard and associated materials.

b) Sideband Generator Rack, connected for operation.

-

Revised: Oct. 1966
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B.

Discussion of the Sideband Generator System Using the
Block Diagram:

1. The heart of the system is the one megacycle frequency
standard, Model CSS-l1. This transistorized unit
has a self contained power supply. The output, at
1 mc, is accurate to 1 part per 100,000,000 per day.
The 1 mc output is delivered to Frequency Amplifier
Model CHG-2, where it is amplified, then sent to the
Frequency Divider Chain, Model CHL-1,

2. The Frequency Divider Chain, Model CHL-1, contains
circuits which count down the 1 mc input to provide
outputs at 500 KC, 10 KC, 1 KC and 100 CPS, all
locked to the standard.

3. Controlled Oscillator Model CLL-1 receives inputs at
50C KC, 10 KC, 1 KC and 100 CPS from the CHL-l.
The CLL-l1, by means of three synthesizer loops,
provides an output in the range of 510.0 - 519.9 KC,
in 10C cycle steps. Two front panel controls,
the KILOCYCLES control and the HUNDREDS control
determine the exact output in the 510.0 to 519.9 KC
range.

L. Controlled Master Oscillator Model CMO-1l receives the
510.0 to 519.9 KC signal from the Model CLL-1,
together with a 10 KC signal from the Model CHL-1.
This unit contains a well designed variable frequency
oscillator with an associated vernier dial and
counter, operable over the range of 2 to 4 mcs.

A 100 KC crystal oscillator circuit is also
incorporated for calibration purposes.

The remainder of the CMO-1l circuitry utilizes the
frequencies obtained from the CLL-1l and the CHL-1
to synthesize the 2 to 4 mc oscillator in 100 cycle
st €ps.

5. The Sideband Exciter Model CBE-1 or CBE-2 receives
audio inputs from two channels and a 250 KC sub-
carrier from the Model CHG-2. The output of the
sideband exciter depends on the settings of various
controls and the type of operation desired. It may
be a 250: KC sub carrier, or single, double or
independkent sideband transmission with various
degrees of carrier re-insertion, at a nominal
frequency of 250 KCS. The output of the CBE is
sent back to the Freguency Amplifier Model CHG-2,

6. Frequency Amplifier Model CHG-2 receives:

a) a 2 to 4 mc input from the CMO-1l, synthesized in
100 cycle steps.

b) a 1 mc input from Frequency Standard Model CSS-1
(3)



c) a subcarrier or sideband input at 250 KCS from
Sideband exciter Model CBE-1 or CBE-2.

The Model CHG-2 frequency translates the 2-4 mc
synthesized input from the Model CMO-1, and the
input from the Model CBE sideband exciter, to
provide a sideband output in the range 1.75 to
33,75 mcs, synthesized in 100 cycle steps.
Power for the Model CHG-2 is supplied by either
a Model CPP-1 or a Model CPP-5 power supply,
depending on the transmitter model.

Shown unconnected is the Tone Intelligence Unit,
Model TIS-3. (TH-39A/UGT) This unit may be
interconnected with the sideband exciter, Model
CBE, to provide FAX, FSK, or CW operation.

Nomenclatures:

The units described are available in many combinations

and arrangements.

For details on nomenclature, consult

TMC catalogs and Sales Bulletins.
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TITLE: TMC Phase Detector Circuit

OBJECTIVES:
a) to explain the operation of the phase detector circuit
used throughout TMC transmitting and receiving
equipment,

b) to stress the importance, simplicity and versatility
of the circuit.

KEFERENCES :

a) Technical Manual for Sideband Generator SBG-1l or SBG-2
(Modulator-Oscillator Group, AN/URA-30). (Section 4)

b) Technical Manual for Sideband Converter Model SBC-1
or SBC-2, (AN/URA-42) (Section 4)

TRAINING AIDS:

Chalkboard and associated materials.

PRESENTATION:

(Following figure to be sketched on chalkboard)

Y
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3
L 2
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A.

General Discussion:

1.

The purpose of the phase detector circuit is to
compare the phase difference between two
nominally identical frequencies and to produce
a correction voltage proportional to the

amount of phase error.

One input to the phase detector is locked to an
accurate frequency standard or reference; this
is termed the "reference" or "standard" input.

The second input to the phase detector is an
independent oscillator or source whose
frequency it is desired to control.

The correction voltage produced by the phase
detector is passed to control circuits, which
act to correct the frequency of the independent
oscillator or source.

In the typical TMC phase detector circuit, the
two frequencies are "locked in" when their
phase difference is plus or minus 90 degrees.
In this situation the average correction
voltage produced by the phase detector is zero.

when the fregquency of the independent oscillator
drifts by an extremely small amount, a change

of phase is seen by the.phase detector, which
immediately produces a correction voltage of

the proper polarity and amplitude to correct

the freguency of the independent oscillator,

The phase difference between the reference
frequency and the independent oscillator or
source is continuously changing by small
increments, but the average frequency of the
independent oscillator is kept constant.

Circuit Operation: (refer to figure #1)

1.

An AC voltage, el, is applied to Tl; this is
the reference or standard input signal, locked
to an accurate reference. This voltage is
developed across terminals 3 and 4 of Tl,
which is centertapped to ground.

When terminal 3 of Tl is positive, diodes CR-1
and CR-2 are back biased and no current flows
in R-1l. At point "A" is a high impedance to
ground. When terminal 3 of T-1 is negative,
diodes CR~1l and CR-2 conduct, developing a
voltage across R-1.

(2)



3. At the electrical center of R-1, with CR-1l
and CR-2 conducting, there appears an effective
ground, because of the centertapping of T-1.
Thus, with conduction through k-1, the wiper is
at ground if moved to electrical center, and
any signal at point A will be lost.

L. The correction voltage is developed at point A.
This correction voltage is a portion of e2,
the voltage of the independent oscillator,
also connected at point A,
whether this voltage is allowed to appear or not
depends on the phase relationship between e2 and el.

5. A simple relatioﬁship is given as an aid in
analyzing the waveforms on the following page:

a) when el is positive at terminal 3 of T-1,
e2 will be developed at point A,

b) when el is negative at terminal 3 of T-1,
point A is grounded and e2 will not be
developed at point A,

Adjustment of Phase Detector Balance Pot, R-1l:
1. Remove input eZ2,

2. Connect a zero center scale VIVM at point A.
Set meter for low DC voltage.

3. Have input el operating.

L., With R-1 fully CCW, maximum negative voltage will
be read. As R-1 is moved in a CW direction, the
negative voltage will decrease., At electrical
center, the voltage will be zero.

As the pot is moved CW beyond electrical zero,
the voltage will be positive; finally, at-
full CW position, the voltage will be maximum
positive. .

5, Set R-1 for zero volts. (electrical zero)

6. Re-connect input e2,



D. A Plot of Correction Voltage versus Phas Difference:
The fcllowing plot shows el, the standard, at a phase
angle of O degrees, with e2, the second input, at
various phase angles with respect to el. Relative
values of correction voltage are shown.

For sinplicity, the voltages are shown as square waves,
even though, in actual practice, most inputs are
sinusoidal. This in no way detracts from the validity
of the analysis.
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TITLE: Primary Frequency Standard Model CSS-1 (0-715/URA-31)
OBJECTIVES:

a) to describe the role of the frequency standard in the
Controlled Precision Oscillator system.

b) to discuss the circuitry of primary standards CSS-1
and CSS-1A, pointing up the differences in the two
models.

c) to demonstrate, with appropriate test equipment, the
alignment of the unit,

REFERENCES :
" a) Technical Manual for Model €SS-1 (0-715/URA-31)
b) TMC Production Specification #5-490 (CS5S-1)
¢) TMC Production Specification #S-658 (CSS-1A)
d) Schematic CK-441 (CSS-1)
e) Schematic CK-559) (CSS-1A)
TRAINING AIDS:

a) Model CSS-1, set up for operation.
b) Frequency Counter H.P. 524C.

c) Oscilloscope.

d) H.P., VIVM L10B or egquivalent.



PRESENTATION:

A. General Discussion:

1. Primary frequency standard Model CSS-1 is a dependable
stable crystal oscillator having an accuracy of 1 part
per 100,000,000 per day.

a) Output freguency is 1 mc,
b) Output amplitude is nominally 1.0 V RMS
¢) Output impedance is nominally 72 ohms.

2! The accuracy of all synthesizing circuits in the
Controlled Precision Oscillator system is derived
from the CSS-1.

3. Connections:

a) J=605: Power input

b) J-602: 1 mc output to CHG unit,

¢) J=606: 1 mc output to CHL unit.

d) J=603: 1 mc input for comparison.

e) J=601: 1 mc output to front panel for monitoring.

f) J-604: 1 mc input at front panel for comparison,

Note: On units now being shipped, the 1 mc output of
the CSS-1 unit is sent first to the CHG unit,
where it is amplified and then directed to the
CHL unit.

B. Discussion of Circuitry: (Model CSS-1)

1. Power Supply:

a) a conventional full wave bridge circuit is employed.
b) L-603 and C-608 form an LC ripple filter.

c) Cable W-601 is always connected, and the rectifier
circuit operates continuously.

d) at the junction of CR-601 and R-618 will be
measured approximately plus 28 V DC,



e) at terminal #3 of sealed unit Z-602 will be
measured plus 28 Volts. This voltage is applied
at all times to insure oven stabilization.

f) at the "high" side of C-610 will be measured
approximately 20 volts.

g) when S-601 is in the "standby" position, B plus
is removed from all circuitry except the oven,
and standby indicator I-601 is lighted.

h) when S-601 is in the "power" position, B plus is
applied to transistor amplifiers Q-601, Q-602 and
Q-603. The "power"™ indicator, I-602, is lighted.

i) Zener diode CR-€0l is used to protect transistor
circuitry from abnormally high voltages.

2. Sealed Crystal Unit Z-602:

a) sealed unit Z-602 contains a James Knights 1 mc
crystal transistor oscillator circuit and a
proportional oven., Oven heat varies with
crystal temperature.

b) a hatch at the top of the unit provides acess to
the frequency adjustment. This is a factory
adjustment only, and should not be disturbed.

c) power is applied continuously to the oven;
however, from a cold start, a 1 hour warmup is
required.

d) at terminal #6 of Z-602 will be measured about
2.0 V RMS,

3. Transistor Amplifier Circuits:

a) Transistor amplifiers Q-601 and Q-602 are
conventional circuits, in a parallel connected
common emitter configuration. The cbdllectors ar
tied together at the red term}nal of filter T-603.

b) Filter T-604 is peaked at 1 me. Vhen peaked, the
1 mc voltage at the blue terminal of T-604 is
about .8V RMS,

c) R-€17 is the output adjust potentiometer. The
full output of T-604 is delivered to phase
comparator amplifier Q-603. The signal input to
gar;l%i% amplifiers Q-601 and Q-602 is adjusted

y - .

()



L.

d)

T-603 is an additional filter peak d at 1 mc,
The 1 mc output is applied to J-602 and J-606
directly, and to front panel Jack J-601 through
a 2200 ohm isclating resistor.

"Lase Comparator Circuit:

a)

f)

the full output of T-6C4 is applied to conventional
common emitter transistor amplifier Q-603.,

The output, taken from the collector, is applied

to a phase comparator circuit,

the second input to the phase comparator circult
is also a 1 mc signal; this signal may be superior
or inferior to the internal 1 mc signal; but,

in any case, the sealed unit Z-602 should not be
tampered with,

if the two 1 mc signals are near coincidence
their phase difference will cause meter M-60i
to sweep; the number of sweeps per second is
determined by the difference between the two
signals in cycles per second.

when the two 1 mc signals are exactly in
coincidence, meter M-601 will remain stationary
at some point, not necessarily zero.

the RMS value of the applied extermal 1 mc signal
must not exceed 1 volt. When the signal exceeds
1 volt, attenuator pad R-621, R-622, R-623 must
be made up and connected at the points shown.

the sensitivity control, R-616, is adjusted from
the front panel for the convenéence of the operator,
according to the amplitude of the external 1 mc
signal, to prevent pinning the meter,



Notes concerning Standard Model CSS-1lA:

The instructor should now call attention to the
schematic of standard Model CSS-1A, pointing out
the minor differences in the models, among these:

a) T-604 has been replaced by a transistor emitter
follower stage. (Coupling capacitor C-612 added)

b) Output adjust pot R-617 value is changed from
1000 to 2500 ohms, .

c) R-618 changed from 50 ohms to 33 ohms.

C..Alignment of Standard Model CSS-1:

1.
2.
3.
L.

9.

10,
11.

Connect a 70 ohm load to J-602.
Place "Standby"™ "Power" switch, S-601, to "Power".
Turn output adjust pot, R=617, for maximum output,

Connect probe of VIVM at output (#6) of Z-602.
The voltage should be about 2,0 V RMS,

Place the probe of the VIVM to the "high" side of
R-617. Adjust T-604 for maximum reading. The
voltage should be about .8V RMS, (not in newer nits)

Place the probe of the VIVM across the 70 ohm load
at J-602, Adjust T-603 for maximum output. The
voltage should exceed 1.0 V RMS,

Place the probe of the VIVM on one of the yellow
terminals of Z-601, and adjust the slug for
maximum indication.

Place front panel sensitivity control R-616 in
maximum sensitivity position. Adjust the phase
detector balance pot, R-614, to bring the needle
of meter M-601 to center scale.

If the step above has been performed correctly,

the meter needle will not move from center scale as
the sensitivity pot is moved to the minimum position.
Adjust R=617 for 1.0 V RMS out at J-602,

This completes the alignment of the unit,



D. Troubleshooting:

1. In general, the alignment procedure constitutes an
excellent check on the general condition of the unit,
However, several points are listed here which may
be of value in tracing trouble.

2. The following readings were taken on a typical unit
during production test: NOTE: UNIT IS CSS-1A

a) L-603: plus 46 volts each side,

b) Junction R-618, CR-601: plus 29 volts.

¢) C-611 pin #5: plus 20 Volts,

d) C-612, both sides: 1.3V RMS.

e) R-617 tap: minimum: OV; maximum: 1.25V RMS
f) J-602, J-606: 1.5V RMS with R-617 at maximum,
g) Counter reading at J-602: 1 mc.

h) Z-601: yellow: 1.6V RMS with 2-601 peaked.

3. Conduction balance of amplifiers Q-601 and Q-602
may be checked as follows: |

a) measure, with a high impedance VIVM, the DC
voltage between Bl, Q-601, and B2, Q-602.
the polarity may be positive or negative,
depending on the positions of the probes,
but the voltage difference between these points
should not exceed .1 volt.

b) perform the steg outlined above with El and E2,
of Q-601 and Q-602, respectively.

c) the actual voltage to ground from Bl, B2, El, and
E2 is about plus 20 Volts. ‘

(¢)



SUMMARY :

The instructor should review the discussion of the Model CSS-1,
emphasizing important adjustments and indications.

It should be strongly noted that the trapdoor adjustment on
sealed unit Z-602 should not be tampered with.

If possible, a signal from WWV should be obtained and piped

in to the phase comparator circuit for a class demonstration;

in the absence of such a signal, a second CSS-1 unit should
be used.
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TITLE: Divider Chain Model CHL-1 (CV-928/URA-31)

OBJECTIVES:

a) to describe the functions of the Divider Chain in the
Controlled Precision Oscillator system; to emphasize
the importance of the unit and to show its dependence
on Primary Standard Model CSS-~1.

b) to discuss the circuitry of the divider chain, pointing
up significant circuit parameters.

c) to demonstrate, with appropriate test equipment, the
alignment of the unit.

REFERENCES :
a) Technical Manual for Divider Chain Model CHL-1.
b) TMC production specification # S-489.
¢) Display Schematic TMC # CK-386-F.
Note:

Additional information on the Phantastron circuit may be
obtained in the following commercial texts:

a) Radar Circuit Analysis; Air Force Publication 52-8,
b) Principles of Radar; MIT, 3rd edition.
¢) Principles and Practice of Radar, by H. L. Penrose.

TRYINING AIDS:

a) CHL-1 unit, set up for operation with CSS-1 and CFP-2,
b) Oscilloscope.
c) VIVM. |

d) Frequency Counter.

i



1 SESENTATION:

A,

Block Diagram:

2.
3.

[ 7

{ /160~

Primary Standard Model CSS-1 supplies & 1 mc signal,
accurate to 1 part in 100,000,000, at & nominal 1 volt
level, into an output impedance of 70 ohms,

Power Supply Model CPP-2 supplies all voltages reguired.
Divider Chain CHL-1 delivers:

a) outputs of 500 KC, 10 KC, 1 KC, and 100 cps to
Controlled Oscillator Model CLL-1.

b) a 10 KC output to Controlled ‘Master Oscillator,
Model CMO-l.

Circuit Description: ( refer to schematic CK-386-F )

1.

2.

The 1 mc signal enters the divider from the standard
at J-102, is coupled through transformer T-1Cl, and
is applied via diodes CR-101 and CR-102 to both
control grids of Flip-Flop multivibrator V-102,

The RF at the primary of T-101 is about 1 volt; at
the secondary, about 18 volts.

With a positive 60 volts on the cathodes and & positive
55 volts on the grids, diodes CR-101 and CEH-102 are
back biased, with the anodes 11 volts negative with
respect to the cathodes., Transformer T-1C eteps up
the input signal, but only the negative eycursbvn of
the input will initiate action of tbe circuit, due to
the bias on the diodes.



3. Statically, one section of V-102 is conducting and the
other is cut off. Assume that the left section is cut
off; then eb left is high. The right section is
conducting and eb right is low.

When the first negative excursion arrives, it will cut
off the right section, which will cause the circuit to
"f1ip"; the left section now conducts, This condition
prevails until the next negative excursion of the input
arrives, when the circuit "flops".

The period of the square wave at the output plate is

2 usec, corresponding to a frequency of 500 kes.

A plot of input frequency and plate voltage is shown.

T f T 1 mc input signal
' ? period: 1 usec

eb left section: (output)
period: 2 usec

eb right section:

L. The output, at pin 6 of V102, is coupled to two circuits:

a) a 500 KC amplifier.
b) an isolation amplifier.

5., The 500 KC amplifier is conventional. 1In its plate
circuit is a tank, peaked at 500 KCS. This output is
sinusoidal, with a nominal value at output jack J-103
of 3.4 volts,

6. The isolation amplifier is actually a differentiator
and negative clamping circuit., C-105 and Ek-109 form
a differentiator circuit, since t, the period, is
2 usec, and T, the time constant, is RC or .l usec.

7. Due to the clamping action of C-106, R-110 and V-1034,
the signal at the grid of V-103A is clamped negatively
from zero reference.



Plat voltage, V-102

Voltage across E-109

- f o Voltage at grid, V-103A.
t;ﬂnggz71k |
A A I~ -
;

8. The signal at the plate of V-103A is essentially a train
of negative spikes, spaced at 2 usec intervals. The
positive spikes at the plate are reduced by clamping
action and rendered ineffective by diode Ck-103,
Negative spikes, corresponding to a frequency of 500 KC,
are passed by CR-103 to trigger V-104, the 100 KC
Phantastron circuit. A brief description of this
circuit follows.

9. Phantastron Circuit V-104: (static condition)
Voltages are approximate only.

w_____/‘ilé_QK__C{ﬁf(zY) > B+
- RIIG RZK+
R-111 R-117
_(’55 9 T4y
c-lo¥ g ke _
A + 160V
/A//w:"—_f } 1 %< 4 i ’
? L A A I |
0 )} R-12 - - |
e : ’ ' o
JCoKA & = kisE : PPVt 3 /% A
X»f———AMMM—;;E_V.éJ« ANV
? /1 Még g ?' \\//—/OJT[“
i !’f"/&r‘/
S RIS S RaE SARKSL
:; JGOK 2 '
j,_._t._‘f.l/._.- -
Z Rilb ‘
3 6.8K2
( .
f =+
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a) Statically, a voltage divider to B plus from the screen
causes 4,27 ma, of screen current to flow. The screen
then rests at 66 volts. The control grid, pin 1, is
also connected to B plue through a voltage divider, but
the large value of resistance in the grid circuit holds
this current to a very small value., Total cathode
current is 4.54 ma,, and this current puts pin 2 at 10
volts, Note that this current is made up, for the most
part, by the screen current. Voltage divider action at
the suppressor places pin 7 at 5 volts. Since the cathode
is at 10 volts, the suppressor is -5 volts with respect
to the cathode. This is sufficient bias to cut off the
plate, which rests at 160 volts,

Note that Ik - Isg is 370 ua. This represents the total
control grid and suppressor current, a very small
percentage of the cathode current,.

Capacitor C-109 is charged to 150 volts, the difference
between the plate and control grid voltage.

b) Negative triggers arrive at the plate of V-104 every
2 usec. These initiate the first phase of the
phantastron division: a rapid, almost instantaneous
change in circuit conditions,

Note: the idealized waveforms on the following pages
should be examined in conjunction with the
explanation which follows.,

c) When the first trigger arrives, the plate voltage drops;
capacitor C-109 sees a change of charge, causing the
control grid to go sharply negative. Control grid
current ceases abruptly; the cathode follows the grid
and drops to a very low value. The screen voltage
rises sharply, because screen current is reduced to a
very low value, The supgressor is no longer able to
cut off the plate, and plate current flows, This
ends the first phase of the phantastron cycle.

d) As C-109 discharges through R-155 and part of R-1l4,
the grid voltage is allowed to rise, plate current
increases, the plate voltage falls, and C-109 sees
a new change of charge. This action continues
throughout the second phase, resulting in a linear
decrease of ep and esg, and a linear rise of ek and eg.

[

e) During the second phase, triggers following the initial
trigger are blocked by diode CR-103, because the plate
voltage is now lower, and the cathode of CR-103 is at
substantially B plus,

The second phase ends when the plate is again cut off

by rising cathode voltage. Capacitor C-109 quickly
charges to B plus via the cathode and very low resistance
between the conducting control grid and cathode

This recovery phase is rapid, but not so rapid as the
first phase of the phantastron operation

)



Jdealized Phantastron Waveforms

Input Triggers

Plate Voltage

Control Grid Voltage

Cathode Voltage

| to  Screen Voltage (output)




f) The time width of the second phase may be adjusted by
R-114, the 100 KC adjust pot, in the grid circuit,
This width may be set to coincide with the 4th ( 8us),
5th ( 10 us), or 6th (12 us), trigger,

For a frequency division of 100 KCS, R-ll4 must be
ad justed so that the recovery is accomplished just
prior to the arrival of the 5th trigger.

Ous 2 4 & ¥ 0 /2

- ‘= ‘I"—'triggers to phantastron

B+
plate waveform

h\

| ]

T

‘ -h'\-\

§ | screen waveform
i I *66

10. The output, taken from the screen, is differentiated by

C-110 and R-120, C-111, R-121 and V 103B form a
negative clamping circuit. Thus, at the plate of
v-103B appear negative triggers, 10 usec apart,

A 100 KC test point is taken from the cathode circuit
of V-103B.

f /0t S N |
- differentiated output
\‘> at R-120
— — r _e
——pe e O  clamped waveform at
\‘ ; grid of V-103B
1 L .

output triggers at plate
of V-103B

R

(7)



11.

12.

L g

The triggers from the plate of V-103B are used to divide
the 100 KC down to 10 KC by means of another phantastron
circuit, V=105,

The remainder of the CHL-1l circuitry is similar to the
preceding, except for circuit values. Three 10: 1
dividers count down the frequency to 10 KC, 1 KC and

100 cycles. All outputs are taken from BRG Jacks at

the rear of the chassis.

The following ad justments are located on the top of
the chassis: '

a) 100 KC adjust: R-114
b) 10 KC adjust: R-124
¢) 1 KC adjust: R-135

d) 100 cycle adjust: R=147

On the following page is a chart showing oscilloscope
waveforms taken with a Tektronics Model 545. In addition,
RMS vacuum tube voltmeter readings are given.

(s)



Oscilloscope waveforms at output jacks: CHL-1

-— = ——

X4 J/03 So00KC ouTPUT
lus [ cm

| _ VTVM: 3.4V Ac

24,
JI04 JOKe ouTPUT
v . 204:/ cM
, 2\ Yv7Vm: 3.3V pcC
< L0048 >
<_£Qaﬂ..§___>
- TI08 IKC 0vTPUT
2% Rms [fcm
L] — N VIVM: % 0V AC
AMS N
) 7
<__L/ﬁ§___>
PW /o0v J106 /00~ OurPyl
< 2Ms/cm
Vrvm /8v AC
< A?OM'I_( ;
<__M_'m.i_>
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C. Alignment of Model CHL-l1 Frequency Divider

1. Equipment required:

a) CHL-1 unit, set up for operation with CSS-1 unit
and CPP-2 power supply unit,

b) Frequency Counter. (Hewlett Packard 524C)

¢) Vacuum Tube Voltmeter. (H.P. 4L10B)

Note: an oscilloscope is not required for alignment,
but will be found useful for examination of
waveforms, ‘

2. Set up the equipment as shown in the sketch below,

Teo2 Jio02 Jio! T 03 Trod oo
o — O o1 Pee—1O -2 < DomR
Css-) 1mc CHL-1 Pow&R cPp-2 INPUT
| veos
Péol
POWER
INPUT

3. Measure the 1 mc voltage at the primary of T-101; it
should be 1 V RMS., If necessary, adjust R-617, the
ocutput adjust pot on the CSS-1,

4. Connect the VIVM to the 500 KC test jack, Tune L-102
for maximum output., The voltage should be approximately
3.4 V RMS, Connect the counter to the 500 KC test jack.
It should read 500 KCS. 4

5. Connect the counter to the 100 KC test jack., Adjust
R-114 until the counter reads 100 KCS, Leave R21l14 in
the center of the range over which 100 KCS is obtained.

6. Connect the counter to the 10 KCS test jack. Adjust
R-124 until the counter reads 10 KCS. R-124 should
be left in the center of the range over which 16 KCS
is obtained. When the VIVM is connected to the 10 KC
test jack, it should read approximately 3.3 V RMS,

7. Connect the frequency counter to the 1 KC test jack,
Adjust R-135 to the center of the range which gives a
reading of 1 KC. When connected here, the VIVM should
read approximately 4.0 V. RMS

8. Connect the counter to the 100 cps test jack Adjust
R-147 to the center of the range which gives a

(9



reading of 100 cps on the counter. The VIVM connected here
should read approximately 18.0 V RMS.

9. Lock
unit.

SUMMARY :
1.

2,

.

all controls. This completees the alignment of the CHL-1

With schematic CK-386-F, review the circuitry and
important points. (fig, III(D)-8-1 of tech. manual)

Emphasize that the 1 mc signal feeding the unit must be
accurate and stable,

Note that any malfunction in any divider will affect
all subsequent circuits.

()



Model CHL-1 Voltage Chart

A, Chart #1: DC Voltages, 1 mc input disconnected
/I 12|13 |41 51617 18%8 9
V=101 O |0 Vo5 |\Fre \Fu t20 1185 | — | —
V-102 /120 |60 |6F \Fre |Fre Y20 |60 (6§ |F/e
v-103 O 5210 lFe lerclips|o oo lzu
V-104 /e e o0 |sF |54 — | —
=105 16 | 16 \Fre \Fre (160 165 | S4 ) — | —
V-106 /50| 0 |28 |An |gre liss O | 3 |Fe
V-l07 . V80 |20 |Fu |F1e (160176 |SH# | — | —
V=108 /6 /6 \Fre \Fre o076 153 1 — | —
B. Chart #2: DC Voltages, 1 mc input connected
/12|32 |4 (4 ¢ |\ 7 1& |7
=101 O V=131 x2 \Fre g 43017431 — | —
=102 /357150 |68 [Fre \Fre/30 158 162 |F/e
V=103 2o 1-3 | o i | Fril|150 =921 .9 | Fi
T Z7 V0 Vil 26| (0 |5\ — | —
s \e P e 15 42 |5 | — | —
49 |-40|.22 |Fr [Freliss|-/6 | .55\ Fre
V8|2 VP \pre o p2s | 5w | — | —
(S 163 K lFre |88 130 |52 ' — | —
'
C. Chart #3: AC Voltages
/ 1213 |« 156 |7 |£]9
V=101 O /5190 e \prujsropl 0 | — | —
V=102 /0 | £ | O e \FrLlyw 510 \F/e ]
V=103 22 12 V@ \Fru \Frid lw 27 \Fre
V=104 2 \PRIFw \Fri i/ 12 .7 | — | —
V-105 /& | /5 |Fu \En |36 2o |0 p— |—
V-106 . 1Y 3L 46 e JF (16 | /6 V34 |Frt
VelQ7 .. {74 W/ Fa jFeie {2/ [ 2 [ — | —
V=108 13 9.5V V| 4fh V1T LRl — | —

(z)



Model CHL-1 Resistance Chart

Unit completely disconnected. All readings to ground.

/1213 41351 l7 18 19
V-101 — VIOK|SEK | INF INF 35K | 250 — | —
V=102 30K |37 KIIK UNF UNF 3o KI37KIF K (INF
V=103 (35K |/M | 0 {INFlINF|30K | M (240 InvF
V=104 IM RRAKIINF UNF le/KIKMKI7ZK | — | —
V=105 AMI3SK | 0 \Frk 110K SoK 165K | — | —
V=106 0K 1AM 1250 |/INF UNF |R6K 1M |220UNF
V-107. M _BSKUNF UNF o KldoK 165K — | —
v-108 2 /M 13.5K | INF UNF YroKI5oK 169K — | —

(3
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TITLE: Controlled Oscillator Model CLL-1 (0-717/URA-31)
OBJECTIVES:
a) to explain the function of the Model CLL-1 controlled
oscillator in the Controlled Precision Oscillator
systen,

b) to discuss the circuitry of the Model CLL-1, pointing
up significant circuit parameters.

¢) to demonstrate, with appropriate test equipment the
alignment of the unit.

REFEREN CES:
" a) Technical Manual for CLL-1 (0-717/URA-31)
b) TMC Production Specification #S-491.
¢) Schematic of CLL-1 #CK-446,
TRAINING AIDS:

a) Model CLL-1l unit, set up for operation with CSS-1,
CHL-1, and CPP-2 units.

b) Oscilloscope: Tektronics Model 545, or equivalent,
c) VIVM: H.P., Model 410B, or equivalent.
d) Freguency Counter: H.P. 524C.

(1)



PRESENTATION:

A., General Dis.ussion:

1. Block Diagram:

Seo K¢S \ P

/D KES g} KeS 100~ | 570- 579.9 XS M N
< O D O /60~ STEPS -

o0 Cer-/

‘éuﬁg cPp- 2

2. Gontrolled Oscillator Model CLL-1 receives inputs at
~ 500 KCS, 10 KCS, 1 KC, and 100 CPS from the Model
CHL-1 frequency divider. The Output of the CLL-l is
a frequency in the range 510.0 - 519.9 KCS, in 100
cycle steps, depending on the settings of the
KILOCYCLES and HUNDREDS front panel controls,

3. The operation of the unit depends on three synthesizer
loops, each of which will be discussed in detail,

L., A monitor oscilloscope on the front panel provides a
rapid check on the operation of each loop.

5. Power is furnished by the CPP-2 unit.

6. The 510.0 - 51G.9 KCS output is used to synthesize
the frequency of Controlled Master Oscillator Model
CMO in the range of 2 to 4 MCS, in 100 cycle steps.

7. On the CLL-l, the KILOCYCLES and HUNDREDS knobs are
set to correspond with the THOUSANDS and HUNDREDS
digits of the CMO output frequency. The process is
repeated for every 10 KC increment of CMO frequency.

EXAMPLES :

CMO_OUTPUT CLL KC DIAL __ CLL HUNDREDS DIAL CLL OUTPUT
2,000,000 0 0 510,000
2,525,500 5 5 515,500
3,248,900 8 9 518,900
3,258,900 8 9 518,900
3,344,200 L 2 511, ,200

(2)



B. Operation of Loop #1:

1. Block Diagram: [= 1] KC
068
/60~ V708 | /- 1.9 KE pEr |Cere S V7064 V7
‘ 7oA 7~ 11.9 KC
R VEE g é veLr Toae osc
Y
/0KCS V7 /0 #CS v 707
7 AP conv. d
/=15 ¢
7o
LooPR 3
[%
v 5§r,¢ AL 70 _Foki2 oNTRE DEFLECTION CKTS §
DEFL ECTION
cKTs

2. The input to harmonic selector V-705 is 100 CPS,
Harmonic selector V-705 selects the 10th to the 19th
harmonic of 10C CPS, depending on the position of
S-702, the HUNDREDS switch. This represents
frequencies in the range 1 XC to 1.9 KCS, which are
passed to a phase detector circuit,

3, The 10 KCS input is amplified by V-711, and sent to
converter stage V=707, The second input to
converter stage V-707 is the output of an internal
11 to 11.9 KCS oscillator, V-706B, the exact
output of which is determined by S5-702, the
HUNDREDS switch.

L. The output of converter V-707 is a difference frequency
in the range of 1 to 1.9 KCS, This is the second
input to the phase detector circuit. The output of
the phase detector is a correction voltage, whose
characteristics depend on the phase difference between
the two applied 1-1.9 KC inputs.

5. The correction voltage is applied to reactance tube
V-706A, which is designed to "pull in"™ the frequency
of internal oscillator V-706B.

6. The output of loop #1 is a frequency in the range of
1l to 1.9 KCS, phase locked by the accurate 100 CPS
and 10 KCS inputs. This output is sent to loop #3,
and, via selector switches, to the horizontal

¢ deflection circuits of the monitor oscilloscope.

The vertical deflection circuits of the monitor scope
are fed by harmonic selector V-705, Thus, with the
loop synthesized, a rectangle will be observed on the
monitor scope in each position of S-702, the
HUNDREDS switch.

(3)



Detailed Discussion of Loop #1:

Refer to F° e III (E)-4-1: Loop 1, CLL-1 Tech Manuel

1.

Lo

5.

The 1C5 CPS input from the CHL-1 enters at J-704 and
is yresented to V-7C5, the harmonic selector, which
i: initislly unbiased. The stage will develop grid
leak bias due to clamping action and the output will
be rich in harmonics,

HUNDEEDS switch section S-702A selects the proper
capacity to resonate at the desired harmonic with
L-710, a 60 mh choke.

The output, designazted as the " 1 - 1.9 KC standard",
is delivered to the phase detector at the wiper on
R-755, the balance adjust potentiometer, and to the
verticel deflection circuits of the monitor scope.

Tﬁe 10 KCS input from the CHL-1 enters at J-705 and
is amplified in V-711, The 10 KCS output of V-711
is delivered to Grid 3, pin #7 of converter V-707.

The second input to converter stage V-707 arrives at
grid 1, pin #2 from V-706B, the internal 11-11.9

KCS oscillator, whose frequency determining
characteristics depend on the setting of switch
S-702B.

The output of converter V-707 is a difference
frequency in the range 1 to 1.9 KCS. This is the
second input to the phase detector, applied at T-703.
Note that the components and switching arrangements
in the plate circuit of converter V-7C7 are

identical with those in the plate section of V-705.
This second 1 - 1.9 KCS signal is designated as the
"synthesized™ 1 - 1.9 KC signal and it is applied
not only to the phase detector, but to the horizontal
deflection circuits of the monitor scope, and to
loop #3.

The correction voltage developed by the phase detector
is taken from the wiper of R-755, and passed through
low pass filter R-748, C-793 thence to the grif of
reactance tube V-706A, The reactance tube shunts

the internal oscillator V-706B with the proper
reactance to correct its frequency.

(4)



D.

Operation of Loop #2:
1. Block Diagram:
9-18
V70/R V7018 V702 A

HARMONIC KCS} é N CATNODE! Ri»cﬁon%

Sceecrol | Istp | DET Fois. 7u8E |
\ A CORR

y
| ke -,8 (V7034 V702 B
INPUT NC F-78KC
~ | 70 sofr2onraL ScoPE ATy
To V70K LogP 3 >
70 VERTICRL ScoPE ckT N

2. The 1 KC input from frequency divider CHL-1l is applied
to harmonic selector V-701A., This stage selects the
9th through the 18th harmonic of 1 KC, depending on
the setting of S-701A, the KILOCYCLES switch.

The output, 9 to 18 Kés, is applied to a phase detector
circuit, and, via the monitor scope selector switch,
to the vertical deflection circuits of the monitor.

3, V-702B is an internal oscillator, whose output frequency
1s 9 to 18 KCS, in ten steps, depending on the setting
of KILOCYCLES switch S-7C1B,

The output of this oscillator supplies input to
amplifier V-703A, and is also sent to the horizontal
deflection circuits of the monitor scope.

L. The amplified 9 to 18 KC output of V-703A is applied

5e

to the phase detector circuit and to the circuitry
of loop #3. )
The phase detector compares the phase of the two 9-18 KC
inputs and develops a correction voltage which reacts

on internal oscillator V-702B via cathode follower
V-701B and reactance tube V-702A,

The output of loop #2, then, is a 9 to 18 KC signal
phase locked to the accurate 1 KC input from the
frequency divider model CHL-1.

When the monitor scope switch is thrown to "L-2",

a rectangle will appear if the "standard" and
"synthesized™ 9 to 18 KC signals are locked in.

(5)



Detailed Discussion of Loop #2:
Refer to F.,ure III (E)-4-2 Loop #2, CLL-1 Tech Marual

1, The 1 KC input arrives at J-701 and drives unbiased
.ge V-701A to produce an output rich in harmonics.

u‘,JLA part of the KILOCYCLES switch, shunts L-701
with the proper capacity to resonate at the 9th
through 18th harmcnics of the input. A portion of
this output is tapped off L-701 and sent tc the
vertical deflection circuits of the monitor scope.
Another output is coupled through C-711 and
delivered to the phase detector at the balance pot
-wiper, R-712,

2. ‘V-702B is an internal oscillator, the output frequency
of which is determined principally by L-702 and
capacitors switched in by S-701B; part of the
KILOCYCLES switch., Trimmers C- 719, C-721, C-723,
C-725, C-727, C-729, C-731, C-733, C=735 and

C-739 adjust the frequency on each position of

S-701B during alignment.

3. The 9 to 18 KC oscillator output, taken from the
cathode of V-702B, is applied to amplifier V-703A,
and to the horlzontal deflection circuits of the
monitor scope.

L, The output of amplifier V-703A is the second input to
the phase detector circuit, applied at T-704. At
this point the output tc loop #3 is elso taken,

5. The correction voltage developed by the phase detector
at the wiper arm of R-712 is sent to cathode follower
stage V-701B. The output of the cathode follower
feeds reactance tube V-702A, which "pulls in" the
internal oscillator V-702B to the correct frequency.

(6)



F.

Operation of Loop #3:

l. Block Diagram:
——————> 70 VERTICHL ScoPE CKTS

r o3
v7oY | wes 279/ V7
conv “Sass > smp
NN
/-7 FKC Fror 4oof |
Sro-
/0-79.9 KCS v70§ £19.9 V70
comv. |° Kes AMP
G-1§KC FROM ‘ Soo KC 0. 579.9 k€S
LOGP 2 INPUT ovurpul

2. V-708B is an internal oscillator with an output
frequency of 510 - 519.9 KCS 'in ten steps, as
selected by the KILOCYCLES switch, S-701D, and
HUNDREDS switch, S-702D., The output is amplified
by V-71C and applied:

a) to the output jack J=703.
b) to converter stage V-709.

3, The second input to converter stage V-709 is
500 KCS, supplied by frequency divider model CHL-1.
The difference frequency output is in the range
10 - 19.9 KCS, and this signal is applied to
another converter stage, V=704, The second input
to converter stage V-7OL is the 9 to 18 KC signal
from loop #2.

L. The output of converter stage V-704 is a“difference
frequency, in the range 1 to 1.9 KCS., This is sent
to a phase detector circuit via a low pass filter
and amplifier stage V-703B. The low pass filter has
a cut off frequency of 2 KCS,

5., The phase of the two 1 - 1.9 KC inputs applied to
the phase detector is compared and a correction
voltage is developed and sent to reactance tube
V-708A, which keeps the 510 - 519.9 KC oscillator
"locked in"

(7)



;v Detailed Diecussion of loop #3:

Kefer to Figure IIT (E)-4-3 Loop #3, CLL-1 Tech Manual

1.

2.

V-70838, an internal 510 - 519.9 KCS oscillator, has
e. ivs primary freguency determining components
L-707, L-7C8, C-763, and C-765.

With S-7ClD is pcsition ¢, and S-702D in position 9,
L-708 is adjusted for an cutput frequency of 519.9 KC,
rlus or minus 5 KCS, Then L-707 is adjusted for an
output fregquency of 519.6 KCS, plus or minus 10 CPS,
Trimmers C-772 Through C-780 are adjusted for the
proper frequencies on the other switch positions,
i.e., 518&,9C0 CPS, 517,900 CPS, 516,900, etc.

Then S-7C1D is placed in position 5, wh{ch
represents a freguency of 515,900 CPS; trimmers
C-782 through C~790 are adjusted for each position
of S-70zD for output freguencies of 515,800,
515,700, 515,600, etc.

The output, taken from pin & of V-708B, is applied
to amplifier V-710,

R.F. transformer T-702 is peaked for maximum output
at output jack J-703, >

At the "yellow"™ dot on T-702, the output is sampled
and applied to the control grid of converter stage
V"709 .

The seconc¢ input to converter V-7C9 is 500 KCS,

from J-7C<. The plate circuit of V-709 is resonant
to the appropriate difference frequency, by means of
L-70¢ and capacity inserted by S-701C. The
difference frequency is in the range 10 - 19,9 KCS,
This is applied to grid 3, pin #7, of converter V-704,

The second input to converter V-704 is the 9 - 18 KC
signal from loop #2, applied to control grid pin #2.
The difference frequency is in the range 1 - 1.9 KC,
and it is applied to terminal #1 of Z-701, a low pass
filter with a cutoff frequency of 2 KCS,

The output of Z-701, pin #2, is applied to amplifier
V-7C3B, the output of which is applied to the

phase detector at T-704,

In addition, the output of V-703B is applied, via
F=7¢2, to the vertlesl deflecticn circuits of the
monitor scoepe,

(8)



5, The second input to the phase detector, 1 - 1.9 KCS
from loop #1, is applied at the wiper of R-763.
The correction voltage, developed at this point,
is applied to reactance tube V-708A, which corrects
the frequency of the 510 - 519.9 KCS internal
oscillator, V-708B.

6. The horizontal deflection circuits for loop #3 are
fed from the plate of V=707, the 1 - 1.9 KC
converter in loop #l. Thus, for a rectangular
pattern in loop #3 position, loops #1 and #3 must
be operating properly.

H. Monitor Scope Circuits: Block Diagram:

A+ PLare Vro7 10§ KE1 __L_:—

La CATH yzord 9-18KC 5 V7125 ]
| A0R)2Z
A/M“WW*”&3/* ortP | I
i,

‘
|
|
\

LAT, qals
L, PLATE Vo8 (-19K% 1 TV

La PULRTE Y201k 5./?%2 | VEA’;
- )
L3 PiRTE V7038 1-19% 3

1/




I.

Alignment of Controlled Oscillator Model CLL-1:

Refer to Test Procedure Section of 8R:;-2
Technicel “enual page 11I1-6-19,.

(10)



I, Significant Waveforms to be
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observed:
J-702 : S00KC /NPUT™
Jus / ¢t
vrvst: 3.¥# V AC

J-705: JOKC /NPYT
Rous fcm

vivm: 3.3V ARC

J-701 IKC /NPUT
RS /c~1

VTVM @ 4oV AC

T-704: /00~ /NPUT
RMs [ cm

Vrvm: /¥vAcC

J-703: 5/0- £/9.9 KC evTPUT”
Swms fcry

Vrvm: 14V Ac
KC, HuwokEDS KNoBS AT 0, 0.

WARVEFORM SHIFTS SLIGNTLY
RS AMNLBS HRE MOVED,



p4
N

7P-5 J-7/
«LMS / cM
AIWOREDS erc‘// s7r0"
s /KC
WRVE foRM SWIFTS RS HunDREDS
AnvoB MOVvED,

7P-8 J-7/#

A0S / CH

HONDRELS SWITCH AT 0"
WAVEFOLY SHIFTS BS MHUNDREDS
KNOBS MOVED,

7FP-! JT-707
Sous/em
K14ocyCcLES SWiTcH 5T L (70 kc)

WRVEFORM SHIFTS AS KC ANOE MOVED
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111-6-9 Test Procedure for Sideband £xciter Model CEE-l or
CBz=-2 as used with the SBG sideband genersator,

FPigure III1-56-§

Alignment test setup for sections 1 and 2,

E-201 JJ| ¢B2-1,2 | 3-202
> h
J=201 70
250 Ke ohms
&ulio )
gen, TG CHG=-2 ' VTVM tounter
Distortion Test setup for section 3.
CBe-1,2 ¢ CrnG=2
TG -293 250Ke [7-2704 |u.P.
! VTVM
J=2705% 70 ohms
VOX | Analyzor -

Note: The CBE-1 and the CBi-2 differ in one respect, the
USB ana LSB filter for the CBE-1 has a bandwidth -
cf 7.5 ¥c eand the CZ:-2 a 3.5 Ke bpandwidth.

{
c
+

Revised: /664
q

) -
111-6-27 e K & &/ﬂd\

Faul Z. Grove



CBE-1,2 Alignment Procedure as used with CHG-1.

Test Equipment Required

1
2
3
4
5.
6
7
8

Frequency Counter: H.P. 524c, or equivalent.
A.C. VTVM (Ballantine Model 314 or equivalent).
70 Ohm Non-Inductive Resistance.

Panalyzer Model SB-12 A.

Variable Frequency Oscillator: Model VOX.

Audio Generator: H.P. Model 200cb.

Two Tone Generator.

AC VTVM (H.P. Model 410c¢).

Preliminary

(a) Remove Unit from the frame using the top of the
CHG-1 as support.

(b) Connect the 70 ohm non-inductive resistor to J-202.

(¢) Turn USB and LSB selector switches to OFF.

(d) Turn carrier level control OFF (Max. CCW).

(¢) Connect and turn AC power ON.

(f) Connect 250 Kc from CHG-1 to J-201. 1Insure that it
is 1 to 1.5 Vrms. (2.8 to 4.2V Peak to Peak)

Alignment

(a) Set the Two Tone Generator for a single tone.

(b) Connect the TTG (Two Tone Gen.) output to E-201, Terminals
2 and 4. (Balanced or Unbalanced depending upon output
of the TTG.), Insure that the USB and LSB switches are OFF.

(c) Adjust the output level of TIG for 0.025 V Unbalanced, or
0.012 V Balanced. (-30 DBM).

(d) Turn R-213 Max. CW to feed 250 Kc to T-203.

(e) Connect the probe of the VIVM (Ball.) to pin 1 of V-204,
plate of the RF amplifier. (Approx. 1 to-2 Volts).

(f) Adjust the top and bottom slugs of T-203 for Max. Indication.

(g) Adjust R-213 and C-216 for Min. Indication on VTVM.

(h) Turn R-244 Max. CW to feed 250 Kc to T-206.

(i) Connect the probe of the VIVM (Ball.) to pin 1 of v-208,
plate of the RF amp. (approx. 1 to 2 Volts).

(i) Adjust the top and bottom slugs of T-206 for Max. Indication.

(k) Adjust R-244 and C-233 for Min. on the VIVM.

Adjucstment of Combining Network

(a)

Connect Ball. VIVM to the out terminal of Z-201; set
USB switch to Channel 1, Adjust USB gain for a 0.1 V
on the VTVM.

TT7 aRe?2F
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Adjustment of Combining Network - (Continued)

(b)
(c)

(d)
(e)

(£)

Turn USB switch to OFF (DO NOT touch USB gain Control).
Turn LSB switch to Channel 1, connect VIVM to OUT terminal
of 2-203,

Adjust LSB gain control for 0.1 V on the VITVM.

Connect the VIVM to the IN terminal of Z-202: Note VTVM
indication. Turn OFF LSB switch and turn USB switch to
channel 1, both indications should be the same.

Adjust R-237 until both Sidebands read the same when
switching from USB to LSB.

Checking Sensitivity Of USB and LSB Channels

(a)

(b)
(c)
(d)

Put the 1SB selector switch to Channel 1, put the USB

selector switch to OFF, carrier level control to OFF (Max.CCW),
LSB gain to Max. CW.

Check with the VTVM that there is 0.05 V at the grid of the
first audio amplifier V-207, pin 6.

Connect the VIVM to the 70 ohm resistor connected to J-202,
indication should be greater than 0.12 volts(.12 - .2 V).

Put the LSB selector switch to OFF, USB selector switch to
Channel 1, USB gain control Max. CW. The VIVM connected to
J-202 should again indicate greater than 0.12 Volts.

Meter Adjustments end Carrier Level

2.

(a)

(b)
(c)

(d)
(e)
()

USB selector switch to Channel 1, LSB switch OFF, carrier
level control to OFF, adjust USE gain control so that the
VIVM connected to the dummy load at J-202 indicates 0.12 V.
Adjust R-216 (USB meter adjust) so that the USE meter
indicates 100%.

Set LSB selector switch to Channel 1, USB switch to OFF,
Carrier level to OFF, adjust LSB gain control so that

VIVM connected to J-202 indicates 0.12 Volts.,

Adjust R-247 (LSB meter adjust) so that LSB meter indicates
1007%. :

LSB and USB selector switches to OFF, Carrier level control
to 0 DB (Max. CW).

Adjust R-236 (carrier insert) so that VTVM connected to
J-202 indicates 0.12 volts,

CHECK FOR BANDWIDTH

(a)

(b)
(c)
(d)

Connect an audio oscillator across a 600 ohm resistor to
terminals 2 and 4 of E-201.

Set the oscillator to have an output of .05 volts at 1Kc.
Set the USB selector switch to OFF.

Set the LSB selector switch to Channel 1.



2, CHECK FOR BANDWIDTH - (Continued)

(e)
(£f)
(g)

(h)

(1)

&)
(k)
(1)
(m)

(n)

(o)

(r)

Connect the probe of the Ballantine meter to output of
filter 2-203

Connect counter to the output of filter (same point as
previous step).

Vary the audio generator between 250-7500 cycles for the
CBE-1, or 250-3500 for the CBE-2 to obtain the peak reading
on the meter. Adjust the meter to any convenient reference
point. This will appear at approximately 2000 cycles for
both units. CBE-1 and CBE-2.

Vary the audio generator towards the lower frequency side
250 cycles for the CBE-1 or 250 cycles for the CBE-2. Note
and record the frequency when the meter indicates a reduc-
tion c¢f 1db, 2db, and 3db. Now tune the generator towards
7500 cps. Note and record the second frequency at the 1db,
2db, and 3db points. While tuning the generator to 7500
cycles from 250 cycles for the CBE-1, 3500 from 250 cycles
for CBE-2, watch the meter for any variation greater than
3db below the point which has been set as a reference point.
Subtract the two frequencies at the 3 db points., This
should be less then 7250 cycles for the CBE-1 and 3250 cycles
for the CBE-2.

Set the LSB selector switch to OFF.

Set the USB selector switch to Channel 1.

Connect the probe of the Ballantine meter to the output of
the USB filter Z-201

Connect counter to the output of filter (same point as pre-
vious step).

Vary the audio generator between 250-750C cycles for the
CBE-1, or 250-3500 for the SBE-2 to obtain the peak reading
on the meter. Adjust the meter to any convenient reference
point. This will appear at approximately 2000 cycles for
both units. CBE-1 and 2.

Vary the audio generator towards the lower frequency side,
250 cycles for the SBE-1 or 250 cycles for the SBE-2. Note
and record the frequency when the meter indicates a reduction
of 1 db, 2 db and 3 db. Now tune the generator towards

7500 cps. Note and record the second frequency at the 1 db,
2 db and 3 db points. While tuning the generator to 7500
cycles from 250 cycles for the SBE-1, 3500 cycles from 250
cycles for the SBE-2, watch the meter for any variation
greater than 3 db below the point which has been set as a
reference point.

Subtract the two frequencies at the 3 db points. This
should be less than 7250 cycles for the CBE-1 and 3250 cycles
for the CBE-2.

3. DISTORTION TEST

After having aligned the unit as per 1 and 2 and completed the

I77=-6=-30



3. DISTORTION TEST - (Continued)

alignment of the CHG-2, the distortion test can be made.

Preliminary:
1. 1Input from TIG to CBE - @.012 volts (Balanced) o.025 volts
(Unbalanced).
2, Output of CBE to CHG should NEVER exceed 0.12 volts. (PEV).
3. Output from CHG(250 Kc) to CBE 1 to 1.3 volts RMS,
4., Set up Panalizer as follows to measure distortion:

5.

TEST

wr 00 Hhd QO TR

gain--Fully clockwise.
Amplitude scale switch to LOG.
Cal. Osc. Level to OFF.

Input attenuation as needed.
Sweep width selector to 10 Kc.s
AFC---0OFF.

The VOX should be set 500 Kc higher than the output of
the CHG-2 output Freq.

VOX Output 0.1 ma.

TTG audio selector switch set for two tones.

CHG properly tuned and H.P. VIVM connected as per fig. 2.

e 09 Hh oD onN on

e

Connect the equipment as shown in Fig. 2,

Turn the carrier level control OFF.

Turn LSB to OFF.

Turn USB te channel that audio is coming in on.

Adjust USB gain until USB meter indicates 1007%, then
turn selector switch to OFF.

Turn LSB to channel that audio is coming in on.

Adjust LSB gain until LSB meter indicates 100%, then
turn selector switch to OFF.

Adjust carrier level control to 0 DB(Max. Cw).

Tune the CHG and set the output level control so that
the VIVM connected to J-2704 indicates 8.5 volts.

Using the input attenuator switches on the analyzer |
adjust the amplitude on the screen as close as possible
to the zero(C) DB line, then adjust the gain control so
that the indication is ze*o(O) DB.

Now turn the Carrier level control OFF (Max. CCW). The
carrier should be down on the analyzer screen a - 55 DB.
If anything else appears on the screen it should be
down - 60 DB.

I11-6-121



TEST -(Continued)

1. Turn USB selector switch to appropriate channel, two
tones should appear on the screen at - 6 DB and
intermodulation distortion should be down - 45 DB
from the two tones or - 51 DB from original setting.

m. Check the LSB by the same method as above with the
USB OFF and using the appropriate controls.
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TITLE: FREGUENCY AMPLIFIER MODEL CHKG-2 (AM-2505A/URA-31)

OBJECTIVES:

a) to discuss the role of the Frequency Amplifier Model
CHG-2 in the Synthesized Sideband Generator system.

b) to investigate the circuitry of the various sub units
of the liodel CHG-2, by means of block diagrams and
circuit schematics.,

c) to trace signals through the system in various positions
of the bandswitches.,

d) to discuss the alignment procedure in detail, as an
aid in understanding the operation of the system,

e) to demonstrate, with appropriate test equipment, the
alignment of the unit., This may be done concurrently
with item (d) above.

KREFEKENCES :

a) Technical Manual for Frequency Amplifier Model CHG-2,
(Amplifier, R.F., AM-2505A/URA-31

b) Production Test Specification S-609, modified by this
lesson plan.

c¢) Production Test Specification S-528 (I.F. Chassis)

d) Production Test Specification S-529 ( Regenerative
Divider)

e) Schematic CK-505 ( complete schematic of unit)

TRAINING AIDS:

a) VTVM: Hewlett Packard Model 410B, or equivalent.
b) Oscilloscope: Tektronics Model 545A, or equivalent,
c) Frequency Counter: H.P. Model 524C, or equivalent.

d) Two signal generators, Measurements Corp. Model gz,
or equivalent.

e) 70 ohm dummy load.



PRESENTATION:

A.
1.

General Description of CHG-2 Using Block Diagrams:
The general block diagram of the CBG-2 Frequency

Amplifier is drawn on the following pages in two

par’ts.

It should be noted that the switching arrangement

shown in Part 2 is a simplified form of the actual
switching scheme, and is drawn thus for explanation

purposes only.

" Figure 1: Part 1 of CHG-2 Block Diagram
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Figure 2: Part 2 of CHG-2 Block Diagram:

note:

S-1 closed on all bands except 2B, 4B, 6C, and 8C.

S-2 closed on bands 2B, 4B, 6C, and 8C; open on all other bands.

S-3 at position 1 on Band OA.

S-3 at position 2 on all bands except OA.
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3.

De

Frequency Amplifier Model CHG-2 may be considered,
for analysis purposes, as a unit composed of seven
functi nal sections. These sections are:

The One Megacycle Circuits.

The Kegenerative Divider.

The Synthesizer Circuits.

The High Frequency Oscillator Circuits.
The I.F. Circuits.

The Mid Frequency Circuits.

The R.F, Circuits.

o 0O oD

The One Megacycle Circuits:

Al mc signal from Frequency Standard Model CSS-1
.enters at J-2303; this is connected to a selector

switch, S-2301. The output of an internal 1 mc
oscillator is also connected to S-2301. Depending
upon the position of S5-2301, the 1 mc amplifiers

are excited with a 1 mc signal from either the
internal or external source.

At J-2304, a 1 mc signal is taken out for application
to the Frequency Divider Chain, Model CHL-1,

One megacycle outputs are taken at J=2305 and J-2306
for application to the synthesizer and regenerative
divider circuits,

The Regenerative Divider:

The HRegenerative Divider receives a 1 mc input at
J-2601 and delivers, at J-2706, a 250 KC sub carrier
locked to the accurate 1 mc input. The 250 KC

sub carrier is fed to the Sideband Exciter, Model CBE,

The Synthesizer Circuits:

The Synthesizer circuits receive two 1 mc inputs from
the 1 mc circuits, and switch selected frequencies of
8, 9, 10, 11, 12, 13, 14 and 15 mc from the High
Frequency Oscillator circuits,

The synthesizer circuits perform two main functions:

a) they stabilize the outpﬁt of the High Frequency
Oscillator circuits.,

b) they provide an 18 mc signal for use in the
I.F. section.

(4)



10,

The High Frequency Oscillator Circuits:

The High Frequency Oscillator Circuits provide switch
selected stabilized injection frequencies of 10, 12, 14,
16, 18, 20, 22, 24, 26, 28 and 30 mcs to the balanced
rodulators in the RF section for final frequency
translation.

In addition, they furnish switch selected freguencies
of 8, 9, 10, 11, 12, 13, 14 and 15 mcs to the
synthesizer circuits for use in generating the
correction voltage,

The High Frequency Oscillator circuits receive a
correction voltage from the synthesizer circuits;
this correction voltage is applied to a varicap

to stabilize the High Frequency Oscillator.

The I.F. Circuits:

The I.F, Section is used only for Bands 2B, 4B,

6C and 8C, which cover the range of 3.75 to 11.75 mcs.
An 18 mc signal from the synthesizer circuits is
mixed, in a balanced modulator, with a 1.75 to 3.75 mc
signal from the Mid Frequency circuits, The output,
in the range of 14.25 to 16.25 mcs, is amplified in

an IF strip and applied to the R.F., section,

The Mid Frequency Circuits:

The Mid Frequency Circuits receive a 250 KC signal
from the Sideband Exciter Model CBE, and a 2 to 4 mc
signal from the Controlled Precision Oscillator
system, These are mixed in a balamced modulator
circuit to produce frequencies in the range 1.75 to
3.75 mcs. The output is delivered direct to the

RF amplifiers in the RF section on Band OA; to the
I.F, section on bands 2B, 4B, 6C, and 8C; and to
the balanced modulators in the R.F. section on all
other bands,

The R.F. Section:

The RF Section consists of a balanced modulator anc
cascaded linear amplifiers. Final frequency translation
is accomplished in the balanced modulator. One input

to the balanced modulator arrives from either the IF
section or the Mid Frequency section; the second

input is a stabilized switch selected frequerncy of

10, 12, 14, 16, 18, 20, 22, 24, 26, 28, or 3C mcs,

from the High Frequency Oscillator circuits.

The balanced modulator is bypassed on band OA.

The RF output is in the range 1.75 to 33.75 mcs.

(5)



General Signzl Tracing Using the Block Diagram, Part 2:

1.

This iz an introduction to signal tracing in the
CHG-2 system, using the block diagram, part 2.
No attempt will be made at this time to include
details on sidebands, sideband inversions or
detailed analysis.

For simplicity, it will be assumed that the inputs to
the Mid Frequency Circuits are:

a) a 250 XC carrier from Sideband Exciter Model CBE,

- b) a 2 mc frequency from the CMO-1,

3.

.Band "OA": (Bandswitch position #1)

) S-1 closed,

) S-2 open.

) S-3 to position #l.

) output of the Mid Frequency circuits: 1.75 mcs.
) direct to RF amplifier circuits.

) R.F. output frequency is 1.75 mcs.

Bands "2B", ",B", "6C", "8C": ’
(Bandswitch positions 2, #3, #4, and #5.)

a) S-1 open.

b) S-2 closed,

c) S-3 to position #2.

d) output of Mid Freguency circuits: 1.75 mcs.

e) applied to I.F. section.

f) Output of I.F. section: HBand 2B: 16.25 mcs.
LB: 16.25 mecs.
6C: 16.25 mcs.
8C: 16.25 mes.

g) 1.F. output applied to balanced modulator in the
R.F. section.

h) High Frequency Oscillator injection frequencies
applied to balanced modulators in R, F, section:

Band 2B: 20 mcs.
Band 4B: 22 mcs,

Band 6C: 24 mcs.
Band 8C: 26 mcs.

i) R.F. amplifiers tuned to DIFFERENCE frequency,

(6)
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n22D",

j) E. F. output Band 2B: 3.75 mcs.

LB: 5.75 mes,

6C: 7.75 mcs.

8C: 9.75 mcs.
Bands "10C", "12C", "l,D", "16D", "18D", "20D",
r2LD", m26D", "28D", and "30D":
(Bandswitch positions 6 through 16)
a) S-1 closed.
b) S-2 open.
c) S-3 at position #2.
d) output of mid fregquency circuits: 1.75 mcs.
e) R.F, amplifiers tuned to SUM frequency.
f) Table below shows injection frequencies and

RF output freguencies.

BAND MID FREQ H.F. INJECTION R.F. OUT
10C 1,75 mes. 10 mcs. 11,75 mcs.
12C " 12 mcs. 13.75 mcs.
14D " 14 mcs. 15.75 mcs.
16D n 16 mcs. 17.75 mcs.
18D " 18 mes. 19.75 mcs.
20D " 20 mes., 21,75 mes.
22D " 22 mcs, 23.75 mcs.
24D " 24, mcs. 25.75 mcs.
26D " 26 mcs., 27.75 mcs.
28D " 28 mcs. 29.75 mcs.
30D " 30 mcs. 31.75 mcs.
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C. Detailed Analysis of the CHG-2 Circuitry:

1.

2.

The Jetailed analysis of the CHG~2 circuitry will be
carried out with the aid of block diagrams, the
alignment instructions, and a frequency chart,

The block diagrams show all adjustments referred to
in the alignment instructions, and the frequency
chart shows, for each position of the bandswitch:

a) the Dial Designation.

b) the frequency output of the High Frequency Oscillator,
(P-2b02? (J=2307)

c) the freguency output of the High Frequency Amplifier

circuits; this is the RF injection frequency at
C=2776.

d) the output frequency of the Harmonic Generator, V-2502,

e) the RF output frequency range of the CHG-2.
The 1 mc Circuits:
a) Refer to:
(1) Figure 3: Block Diagram, 1 mc circuits.
(2) Alignment Instructions: 1 mc Circuits.
(3) Figure III(A)-4-2b: Schematic in technical manual.

b) The 1 mc signal from Frequency Standard Model CSS-1
enters at J-2303, and is conducted to selector
switch S-2301. Internal 1 mc oscillator operates
when S5-2301 is thrown to the "XTAL" position; when

S5-2301 is in the "STD"™ position, B Plus is removed
from this unit. The 1 mc crystal Y-2401 is
contained in the High Frequency Oscillator Oven.
Capacitor C-2307 adjusts the frequency of the 1 mc
internal oscillator to exactly 1 mc, .

c) In either position of S-2301, a 1 mc signal is
applied to two 1 mc amplifiers, V-2301 and V-2302B.
Inductors 1-2304 and L-2305 are peaked at 1 mc,

The 1 mc output at J-2304 is delivered to the
Frequency Divider Unit, Model CHL-1.

The two 1 mc outputs at J-2305 and J-2306 are
applied to the synthesizer circuits and the
regenerative divider circuits.

d) Instructor should now go through the alignment

instructions for the 1 mc circuits, with the aid
of the block diagram.

(8)
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Block Diagram: 1 mc Circuits

Figure 3
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3.

Synthesiz r Circuits:

a) Refer to:

b)

c)

d)

e)

(1) Figure 4: Block Diagram, Synthesizer Circuits.
(2) Alignment Instructions: Synthesizer Circuits.,
(3) Figure III(A)-4-3b: Schematic in technical manual.

A 1 mc signal from the 1 mc circuits enters at P-2504,
and is applied to a doubler circuit, V-2505, and to
P-2506; the latter output is delivered to the
regenerative divider circuits.

Doubler V-2505 doubles the 1 mc input signal; the

2 mc signal at the plate, Pin #5, is applied to

the phase detector circuit at the BLUE lead. This

is the reference or standard input to the phase
detector, since it is locked to an accurate 1 mc
standard. -

A 1 mc signal from the 1 me circuits enters at
P-2505 and is applied to harmonic generator V-2502.
In the plate circuit of V-2502, various capacitors
are switched in parallel with {nductor L-2501 by
means of bandswitch section S-2501 (rear). These
parallel resonant circuits use trimmer capacitors
c-2501, 3, 5, 7, 10, 12, 13 and 15 to adjust th
output frequencies as required. Depending on the
position of the bandswitch, the output of
harmonic generator V-2502 is a frequency of 6, 7,
g, 9, 10, 11, 12 or 13 mcs. This is applied to
mixer tube V-2503, at pin #7.

The second input to mixer V-2503 at pin #2 is the

output frequency of the high frequency oscillator.

Depending on the position of the bandswitch,

§218 frequency may be 8, 9, 10, 11, 12, 13, 14 or
mcs.

It will be noted from the Frequency Chart, Table 1,
that, in any position of the bandswitch, the input
to mixer V-2503 from the high frequéncy oscillator
circuit is always 2 mc higher than the input from
harmonic generator circuit V-2502. Thus, the
output of mixer V-2503 is always a 2 mc signal;
this signal, is liable to error, since it depends
on the high frequency oscillator. The output of
mixer V-2503, at pin #9, is applied to the phase
detector circuit via the balance adjust pot.
L-2502, an inductor in the mixer plate circuit,

is peaked at 2 mcs,

(11)



Table #1:

Relationships Among:

) Bandswitch Position.

) Dial Designation,

) High Freguency Oscillator Output. (P-2402) (J-2307)
) High Frequency Amplifier Output to R.F. Circuits at C-2776.

e) Output of Harmonic Generator V-2502.
f) K.F. Output Frequency Range.

BAND DIAL OUTPUT OUTPUT OUTPUT OUTPUT RANGE
SWITCH  DESIG HFO H.F. AMP HAR. GEN. R.F. FREQUENCY

1 _ OA 10 mc 20 mc 8 mc 1.75 to 3.75 mec

2 2B 10 me¢ 20 mc 8 mc 3.75 to 5.75 mc

3 LB 11 mc 22 mc 9 mc 5.75 to 7.75 mc

4 6C 12 mc 24 mc 10 mc 7.75 to 9.75 me

5 8C 13 mc 26 mc 11 mc 9.75 to 11.75 mc

6 10C 10 m¢ 10 mc 8 mc 11.75 to 13.75 mc

7 12C 12 me 12 mc 10 me 13.75 to 15.75 me

8 14D 14, mc 14 mc 12 mc 15.75 to 17.75 mc

9 16D 8 mc 16 mc 6 mc 17.75 to 19.75 mc
10 18D 9mec 18 me 7 mc 19.75 to 21.75 mc
11 20D 10 me 20 mc mc 21.75 to 23.75 mc
12 22D 11 me 22 mc 9 me 23.75 to 25.75 mc
13 24D 12 me 24 mc 10 me 25.75 to 27.75 me
14 26D 13 me 26 mc 11 mc 27.75 to 29.75 me
15 28D 14 mc 28 mc 12 mc 29.75 to 31.75 me
16 30D 15 me¢ 30 mc 13 mc 31.75 to 33.75 mc
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f)

i)

The correction voltage developed at the phase
detector balance adjust potentiometer is filtered
and applied to P-2501, from which point it is
delivered to a varicap in the high frequency
oscillator circuit, to maintain the output
frequency of that unit constant.

T-2502, the double tuned tank in the plate circuit
of V-2505, is peaked at 18 mcs. The output from
the center tapped secondary is applied to P-2503,
from which point the 18 mcs is sent to the I.F.
section.

The Sync Indicator circuit is included in the
synthesizer chassis and its operation will now
be discussed. It should be noted, however, that
the sync circuit is not adjusted until after the
High Frequency oscillator circuits have been
aligned.

The 2 mc "standard" input to the phase detector
is also applied to grid 3, pin #7 of Sync tube
V-2504. The 2 mc difference frequency from
mixer V-2503 is applied to grid 1, pin #1 of the
sync tube., The two sync tube inputs are applied
via phase shifting networks. The phase shift

of the signal applied to grid 1, pin #1 of the
sync tube may be varied by adjustment of C-2538.
The bias on the sync tube is varied by adjustment
of R-2520, :

When the 2 mc inputs to the phase detector are of
the proper phase to "lock in" the high frequency
oscillator, the sync tube inputs are in phase,
and cause sufficient plate current in V-25CL to
ignite I-2102, the front panel sync indicator,

The instructor should now go through the alignment
instructions for the Synthesizer Circuits, using
the block diagram, figure 4, and the Frequency
Chart, Table 1.



Block Diagram: High Frequency Oscillator- Amplifier Circuits
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High Frequency Oscillator - Amplifier Circuits:

a)

c)

Refer to:

(1) Figure 5: Block Diagram, High Frequency Oscillator
Amplifier Circuits.

(2) Figure 4: Block Diagram, Synthesizer and Sync
Indicator Circuits.

(3) Figure III(A)-4=2b: schematic of Oven-Oscillator
circuits in technical manual.

(4) Figure III(A)-4=-5b: schematic of Mid Freguency
and RF Deck subassembly in technical manual.

(5) Alignment Instructions: High Frequency Injection f
Oscillator, Sync Circuit Indicator, and High
Frequency Amplifier.

The oven assembly indicated by the dashed outline
contains the RF oscillator and output tubes, V-2401
and V-2402. In the oscillator section, bandswitch
section S-2401 (rear) selects crystals Y-2402
through Y-2409 and trimmer capacitors C-2401, 3, 5,
7, 9, 11, 13 and 15. Depending on the position of
the bandswitch, the output of the oscillator at the
cathode, pin #7, is a frequency of 8, 9, 1C, 11, 12,
13, 14 or 15 mcs, which is applied to RF output
tube V-2402, The output of V-2402, which is
broadly tuned, is applied to external circuitry via
P-24,02 and J-2307. Crystal Y-2401 is the 1 mc
crystal employed in the internal 1 mc oscillator
circuit already discussed. The correction voltage
from the phase detector in the synthesizer circuits
arrives at J-2311 and is applied via J-2310 and
P-2403 to C-2425, a varicap, which acts to correct
the frequency of the oscillator circuit,

One of the 8 through 15 mc outputs of the oven
circuits is applied via J-2309 and P-2703 to the
high frequency amplifier circuits of V-2709 and
associated switches S-2702A (front) and S-2702B
(rear) in conjunction with inductors L-2723
through L-2738. Depending on the position of the
bandswitches, straight through operation or
doubling action is utilized. The output of the
high frequency amplifier circuits may be a
frequency of 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 or 30 mcs., This is delivered to the balanced
modulators in the RF circuits via C-2776.

The instructor should now go through the alignment
procedure for the HF injection oscillator, the
Sync circuit indicator and the High Frequency
amplifier, using the block diagrams.

(15)



Medium Frequency Circuits:
a) Refer to:
(1) Figure 2: (Part 2 of general block diagram)
(2) Alignment Instructions: Medium Frequency Circuits.

(3) Figure III(A)-4=-5b: Mid Frequency and RF Deck
subassembly schematic in technical manual.

b) The analysis of the mid frequency circuits can best
be accomplished with the aid of the actual schematic
instead of a block diagram.

c) At J-2701, the 250 KC input from the Sideband Exciter,
Model CBE, enters, This input, which may be a
pure 250 KC carrier, or single, double or independent
sideband intelligence with various degrees of
carrier reinsertion, is applied in push pull to
the grids of balanced modulator V-2701. The band
pass at the input is determined by the Model CBE
used.

d) The input from the CMO-1 enters at J-2702, This
input may be any frequency from 2 to 4 mc
synthesized in 100 cycle steps, or continuous
without synthesization. It is applied in parallel
to the cathodes of V-2701. The output circuits
are tuned to the difference frequencies.,

e) The output at the secondary of T-2702 is an
inverted output; since the injection fregquency is
higher than the intelligence freguency, the
sidebands become inverted in translation. This
is not important, because other inversions will
cause the final spectrum to be normal,

f) The remainder of the circuitry consists of a tuned
amplifier covering the range 1.75 to 3.75 mcs, and
a metering circuit.,

The dashed line connected to R-2102, C-2711A;
C-2711B, C-2716A and C-2716B represents a ganged
tuning arrangement, adjusted by the MF TUNING
control on the front panel.

A portion of the output is sampled at T-2703 and
is applied to meter amplifier V-2703. The output
of V=-2703 is rectified by CR-2701, is filtered
then applied to M-2101, the front panel MID
FREQUENCY TUNING meter.

(16)



g)

h)

i)

At J-2703 an input is provided for "ALDC", This is
"Automatic Load and Drive Control"™. It prevents
overdriving the RF stages of an associated
transmitter on signal peaks. The output of an EkF
amplifier in the associated transmitter is
rectified and filtered to produce a negative
voltage proportional to the peak RF. This varies
the bias on balanced modulator V-270l.

The instructor should now go through the alignment
procedure for the Mid Frequency circuits, using the
circuit schematic.

The instructor should now refer to the circuit
schematic, and trace a signal from the mid frequency
circuits to the RF section on bandswitch positions
1, 2 through 5, and 6 through 16, corresponding to
Dial Designations OA, 2B, 4B, 6C, 8C, and 10C
through 30D,

The following points should be stressed:

(1) On bandswitch position 1, Dial designation OA,
the Mid frequency signal is sent directly to the
first RF amplifier circuit; the IF circuits and
the balanced modulator in the RF section are
rendered ineffective,

(2) On bandswitch positions 2 through 5, corresponding
to dial designations 2B through 8C, the output
of the medium frequency circuits is sent to the
IF section; the output of the IF section is sent
to the balanced modulator in the RF section.

(3) On bandswitch positions 6 through 16, corresponding
to dial designations 10C through 30D, the output
of the mid frequency section is sent direct to
the balanced modulator in the RF section, and
the IF section is rendered ineffective,
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The I.F, Circuits:

a)

Kefer to:
(1) Figure 2: (Part 2 of General Block Diagram).

(2) Figure III(A)-4-4b; I.F, Section, CHG=2,
schematic in the technical manual.

The I.F. section consists of two 18 mc amplifiers,

a balanced modulator, and four stages of I.F.
amplification. The 18 mc signal from the synthesizer
circuits is applied at J-2202, and is amplified in

. tuned amplifiers V-2201 and V-2202.

The input from the Mid Frequency Circuits, on

.bandswitch positions 2,3,4 and 5 arrives at J-2203,
.Both inputs are applied to a balanced modulator

circuit, Since the injection frequency is higher
than the intelligence frequency, and the I.F,
amplifiers are tuned to the difference frequencies,
inversion takes place. The output of the I.F. unit
in the range 14.25 to 16,25 mcs, leaves the unit

at J=-2204.

Note that B Plus is applied to the I.F, section
on positions 2,3,4 and 5 of bandswitch section
S$-2403 (front). Thus, the I.F, section is
rendered inoperative on all other bandswitch
positions, .

Since each IF assembly is factory adjusted separately
from the CHG-2 unit, no IF alignment procedure is
contained in the alignment instrw tions.

Should re-alignment become necessary, the following
procedure is recommended:

18 mc Amplifiers:

(1) Set bandswitch to position 2, 3, 4 or 5,
corresponding to dial designations 2B, 4B, 6C
or 8C., This insures that B Plus is applied.

(2) Connect a signal generator set to 18 mcs to
J=2202.

(3) Connect a VIVM or oscilloscope to either YELLOW
lead of T-2208, Set the balance adjust pot
R-2209 to approximate center,

(4) Kemove the input from J-2203.

(18)



(5) During alignment, reduce the signal generator
output to the minimum required for indication
on the scope or VIVVM, to prevent overloading
the 18 mc amplifiers.

(6) Peak both primary and secondary of T-2201 and
T-2202 for maximum 18 mc indication on the
VI'VM or oscilloscope.

(7) The indication on the VIVM or scope should be
approximately O.4 volts RMS for 25 millivolts
input at J-2202, RECORD THIS VOLTAGE.

(8) Connect a Ballentine AC VIVM to the BLUE lead
of T-2203. Set R-2209 for minimum indication
and carefully lock the adjustment.

The indication at the BLUE lead should be
down 20 db from the indication recorded in
step (7) above. This is a voltage ratio of
10:1. If the voltage indication at the
YELLOW lead was O.4 volts RMS, the voltage
at the BLUE lead should be .04 volts RMS,
or less.,

(9) Disconnect all test eduipment.

J.F, Amplifiers:

Note: The alignment procedure for the I.F.
amplifiers will vary, depending on the degree of
misalignment. The following procedure is the most
effective, but it requires the use of a Sweep-
tarker Generator. A second alignment procedure
will be given in case the Sweep-Marker Generator
is not available,

I.F. Amplifier Alignment Using Sweep-Marker Generator:

(1) Connect the test equipment as shown below:

L4

SWIEP - MARLER FUNED | DE récr; R
GENE BT OR cxr { PROB
o~ ’ UNDE R i
7EST
S/E ‘ l
o HCFIZ aars O > oaf“
oy ovr @ .

(19)



(2)

o
~—

Turn on the Sweep-Marker generator, and set the
output for a center frequency of 15.25 mcs, and
¢ sweep width of about 3 mcs.

Connect tbe output of the Sweep Marker generator
to pin #1 of V-2203.

Disconnect the inputs at J-2202 and J-2203,

Connect the detector probe to the output jack,

Carefully adjust the Sweep-Marker generator gain,
the oqc1lloscope gain, the sweep width, the
horizontal phasing control and other
associated controls on the test equipment to
obtain a frequency response pattern on the
oscilloscope. If no pattern can be obtained,
move the detector probe to the control grid of
each preceding stage until a pattern can be
obtained. Peak the I.F., transformers
concerned, until a response curve can be
obtained at the output jack, J-2204.

Always reduce the generator output to the
minimum value required for an indication on
the oscilloscope. Overloading the amplifiers
will give a false indication of frequency
response,

The sketch below shows the idealized response
curve desired,

i
',“/’ ‘-,( PRI

2T A

(20)



(9) Peak T-2204, T=-2205, T-2206 and T-2207,
(lower slug} for maximum indication.

(10) Peak T-2204, T-2205, T-2206 and T-2207,
(upper slugs for maximum indication.

(11) Connect the output of the sweep marker
generator to either side of R-2209, the
balance adjust pot. Tune the slug in
T=-2203 for maximum gain and best frequency
response, It may be necessary to readjust
other slugs to obtain the proper freguency
response.,

I.F. ANPLIFIERS: ALTERNATE ALIGNMENT :

(1) Femove the inputs at J-2202 and J-2203,

(2) Connect an RF signal generator set to 1l4.1 mcs
at approximately 1 volt to either side of the

balance adjust pot, R-2209.

(3) Connect the probe of a VIVM or oscilloscope
set for maximum sensitivity to the output

Jjack, J=2204. (70 ohm load if not connected
to system).

(4) Tune T-2204, T-2205, T-2206 and T-2207, lower

slugs, for maximum indication. FReduce the
signal generator output as required, to
prevent overloading.

(5) Tune the signal generator to 16.35 mcs.

(6) Peak the upper slug of T-2204, T-2205, T-2206

and T-2207 for maximum indication.

(7) Tune the signal generator to 15.25 mcs, and
peak T-2203 for maximum indication.

(8) Repeat steps (2) through (6).

(9) Slowly sweep the signal generatof frequency
from 14,25 to 16.25 mcs, and note the output
indication. FEecord the maximum amplitude,
and label this the "zero db reference",

(10) Again sweep the signal generator slowly through
the range 19.25 to 16.25 mcs., The indication

should not fall below 70.7% of the zero db
reference at any point.

(11) Balance 18Mc Balenced Modulator by turning

Carrier "OFF" on CBE end connecting scope or
VTVM to junction of Diodes CR-2201 and CR-2202
and adjusting R-2209 for minimum indication.

(21)



7.

R.F. Circuits:

a) Refer to:

(1)
(2)
(3)
(&)

b) The

Figure 2: Part 2, General Block Diagram.
Alignment Instructions: R.F. Channel,
Table 1: Frequency Chart.

Figure III(A)-8-1b: schematic diagram, Frequency
Amplifier Model CHG-2, Sheet 1 of 2,

R.F. circuits consist of a balanced modulator

- stage (V-2704 and V-2705), three cascaded R.F.
.amplifier stages, and a metering circuit.

c) The
the

instructor can best explain the circuitry of
RF section by going through the alignment

procedure for the R.F. Channel. During this
discussion, the following important points should
be brought out: ‘

(1)

(3)

Four tank circuits are arranged between each

of the RF stages; these are cut in or out by

a four position switch, the positions 1 through
4 corresponding to the dial designations A
through D. The output of the balanced modulator
is applied to only three tanks, because the
signal bypasses the balanced modulator on
bandswitch position #1, Dial designation OA.

Care should be taken to point out the difference
between "bandswitch position"™ and dial designation.
For example, in the R.F. Channel alignment
instructions, step 21, the order reads:

"Set Bandswitch to position 6", This actually
corresponds to Dial designation 10C,

An RF gain control, R-2725, is adjustable from
the front panel. This control is in the grid
circuit of the 1lst RF amplifier, V-2706.

A portion of the output RF is sampled at J-2204,
and is delivered to a simple meter-rectifier
circuit; this provides front panel RF channel
monitoring,
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Fegenerative Divider Circuits:

a)

Refer to:
(1) Figure 1: Part 2 of General Block Diagram,

(2) Figure III(A)-8-1b: schematic diagram of
Frequency Amplifier Model CHG-2, in technical
manual,

The Regenerative Divider receives an accurate 1 mc
signal from the 1 mc circuits, and converts this to
an accurate 250 KC sub carrier, which is delivered
to the Sideband Exciter, iodel CBE,

V-2601 operates as a mixer tube. The 1 mc input is
received from J-2601 at the control grid, pin 7l.
A 750 KC signal is received from the plate circuit
of tripler V-2602A at grid 3, pin /7. The plate
circuit is tuned to the difference frequency,

25C KCS.

The 250 KC output at the plate, pin /5 of V-2601

is delivered to the control grid of the output
amplifier, V-2606B, whose plate is tuned to 250 KC.
The 250 KC output is available at J-2706, for
delivery to the Sideband Exciter, Model CBE,

The 250 KC output of the mixer, V-26C1, is also
delivered to the control grid of tripler V-26024,

Tripler V-2602A operates in the following manner:

When power is first applied, plate current in
V-2602A commences to flow; this current contsins
noise at a large number of frequencies. Since

the plate circuit is sharply tuned to 75C KCS,

this will be the only noise component amplified,
This initial 750 KC output of V-2602A is sufficient
to mix with the 1 mc input in V-2601, to produce
appreciable output in the plate circuit at 250 KCS.
Subsequently, V-2602A operates as a tripler,
receiving the 250 KC output of mixer V-260Cl, and
tripling this to 750 KCS.

Alignment of the Kegenerative Divider Circuits:

Tripler Circuit: (disconnect J-2-.01)

(1) Connect a signal generator set to 75C KC, at
0.2 volts, to pin ;79 of V-26C2A.

(2) Connect an oscilloscope to pin /1, (plate),
of V-2602A. Controls should be set for
observing a 750 KC signal.

(3) Tune L-2602 for maximum indicotion. (1.8V pp aprrox).
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MIXER CIRCUIT:

(1)

(2)

-onnect a signal generator set to 250 KC,
at 50 millivolts RMS, to input jack J-2601.

Connect an oscilloscope to the plate, pin #5,
of mixer V-26Cl., Set the controls to observe
a 250 KC signal.

Tune L-2601 for maximum indication. It should
be approximately 3.3 volts peak to peak.

KC Amplifier Circuit:

Connect the 1 mc input from the 1 mc circuits
at J-2601.

Connect a 6& ohm dummy load to J-2706.

Connect an oscilloscope set up to observe a
250 KC signal to the dummy load.

Peak L-2603 for maximum indication at 250 KCS.
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Alignment of Freguency Amplifier Model CHG-2:

ONE MC STALDAED CIRCUITS:

1.
2.

3.
L.

5e
6.
7.

8'

9.
10.

11.
12,

SYNT

Connect the output of the CSS-1 to J-2303.

Set selector switch, S-2301, to external standard
position.

Connect AC VIVM to J-2305, or standoff.

Adjust L-2305 for maximum voltage output.
(19 - 24 volts RMS)

Connect 70 ohm dummyAload to J-2304.
Connect AC VIVM to dummy load at J=-2304.

Peak L-2304 for maximum voltage output.
(1.0 volt EMS or greater)

Set selector swit ch S-2301 to XTAL (internal),
Connect freguency counter to J-2304.

Adjust C-2307 for 1,000,000 cycles, plus or minus
1 cycle. VIVM should read 1.7 volts RMS or more.

Lock coils L=-2304 and L=2305.
keturn S-2301 to 1 mc external standard position.

HESIZER CHASSIS:

1.
2.
3.
L.

5.
6.
7
8.

Set Band Switch to position CA.
Connect oscilloscope to Blue Dot, T-250l.
Disconnect P-2505 from J=-2306.

Tune T-2501 for maximum 2 mc signal. It must be at
least 120 volts, Pk-Pk. (L2 volts EvS). Lock T-2501.

Feconnect P-2505 and J-2306.
Disconnect P-2504 from J-23C5,
Connect oscilloscope to top of T-2502. (P-2503)

Connect signal generator at 18 mecs, .1 volt RS,
at P-2504.
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10.
11.

12,
13.

14,

Ad just T-2502 for maximum output, at 18 mcs, both
rimary and secondary. Lock both ends of T-2502,
F1.2t03.0 volts Pk-Pk).

Disconnect the signal generator.

Connect oscilloscope to junction of R-2522 and R-2525;
(green lead of T-2501 to terminal strip)

Set Band Switch to position 2.

Tune C-25C1 and L-2502 for maximum 2 mc signal on
the scope. Voltage should be 1.5 volts Pk-Pk or
0,5 volt RMS or greater,

Set Bandswitch to position 4; tune C-2503 for

~

- maximum 2 mc signal,

15.

16.

17.

18.

190

20,

21.
22,
23,

Set Bandswitch to position 6; tune C-2505 for
maximum 2 mc signal.

Set Bandswitch to position £; tune C-2512 for
maximum 2 mc signal.

Set Bandswitch to position 1l4; tune C-2507 for
maximum 2 mc signal.

Set Bandswitch to position 16; tune C-2515 for
maximum 2 mc signal. :

Set Bandswitch to position 18; tune C-2513 for
maximum 2 mc signal.

Set Bandswitch to position 30; tune C-2510 for
maximum 2 me signal,

Reconnect P-2504 and J-2305.

Disconnect P-2505 and J-2306,

Measure the DC voltage at the junction of R-2526
and R-2527; it must be 4.0 volts or more.

(this point is the blackilead of T-2501)

Connect the DC voltmeterzto the junction of R-2522
and RK-2525; this is the green lead of T-2501.

Set the balance adjust, at the top of T-2501, for

the same voltage obtained in step (24), above.
Lock the adjustment.
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26,
27,

Feconnect P-2505 and J-2306.

Disconnect all test equipment.

HIGH FEEGQUENCY INJECTION OSCILIATOR:

1.

2.

3.

5e

Set the oscilloscope on DC function, 0.1 Volts/cm
deflection.

Connect scope probe to junction of R-2526 and R-2527;
this is the black lead of T-2501.

Adjust vertical pcsitioning control to center the
trace at the center of the screen for reference,

Without touching oscilloscope controls, place scope
probe at the junction of R-2525 and C-2541; this is
the terminal strip below and right of T-2501; at

the junction of the ,01 uf capacitor, the 100 K ohm
resistor and the cable,

Tune, as per the chart below, to the same horizontal
reference line established in step (3), above.

When audio oscillation appears, tune toward maximum
arplitude until the oscillation disappears, then
continue tuning trimmer till the trace appears at
the center reference line previously established.

BANDSV'ITCE POSITION ADJUST
2 C-2401
L C-2403
6 C-2405
8 C-2411
14 C-21,07
16 C-2415
18 C-2413
30 C-2409

Check the following Bandswitch positions; the
horizontal line must still be in the center
within plus or minus 0.25 volt.

o, 10, 12, 20, 22, 24, 26, and 28.

Disconnect the oscilloscope.

(3)
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SYNC CIRCUIT INDICATOR:

1.
2.
3.

Set Ban’'-witch to position 2,
Set C-2538 to just off full capacity.

Adjust potentiometer R-2520 fully CW; the sync
light should go out.

Adjust R-2520 CCW, -until the sync light just comes on.

Set Bandswitch to position 4; the light must go out
between bands.

If light is off on _position 4 of the Bandswitch,
rezdjust R-2520 until the sync light just comes on.

Check all Bandswitch positions; the sync light must
come on in all positions, and go off between all

positions. #xcept between OA and 2B.

HIGH FREQUENCY AMPLIFIER:

1. Connect VIVM (AC), or oscilloscope to the junction
of C-2776 and C-2777. .

2. Set trimmer C-2776 to approximately mid capacity.
3. Adjust according to the chart below. The output
voltages must be at least 1.4 volts Pk-Pk or

05 volt RMS.
EAND SVITCH TUNE FOR MAXIMUM, THEN LOCK
2 L-2737, 1-2738
) L2736’ 73
6 L-2735
8 L-2734
10 L-2733
12 L-2732
14 L-2731
16 'L-2730 ‘
18 L-2723
20+ L-2724
22 L=-2725
241 L-2726
26" L-2727
28 L-2728
30 L-2729
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11D FREQUENCY CHANNEL: (Disconnect J-2701 and J=-2703)

1.

2'
3.

9.

10.
11.
12,
13.

14.

15.

Connect a signal generator to J-2702 at 1.75 mcs,
1.0 volt RKS,

Set MF Tuning control to 1.75 mcs.

Tune T-2702, L-2703, L-2705 and T-2703 for maximum
indication on MF meter.

Set signal generator to 3.75 mcs; set MF Tuning to
3.75 mcs.

Tune C-2710, C-2712, C-2717 and C-2718 for maximum
indication on MF meter.

Repeat steps (2,3) and (4,5) until no further peaking
can be done.

Lock the coils peaked in the preceding steps.

Set signal generator to 1.75 mcs; set MF Tuning
to 1.75 mes. Adjust Balance Pot R-2703 for a dip
and lock the pot.

Connect a signal generator at 250 KC to J-2701.
Connect a signal generator at 2 mcs to J=2702.
Set MF tuning to 1.75 mcs.

Tune T-2701 for maximum indication on MF meter.

Set the signal generator connected to J-2702 to
4 mcs.

Set the MF tuning control to 3.75 mcs.
The MF meter should peak at this point.

Lock T-2701,
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E.F. CEANNEL:

1,
2,

3.
L.
5
6.
7.

8.,

9.
10.
11.

12,

13.
14.
15,
16.

17.
18.
19,
20.

2.

Connect " ! ohm dummy load at J-2704.

Set trimmers C-2735, C-2736, C-2737, C=274L5, C-2746,
C-2747, C-2748, C-2755, C-2756, C-2757, C-2758,
C-2769, C-2770, C-2771 and C-2772 to mid capacity.
Turn balance adjust pot R-2722 fully clockwise.
Turn B PLUS switch to ON.

Set Bandswitch to "O" position.

Set dial reading to 1.75 mcs.

Cocponect signal generator to balanced modulators
V-2704 and V-2705 through C-2729., Set the signal
generator to 1.75 mcs, at about 0,1 volt.

Ad just T-2718, T-2710 and T-2714 for maximum
indication on RF output meter,

Set the dial reading to 3.75 mecs.
Set the signal generator to 3.75 mcs.

Adjust C-2772, C-2758, and C-2748 for maximum indication
on the KF output meter, :

Repeat steps (6) through (11) until no further
adjustments are necessary, and lock the coils,

Set the Bandswitch to position "2W,
Set the signal generator to 3.75 mcs.
Set the dial reading to 3.75 mcs on Band "B",

Tune T-2717, T-2713, T-2709 and T-2706 for peak
RF output meter reading.

Set signal generator to 7.75 mcs,
Set dial reading to 7.75 mcs, Band "B",
Tune C-2771, C-2757, C-2747, and C-2737 for meter peak.

Repeat steps (14) through (19) until no further
ad justments are necessary. Lock the coils.

Set Bandswitch to position "6",

(&)



22, Set signal generator to 7.75 mcs.

23, Set dial reading to 7.75 mcs, on Band "C",

24, Tune T-2716, T-2712, T-2708 and T-2705 for peak.
25. Set signal generator to 15.75 mcs.

26. Set dial reading to 15.75 mcs, on Band "C".

27. Tune C-2770, C-2756, C-2746 and C-2736 for peak.

28. Kepeat steps (22) through (27) until no further
adjustment is necessary. Lock the coils.

_29. Set Bandswitch to "20" position.

" 30, Set‘signal generator to 15.75 mcs,

31. Set tuning dial to 15.75 mcs, on Band "D",

32, Tune T-2715, T-2711, T-2707 and T-2704 for peak.
33. Set signal generator to 33.75 mcs.

34. Set tuning dial to 33.75 mcs. on Band "D".

35, Tune C-2769, C-2755, C-2745 and C-2735 for peak.

36. Kepeat steps (30) through (35) until no further
. adjustments are necessary. Lock the coils.

High Frequency Balanced Modulator

l. Turn Band switch to 20D, dieconnect J=-2701, tune
the RF dial to 20 Mc(max. indication), adjust the
output control as needed to maintain a output for
ad justing balance,. A

2. Adjust R-2722 (HF balance) for minimum indication
on the output meter,

3. Reconnect J=-2701.

t

¥
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Title: Operation of the Synthesized Sideband Generator System

Obiectives:

a) To discuss the operation of the Synthesized Sideband
Generator system, It is assumed that the individual
units making up the system have been studied.

b) To trace out the three signal paths in the 16 positions
of the Bandswitch on Frequency Amplifier CHG-2,

¢) To discuss sideband inversions and frequency translations
occuring in the system.

d) To enumerate the steps required to tune the system to
any given RF output frequency.

e) To correlate information already dlssemlnated on the
individual units.,

°

References:

a) All lesson plans on the individual units comprising the
system,

b) Complete schematic, Frequency Amplifier Model CHG-2.

c¢) Technical Manual, Sideband Generator iodel SBG-1 or 2,

Training Aids:

a) Complete synthesized sideband generator system, set up
for operation,

b) Two tone generator, or audio source,
c) Panalyzer, Model AN/GRM-33,

d) 70 ohm dummy load for Frequency Amplifier Model CHG-2,



"ntroduction:

In order to intelligently service the Synthesized Sideband
Generator system, it is important that servicing personnel
understand the operation of the system, and be aware of its
capabilities and limitations. This lesson plan will attempt

to correlate information already presented on individual units
with information on tuning, translations, inversions and

signal paths. Servicing personnel will then be armed with
sufficient background information to pinpoint many difficulties
using front panel indications.

Presenteation:

A, Genéﬁgl Niscussion of the Three Signal Paths in the CHG-2
system,

1. The following figures are included:

a) Figure 1 shows a block diagram of the Sideband
Exciter and Mid Frequency circuits of the CBE
and CHG-2, respectively.

b) Figure 2 shows a block diagram of the signal path
from Mid Freguency circuits to the first RF
amplifier circuit.

Bandswitch position 1, Dial designation OA.

¢) Figure 3 shows a block diagram of the signal path
from the Mid Frequency circuits, through the I.F.
circuits, to the balanced modulator circuit of the
L.F, section. Bandswitch positions 2,3,4 and 5,
Nial designations 2B, 4B, 6C and &C,

d) Figure 4 shows a block diagram of the signal path
from the Medium Frequency circuits to the balanced
modulator circuit of the R.F. section.

Bandswitch positions 6 through 16, Dial designations
10C through 30D.

2. As noted previously, the upper sidsband filter in the
CBE filters out the UPPER sideband, and the lower
sideband filter filters out the LOWER sideband.

This causes sideband inversion at the output of the CBE,
This is a deliberate inversion, mads necesszry by the
configuration of the circuits that follow. The circuits
that follow may contain an odd number of inversions,

or they may be tuned to "sum"™ frequencies instead of
the usual "difference" frequency tuning. In any event,
the final RF output of the CHG-2 is not inverted.

3. The output of the Model CBE is an inverted sideband
signal at a nominal frequency of 250 KCS, with the
degree of carrier insertion controlled by R-236,
the "Carrier Insert™ control on the front panel of
the CBE.

(2)



Block Diagram of Signal Path from Sideband Exciter Input to
Output of Mid Frequency Amplifier:
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Figure 2

3lcck Diagram of Signal Path from Output of Mid Frequency
Jircuits to F,F. Circuits on Bandswitch Position #1, Dial
Desipgnation CA:

Fi..al Balarced Modulator output is disabled by S$-2703 (rear),
only in position #1.
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Block Diagram of Signal Path from Output of Mid Frequency
Circuits to R.¥. Amplifiers:

Bandswit ch Position Tial Desigmation R.F. Injection
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Block Diagram of Signal Path from Output of Mid Frequency
Circuits to R.F. Amplifiers in Bandswit ch Positions 6 through
i6, corresponding to Dial Designations 10C through 30D,
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The Sideband Zxciter output is fed to a balanced
modulator in the Mid Frequency circuits of the Model
CHG-2. 7The second input to this balanced modulsator

is the output of Controlled Master Oscillator, iodel
Cl0-1, in the range 2 to 4 mcs. The CKO-1 output

may be synthesized in 100 cycle steps, or it may he
continuous without synthesization. The tuning controls
and counter of the CMO-1 are calibrated 250 KCS

below the actual CMO-1 output frequency.

The Mid Freguency amplifier circuits are tuned to the
difference frequencies. Thus, the output of the lMid
Frequency circuits is always in the range 1.75 to

3.75 mcs, regardless of the position of the bandswitch
in the CHEG-2. :

The Mid Frequency, and CkO-1 Dial-Ccunter setting, is
derived, in EVERY CASE, as follows:

SUBTFKACT THE DIAL NUMERIC OF THE CHG DIAL FROM THE
DESIKED PF OUTTUT FREQUENCY OF THE CHG TO OBTAIN
THE MID FREGUENCY. THIS IS ALSO THE DIAL -~ COUNTER
SETTING OF THE C}O-1.

Thus, by offsetting the tuning controls of the ClO-1
by 250 KCS, one step in determining control settings
is eliminated. This reduces the chances of tuning
the system to an incorrect frequency.

The following examples, one taken from each of the three
different signal paths in the system, will serve to
illustrate the foregoing,

Example #1: The KF output freguency desired is 2..45 mcs.

For an output frequency in this range, the CHG-2
bandswitch is set to position 1, corresponding to a
Dial designation of OA, The CHG-2 tuning dial is
set to 2.45 mcs, Band A.

Since, on Band OA, the output of the Mid Frequency
circuits is fed directly to the RF amplifiers, the
RF output frequency is also the Mid Frequency.

Mid Frequency: 2.45 mcs.
CBE Frequency: .25 mes.
CrO~1 Freguency: 2.70 mcs,
CMO-1 Counter: 2.L5 mes,

Apply the Rule: K.F. Output Freguency: 2.L5 me
mirius Dial Numeric
ClO-1 Counter and Mid Frequency 2.45 me

(7)



Exarmple #2: The FF output frequency desired is 5.63 mcs.

For an ki output frequency in this range, the CHEG-2
bandswitch is placed in position 2, corresponding to a
Pial “esignztion of 2B, The CHG-2 tuning dial is

set to 5.63 mcs, Band B.

“he KF injection frequency to the final balanced
rodulator is 20 mes,

The FF amplifiers following the balanced modulator are
tuned to the differerice frequencies; therefore, the
I.F. input to the final balanced modulator must be
2G,C00 mc minus 5.630 mes, or 14.370 mcs,

"he kid Frequency must be 18,000 mc minus 14.370 mcs,
since the Mid Freguency beats with 18 mcs in the
balanced mecdulator of the I.F, system, and the I.F.
circuits are tuned to the difference freguency.

1.F, injection freguency 18.000 mcs.
I.F. Freguency - 14.370 mcs.
}id Fraguency 3.630 mcs,

To produce a Mid Freguency of 3.630 hcs, the CHO-1
freauency must be 250 KC above the Mid Freguency,
or: 3.880 mes.

Since the Dial-Counter of the CMO-1 are set 25C KCS
below the actual CMO-1 freguency, the CMO-1 dial
snd counter will read 3.630 mcs,

Apply the Rule:
H.¥F. Output Frequency 5.630 mcs.

CHG-2 Dial Numeric - 2,000
CHMO-1 Counter and Mid Frequency 3.630 mcs.



1C.

11,

Example /3: The EF output frequency desired is 12.0C0 mcs.

For an I'F output frequency in this range, the CHG-2
bandswitch is placed in position 6, corresponding to
a Dial designation of 10C. The CHG-2 tuning dial is
set to 12.000 mcs, Band C.

The KF injection freguency to the final balanced
modulator is 10 mcs.

From this point on, for the remaining positions of the
CHG-2 bandswitch, the RF circuits are tuned to the
SUM frequencies.

The Mid Frequency must be 12.0C0 mc minus 10.000 mes,
or 2.000 mcs.

The actual CMO-1 output frequency must be 2.250 mes,
and the CM0O-1 Dial - Counter must read 2.000 mcs.

Apply the FRule:

P.F. Output Freguency: 12.000 mcs.
CHG-2 Dial Numeric - 106.0CC mcs.
C'0-1 Dial-Counter, and lid Freq. 2.000 mes.

On Band CA, the inverted CBE output mixes in the
Medium Freguency balanced modulator, which inverts
the signal again. This normally dispersed signal

is fed direct to the RF amplifiers. Thus, the final
FF output on Band OA 1s not inverted.

On 3ands 2B, 4B, 6C and 8C, the CBE output, an inverted
signal, mixes in the Medium Frequency balanced
modulator, which inverts the signal again., This
normally dispersed signal is fed to the balanced
modulator in the IF circuits, which again inverts

the signal. The output of the I.F. circuits is

fed to the final balanced modulator which again
inverts, causing the output signal to be normally
displaced in the frequency spectrum.

On Bands 10C through 30D, the inverted CRE output
mixes in the Medium Frequency Balanced modulator,
which again inverts the signal. This normally
dispersed signal is fed to the final balanced
modulator. The RF circuits are now tuned to the
SUM frequencies, and no inversion takes place.



Steps Kequired to Tune the Synthesized Sideband Generator
System to any RF Output Frequency, with Carrier Only.

Fefer to Figure I-3-1, pages 3-7 and 3-8 of the Technical
Manual for SBG-1 and 2.

1. Tflace the STANDBY - ON switch (45) on the CSS=1 to the
ON position. This energizes the circuits of the
“rimary Frequency Standard,

Z. Flace the STANDBY - POWER switch (63) on Model CPP-2
power supply to the POWER position. After a 60 second
time delay, this unit furnishes power to the CHL-1,
the CMO-1l and the CLL-1 units.

3, ‘hile waiting for the 60 second delay, adjust the CBE
controls as follows:

a) Set Channel 1 and Channel 2 selector switches, (6)
and (10), to the OFF position.

b) Flace USB and LSB gain controls, (7) and (9), to
the extreme CCW position.

¢c) Place the ON - OFF switch, {11), to the ON position.
d) Set the Carrier Level Control, (8), to the O db position.

The CBE is now set up to deliver a 250 KC subcarrier to
the Mid Frequency Circuits of the CHG-2. Since the
initial tuning is always accomplished with carrier only,
the audio circuits have been disabled.

L. Adjust the CHG-2 controls as follows:
a) Turn the POWER switch, (14), to ON.
b) Leave the B PLUS switch, (16), in the OFF position.

c) Set the Bandswitch, (22), to the appropriate position
in accordance with the RF output frequency desired.
The frequency range and Dial Numeric will appear
in the MCS window, (21), above the bandswitch control.

d) Set the Output Tuning Control, (23), to the RF
output freguency desired on MCS dial, (1€],

e) Subtract the Dial Numeric from the EF output
frequency. The result is the Mid Frequency and the
Cl'0-1 Dial and Counter setting, Note this figure
carefully,

f) Set the pointer of the MF Tuning control, (24},
to the MF setting determined in the step above,

(10)



g) Turn the KF Output control, (25) to the Minimum
position.

h) Determine that a 70 ohm dummy load is connected to
the EF output jack of the CHG-2, at J-27C4.

After the €0 second time delay, turn the CLL-1 monitor
scope selector switch, (4C), through positions L-1,
L-2 and L-3 and observe that a stationary rectangle
appears on the monitor scope, (39), in all positions.
Return the selector switch to the L-3 position.

Vove the KILOCYCLES control, (38), and the HUNDEEDS
control, (41), through their ten positions and

observe that the rectangle remains stationary.

Set the KILOCYCLES control and the HUNDREDS control
to the positions corresponding to the kilocycles
and hundreds digits of the Mid Frequency and C¥O-1
counter reading previously determined.

For example:

If the Ci0-1 counter reading determined in step Le
is 2652.,000 mcs, set the KCS and HUNDFEDS controls
to positions 2,0.

Adjust the CMO-1 controls as follows:

a) Place the OPEFATE - CAL switch, (29), in the
CAL position,

b) Unlock the counter knob, (35), with the locking
knob, (37).

c) Set the CHO-1 counters to a reading 50 KCS below
the counter reading determined in step Le,
Approach this setting from a lower frequency.

d) Unlock knob (32a), and adjust calibration knob
(32b) for a zero beat indication on Calibration
Beat indicator (28). Lock knob (32a).

e) Carefully turn the counter knob, (35), to the
setting previously determined in step Le,
Lock the Counter knob.

f) Turn the Output Control knob, (36), to mid position.

g) Adjust the Tuning KCS control, (323), for maximum
indication on the TUNE FOR NAX meter, (30C).

h) Adjust the Output control knob, (36), until the

indication on the TUNE FOF MAX meter reaches gzprrox.
3 on scale.

(11)



