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Figure 1-1.

Front and Rear Views, Variable Frequency Oscillator, VOX-5



SECTION 1
GENERAL DESCRIPTION

1-1. PURPOSE AND BASIC PRINCIPLES.

Technical Materiel Corporation's Variable Fre-
quency Oscillator, VOX-5, is a precision, direct
reading, variable frequency device designedtoprovide
high frequency and medium frequency oscillator
injection voltage for the control of one or more
receivers or transmitter exciters with extremely
high stability.

The VOX provides the following:

a. High frequency RF output voltage, continuously
variable over the range of 2 to 64 mc (frequency
dependent upon dial settings).

b. Crystal-controlled high frequency output voltage
over the range of 2 to 64 mc (frequency dependent
upon crystals used).

c. Crystal-controlled BFO voltage over the range
of 300 to 500 kc (frequency dependent upon crystals
used) for dual-conversion superheterodynes such as
the Hammarlund 600 series.

d. Crystal-controlled IFO voltage over the range of
3.2 to 3.9 mc (frequency dependent upon crystals
used) for dual-conversion superheterodyne receivers.

Sufficient output is available from any of the fore-
going to control up to three receivers in diversity,
or the usual requirement of transmitter exciters.

The VOX incorporates a highly stable variable
frequency oscillator, a above, with an extremely
accurate counter-type dial. Master oscillator fre-
quency-determining elements are contained in a
temperature stabilized oven, and these components
are carefully selected for high stability operation.
In addition to the variable frequency feature, provision
is made for up to three crystal-controlled positions
for high frequency injection, b above.

Additional crystal oscillators provide crystal-con-
trolled beat frequency oscillator voltage, ¢ above, for
use with receivers, and a 3.2- to 3.9-mc crystal-
controlled RF output, d above, for dual-conversion
receivers. -

1-2. DESCRIPTION OF UNIT.

The VOX is shown in figure 1-1. The panel is
3/16 inch thick by 19 inches long and 10-1/2 inches
high and is finished in TMC gray enamel. The
chassis extends 16 inches behind the panel and is
attached to the panel on each side by brackets.
The controls most often used are located on the
front panel, while seldom-used controls and fuses
are located behind an access door on the upper left
center of the panel. All vacuum tubes and relays are
readily accessible from the rear of the VOX and are
mounted in a vertical position.

The direct reading calibration of the unit enables
the operator to set the output frequency to within 20
cycles per mc of any desired frequency within the
range of the unit at any checkpoint, and the unit is
resettable to the same tolerance. A self-contained
100-kc temperature-controlled crystal provides 50-ke
check points for calibration of the VOX. All units
are isolated with buffer amplifiers, where necessary,
to prevent interaction.

1-3. REFERENCE DATA.

The dimensions of the VOX are 19 x 16 x 10-1/2
inches (length, height, depth), and it weighs 157 pounds
gross, packed for shipment. The VOX is mounted on
a Western Electric Co. relay rack mounting. Equip-
ment is manufactured in accordance with JAN speci-
fications, wherever practicable, Tables 1-1, 1-2,
and 1-3 contain additional reference data pertinent
to the VOX.
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TABLE 1-1. ELECTRICAL CHARACTERISTICS

ITEM

CHARACTERISTIC

HIGH FREQUENCY OSCILLATOR

Frequency range:

2 to 64 mc continuous, bandswitched.

Output impedance:

75 ohms coaxial.

Output level:

2 watts throughout basic range of 2 to 4 mc
and 0.5 watt, 4 to 64 mc, adjustable.

Output connections:

Three BNC RF connectors.

Crystal frequencies:

2 to 4 mc for output frequencies of 2 to 64 mc.

Crystal unit:

CR-18/U

Crystal position:

Three each, available on front panel switch.

Output voltage:

Sinusoidal with no spurious frequencies.

Stability: 20 cycles per mc for 0- to 50-degree change
in ambient temperature.

Calibration: Direct reading calibration in cycles per
second from 2 to 4 mc.

Readability: 20 cycles per mc.

Resettability: 20 cycles per mc to a calibrated frequency.

Line voltage change effects:

3 cycles per mc for +10% change in line
voltage.

HF oscillator calibration:

Against 100-kc crystal oscillator at 50-kc
points.

BEAT FREQUENCY OSCILLATOR

Frequency range:

300 to 500 kc.

Output level:

6 volts across 1000 ohms with output
level control.

Output connections:

Three BNC RF connectors.

Crystal holders: CR-45/U
Crystal position; Two each, available on rear panel
switch.

INTERMEDIA

TE FREQUENCY OSCILLATOR

Frequency range:

3.2 to 3.9 mc (crystal oscillator).

Output level:

2 volts in 75 ohms.

Crystal type:

CR-18/U

Output connections:

Three BNC RF connectors.

PRIMARY POWER

Primary power:

115 or 230 volts, 50 or 60 cps.
Approximately 100-watt average or
250-watt peak depending upon cycling
of oven heating elements.
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TABLE 1-2. FRONT PANEL CONTROLS

CONTROL

FUNCTION

BEAT (ON-OFF) switch (compartment
behind door):

Supplies B+ to VOX's 100-kc oscillator so
that mixer V103 in calibrating chain re-
ceives 100-kc and VMO oscillator voltages
for production of beat tones.

METER selector switch (compartment
behind door):

Enables meter to measure output of HFO,
IFO, BFO, and VMO.

PHONES jack (compartment behind door):

Enables plugged-in receiver to receive
beat tones.

POWER switch (compartment behind
door):

Applies line voltage to or disconnects line
voltage from power supply circuit.

HFO switch (compartment behind door):

Applies DC plate voltage to HFO vacuum
tubes.

IFO switch (compartment behind door):

Applies DC plate voltage to IFO vacuum
tube.

BFO switch (compartment behind door):

Applies DC screen voltage to BFO vacuum
tube.

MAIN POWER indicator:

Goes on when VOX is receiving 60-cycle
power.

INNER OVEN indicator:

Goes on when inner oven is receiving heat.

OUTER OVEN indicator:

Goes on when outer oven is receiving heat.

ZERO BEAT indicator:

Indicates beat tones when calibrating VMO
with 100-kc oscillator at check points.

OUTPUT meter:

Registers level of VOX's RF outputs in line
with position of METER selector switch
located in compartment behind door.

CALIBRATE knob:

Calibrates VMO with 100-kc oscillator at
check points.

MASTER OSCILLATOR FREQUENCY
knob:

Controls output frequency of VMO.

MASTER OSCILLATOR FREQUENCY
dial:

Registers output frequency of VOX and
tunes main oscillator.

OUTPUT potentiometer:

Controls level of output of HFO circuit.

XTAL sclector switch:

Determines whether VOX's output is pro-
duced by crystals in positions 1, 2, 3, and
by its VMO.

XTAL FREQ padding capacitor:

Enables small changes in crystal frequency.

Used only when VOX uses a crystal for RF
output.

BAND-MCS selector switch:

Controls tuning elements in HFO circuit.

TUNING selector switch:

Tunes HFO output circuit. Used to maxi-
mize meter reading with METER selector
switch in HFO position.

BFO ADJ potentiometer
(chassis mounted at top):

Controls BFO output level.

BFO XTAL SW
(chassis mounted at rear):

Determines which of two crystals is used for
BFO beats.
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TABLE 1-3. VACUUM TUBE COMPLEMENT

SYMBOL TYPE FUNCTION
V101 5V4G High voltage rectifier
V102 0OA2 Voltage regulator
V103 6BE6 Mixer
V104 12AU7 Audio amplifier
V105 6AQ5 BFO
V201 12AU7 IFO and amplifier
V202 6C4 Crystal HFO and RF amplifier
V203 6AQ5 RF amplifier
V204 6AQ5 RF amplifier and multiplier
V205 6AQ5 RF multiplier
V206 6AQ5 RF multiplier
V207 6AQ5 RF multiplier
V301 6AB4 VMO
V302 12AU7 Crystal oscillator and cathode

follower
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SECTION 2
INSTALLATION

2-1. INITIAL INSPECTION.

The VOX has been tested and calibrated before ship-
ment. Only minor preparations are required to put
the unit into operation.

Inspect the case and its contents immediately for
possible damage. Unpack the equipment carefully.
Inspect all packing material for parts which may have
been shipped as ''loose items.' Although the carrier
is liable for any damage in the equipment, Technical
Materiel Corporation will assist in describing and
providing for repair or replacement of damaged items.
The equipment is shipped with all tubes installed.
Check that all such components are properly seated
in their sockets.

2-2. 115- VS 230-VOLT POWER SUPPLY
CONNECTIONS.

VOX's power supply is designed for 115- or 230-
volt, 50- or 60-cps, single-phase power; it is factory
wired for 115 volts. If 230-volt operation is required
(sometimes when VOX is used as an end item),
minor wiring changes to VOX's power supply and
crystal oven are necessary. These are shown infigure
2-1 below.

2-3. INTERCONNECTING PROCEDURE.

Figure 2-2 shows two cabling arrangements between
various sections of the VOX: short cable interconnec-
tions under normal operating conditions (when the
VOX's assemblies are closely associated physically),
and extended cable interconnections used under servic-
ing conditions (when the VOX's power supply section
is physically remote from its other two sections).

TIO!

115 VOLT
OPERATION 3

Connect power supply cord between 115-volt, 50-
and 60-cycle power supply and VOX's power supply
115-volt input.

As an "end item,' the equipment supplied and the
interconnecting instructions are as follows:

Description Quantity
Variable Frequency Oscillator 1
VOX-5
Power Supply-Multiplier Auxiliarv 1
Interconnect Cable,12 contact, CA-109.
Power Supply-Master Oscillator 1
Auxiliary Interconnect Cable,
6-contact, CA-502.
RF Cable, Power Supply-Muitiplier 1
Auxiliary Interconnect, single
contact, CA-108.
TUBE PULLER GR-104. 1

Nine coaxial connectors provide three IFO outlets,
three HFO outlets, and three BFO outlets. Refer
to jacks J205, J206, J207, J208, J209, J210, J102,
J103, and J104, respectively, on VOX's schematic
diagram, figure 8-1.

(Equipment required but not supplied consists of
coaxial cable RG-59/U for output connections to
associated equipments.)

The VOX may be mounted in a standard 19-inch
relay rack or other housing as desired. Figure 2-3
is an outline dimensional drawing of the VOX.

TIO!
7.
|
3
230 VOLT |
OPERATION
2
4
N

Figure 2-1, Installation Diagram Showing 115-vs 230-Volt Power Supply Connections
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Quartz crystal units, supplied only on customer request, are as follows:

Socket
Designation Installed Type Freq. Char. Function Chassis
Y101 XY 101 CR-25/U 300-500 ke BFO Power Supply
Y102 XY 102 CR-25/U 300-500 ke BFO Power Supply
Y201 XY 201 CR-18/U 3.2-2.9 mc IFO RF
Y202 XY 202 CR-18/U 2-64 mc HFO RF
Y203 XY 203 CR-18/U 2-64 mc HFO RF
Y204 XY 204 CR-18/U 2-64 mc HFO RF
Quartz crystal unit Y301 comes installed in the VOX.

2-4. INITIAL ADJUSTMENTS.

The VOX has been factory tested and adjusted.
Unless damaged in shipment or when unpacked, it is
ready for use after the following checkout:

a. The VOX is a high stability precision instrument
and requires an initial warm-up period of at least
48 hours of continuous duty. Thereafter, the unit
should never be turned off unless detailed repairs
become necessary. Failure to comply with this
procedure results in degradation of the instrument's
accuracy.

b, After the 48-hour warm-up period, the POWER
switch (open front panel door) should be in ON position
and the ovens should have reached a stable condition.

c. Set the BEAT (ON-OFF) switch (open front panel
door) to ON position.

d. Plug a headset into the jack marked PHONES
(open front panel door).

€. Turn the BAND-MCS switch on front panel to
2-4 position.

f. Turn the XTAL switch on front panel to VMO
position,

g. Turn the MASTER OSCILLATOR FREQUENCY
dial to 2000 KCS 000 CPS position.

h. Turn the CALIBRATE dial for zero beat on the
phones and also on the ZERO BEAT indicator. The
VMO's 2,000,000-cycle output now coincides in fre-
quency with the 100-kc calibrating oscillator's 20th
harmonic.

i. Turn the MASTER OSCILLATOR FREQUENCY
dial to its 4000 KCS 000 CPS position.

j. Adjust the trimmer capacitor, behind circular
disc (located on the front panel) between the CALI-
BRATE dial and the VOX's meter, to give zero beat
on the phones and also on the ZERO BEAT indicator.
The VMO's 4,000,000-cycle output now coincides in
frequency with the 100-kc calibrating oscillator's
40th harmonic.

k. Repeat steps g and h to compensate for the newly
adjusted position of the trimmer capacitor.

1. Repeat steps i and j to compensate for the
newly adjusted position of the CALIBRATE dial.

m. Readjust the trimmer capacitor to optimum
zero beat condition at the two extremes of the 2- to
4-mc band.

Since other frequency bands are obtained by multi-
plication of the 2- to 4-mc band, the oscillator is
adjusted throughout its entire frequency.

Do not operate the MASTER OSCILLATOR FRE-
QUENCY dial 14 so that the stated frequency
range of 200 to 4000 kc is exceeded, in orderto
prevent VMO cam displacement and possible

VMO misalignment.
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SECTION 3
OPERATOR’S SECTION

3-1. GENERAL INSTRUCTIONS.

For oscillator stability, the VOX must be left
turned on continuously and should be turned off only
in the event of failure. This means that an independent
source of primary power must be supplied to the unit
so that when any associated units are turned off, the
VOX will continue to operate. Interconnectionbetween
the VOX and associated units is accomplished through
the use of BNC-type connectors.

The following calibration assumes that the initial
adjustments (refer to paragraph 2-4) were previously
carried out.

3-2. CALIBRATION.

For maximum accuracy, the VOX must always be
calibrated before use as close as practical to the
frequency desired and, for this purpose, the VOX is

provided with a calibrating circuit. A VMO and a
100-kc crystal-controlled calibrating oscillator are
located within the VOX's oven. At numerous check
points, harmonics of the VMO and the 100-kc oscil-
lator correspond; consequently, at these check points,
a zero-beat indicating device (phones and/or indicating
lamp) may be used to adjust the VMO to its proper
frequency. At a VMO frequency of 2,200,000cps, for
example, a check point exists; namely, fundamental
of the VMO and 22nd harmonic of the 100-kc oscillator.
The 100-kc check points automatically cover 50- and
25-kc check points. A 100-kc crystal generates not
only harmonics of the 100-kc fundamental but also
harmonics of the 50- and 25-kc subtones. The sub-
tone harmonics, however, are considerably weaker
than the fundamental harmonics. Similar check
points to those indicated in the 2.2- to 2.3-mc range
exist in the 2.3- to 2.4-mc range and each higher
0.1-mc range.

To make these checkpoint calibrations, the oper-
ator should perform the following functions:

Step

Operation

1 Set POWER switch 4 to ON position.

MAIN POWER indicator 8 should go on.

2 Set BEAT (ON-OFF) switch 1 to ON position.

3 Plug a headset into PHONES jack 3.

frequency.

ato Tar arpiiratn anlihnatian

the phones as an added convenience.

T nd t++ahhi
cl, £Or alturate Caiioration ana Lesebbauxxu,_y, are must o tagken 10 rgrate i€ Giail in undé

same direction (preferably from a lower dial reading to the higher) in order to prevent any
error due to backlash. Then, by varying CALIBRATE control 13, a zero-beat indication will
be obtained in the headset and on ZERO BEAT indicator 11.
operator finds that the visual indication alone is adequate, although he may continue to use
The VOX hasnow been properly corrected for the dial
region to be used and should be returned to the required frequency setting.

4 Turn BAND-MCS switch 19 to the desired band and XTAL switch 17 to VMO position. The
operator should set MASTER OSCILLATOR FREQUENCY dial 14 which is marked directly
in CPS, and turn this control until the dial reads to the nearest 50-kc point of the desired
In order to calculate the correct dial reading, the operator must remember to
divide the desired frequency by 2 for the 4- to 8-mc band, by 8 for the 16- to 32-mc band,

1% cavre muat ha talran +a natats +ha Aial 3n tha

With a little experience, the

5 When the calibration procedure has been concluded, the operator must be certain that he
sets BEAT (ON-OFF) switch 1 to OFF position.
should be turned to HFO and HFO switch 5 turned to ON position.

At the same time, METER switch 2

6 The operator should now rotate TUNING knob 20 to a position roughly approximating the

MASTER OSCILLATOR FREQUENCY dial, at which point he obtains a reading on the front
panel milliammeter with OUTPUT control 16.
the highest milliammeter reading is obtained.

TUNING knob 20 has been set properly when
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In the event that a HFO crystal is used in place of the variable master oscillator, then proceed as follows:

Step Operation
1 Set POWER switch 4 to ON position.
2 Set HFO switch 5 to ON position.
3 Turn METER switch 2 to HFO position.
4 Turn XTAL switch 17 to proper position.
5 Turn BAND-MCS switch 19 to proper band.
6 "Trim'" the crystal by tuning XTAL FREQ trimmer 18 until the exact frequency is set, and

peak with TUNING knob 20 as described above.

3-3. OPERATING INSTRUCTIONS
AFTER CALIBRATION.

3-2

The VOX isa high stability precision instru-
ment and requires an initial warm-up period
of at least 48 hours of continuous duty;
thereafter, the unit should never be turned
oftunless detailed repairs become necessary.

Switch Panel Designation Operation Result
4 POWER ON MAIN POWER indicator 8 goes on.
5 HFO ON INNER OVEN/OUTER OVEN indicators
indicate a long warm-up period.
Refer to CAUTION below.
2 METER HFO, IFO, BFO,
VMO
17 XTAL VMOor1l, 2, 3 Selects the source for VOX's 2- to 64-mc
output; namely, VOX's master oscillator
(VMO) or an alternate VOX oscillator
whose frequency is controlled by crystals
1, 2, and 3.
19 BAND-MCS Proper band Selects proper multiplier for VOX's
master oscillator.
14 MASTER OSCILLATOR Desired oscillator
FREQUENCY frequency
16 OUTPUT Desired level
20 TUNING Maximize meter May require a decrease in OUTPUT
reading potentiometer 16.
CAUTION

Do not operate the MASTER OSCILLATOR FRE-
QUENCY dial 14 so that the stated frequency
range of 200 to 4000 kc is exceeded, in orderto
prevent VMO cam displacement and possible
VMO misalignment.




3-4. APPLICATIONS.

a. FOR USE AS A MASTER OSCILLATOR IN ANY
DIVERSITY SYSTEM. - The VOX has been designed
for use with any properly modified receiver. For
diversity reception in any system, the operator must
set the VOX frequency dial to a reading equal to the
sum of the IFO value of the particular receiver in
use, plus the value of the desired signal frequency.

b. FOR USE AS A MASTER OSCILLATOR IN TMC

DUAL DIVERSITY RECEIVER DDR-2.

(1) The combination of the VOX and modified
Hammarlund SP-600-JX Receiver is the one used in
the TMC DDR-2, Dual Diversity System, and con-
stitutes a good illustration of typical master oscillator
operation. Since the receivers are either double or
single conversion units, depending upon the operation
frequency, the VOX must be set accordingly. Below
7.4 mc, the HFO must be 455 kc above the desired
carrier, but above 7.4 mc the HFO must be 3.955
mc above the desired carrier. The chart below
serves to minimize the small amount of arithmetic
involved.

(2) To tune the DDR-2, proceed as follows:

(3) Set power switch 4 to ON position.

(b) Set BFO switch 7 to ON position. (For
CW operation, BFO XTAL should be 455 kc + audio
tone desired. For frequency-shift operation, using
TMC Model CFA, frequency should be 455 ke + 2550

cps.)

(c) Set IFO switch 6 to ON position.

(d) Plug a headset into PHONES jack 3.

(e) Set MASTER OSCILLATOR FREQUENCY
dial 15 to the desired frequency in accordance with
the following chart, and proceed with the calibration
and peaking instructions as previously described.

(f) To complete the DDR-2 tuning, the operator
must set IFO 6 and HFO 5 controls on both receivers
to SLAVE position and then tune to the approximate
station frequency. Lastly, the BFO output control
(located on the rear-top of the power supply chassis)
must be set until a solid beat is obtained with a strong
carrier.

c. FOR USE AS A TRANSMITTER EXCITER. -
There is no essential difference in adjusting the VOX
for this service and the procedure followed in the pre-
ceding paragraph. All IFO and BFO references may,
of course, be neglected, and both the plate switches
controlling these sections may be turned to OFF
position,

3-5. MAXIMUM CALIBRATION ACCURACY.

The calibration accuracy of the VOX is more than
adequate for most general usage, When a particular
need arises for the most precise reading, the VOX
readily lends itself to such use.

Within this instruction manual reference has been
made to 100- or 50-kc checkpoints. After a few
minutes of actual experience with the equipment,
however, a discerning operator notices intermediate
beats. These beats are lower in audio amplitude than
the major checkpoints but are extremely useful. In
most cases, the operator has to use headphones to
utilize these beats since the beat amplitude is not
adequate to permit use of the light indicator.

Received Signal *VOX - VMO
Frequency *VOX-HFO Output VOX Band Dial Setting

Fr + 455 ke 2-4 mc Fr + 455

Below 7.4 mc Fr + 455 ke 4-8 mc (Fr + 455)/2
Fr + 3.955 kc 8-16 mc (Fr + 3.955)/4

Above 7.4 mc Fr + 3.955 k¢ 16-32 mc (Fr + 3.955)/8
Fr + 3.955 ke 32-64 mc (Fr + 3.955)/16

*Fr signifies receiver frequency.
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TABLE 3-1.

TABLE OF EQUIVALENT CONTROL DESIGNATIONS

SERIAL DESIGNATION
(SEE FIGURE 3-1)

PANEL DESIGNATION
(SEE FIGURE 3-1)

COMPONENT DESIGNATION ON OVERALL
SCHEMATIC DIAGRAM

1 BEAT (ON-OFF) Toggle switch S104
2 METER Knob (4-position) selector switch S107
3 PHONES Telephone jack J105
4 POWER Toggle switch S101
5 HFO Toggle switch S103
6 IFO Toggle switch S102
7 BFO Toggle switch S106
8 MAIN POWER Indicator 1302
9 INNER OVEN Indicator 1301
10 OUTER OVEN Indicator 1304
11 ZERO BEAT Indicator 1303
12 Output meter Meter M301
(No designation)
13 CALIBRATE Slug inductance L301
14 MASTER OSCILLATOR Knob variable capacitor C301 and C302
FREQUENCY (knob)
15 MASTER OSCILLATOR
FREQUENCY (dial)
16 OUTPUT Knob potentiometer R215
17 XTAL Knob (4-position) selector switch S201, A,
B, C, and D
18 XTAL FREQ Knob variable capacitor C210
19 BAND-MCS Knob (5-position) selector switch S202, A,
B, C, and D
20 TUNING Knob (5-position) selector switch C225, A,

B, C, and D
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SECTION 4
PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

As shown in figure 4-1, the VOX consists of the
power supply (section 1), the RF chassis (section 2),
and the VMO (section 3). Electrically, the VMO is
a precision, variable frequency device that provides
2 to 4 mc to the HFO chain (whose elements are
Iozated on the RF chassis) as well as to the mixer
in the calibrating chain (whose elements are located
on the power supply chassis). The VMO also supplies
a standard calibrating frequency of 100 kc to the
aforementioned mixer.

The RF chassis extends the 2- to 4-mc oscillator
frequencies by multiplication to the 2- to 64-mc
range (note following tabulation); it also provides an
oscillator circuit (with a socket for crystal CR-18/U
that operates in the 3.2- to 3.9-mc intermediate fre-
quency range) for high frequency injection.

The power supply chassis provides a calibrating
chain containing the aforementioned mixer, a 300-
to 1000-kc beat frequency oscillator circuit (for dual
conversion superheterodynes), and the VOX's power
supply (+300 volts unregulated, +150 volts regulated,
and 6.3 volts filament).

The VMO is a highly stable frequency determining
device due to its enclosure in a finely engineered
double oven. (See figure 4-2.) As an addedprecaution,
the resonant portion of the circuit is very lightly
coupled to its associated vacuum tube element and
this, in turn, is isolated from external influences
by a cathode follower.

4-2, VMO SECTION. (See figure 4-3.)

VMO tube V301 oscillates at frequencies between
2 and 4 mc and is tuned by capacitors C301, C302,
and C303. R320 provides the necessary tube bias;
L302 is an RF choke to ground; R301 and C307
provide the necessary decoupling action. Twin triode
V302 performs the double function of a cathode
follower (to impose less shunting effect on the pre-
ceding stage) and a crystal-controlled 100-kc oscil-
lator. R302 is the unbypassed cathode resistor across
which the output is taken. L303 and C308 provide
filtering action to keep the RF out of the power supply
by bypassing it through C308 and offering as high an
impedance in L303 as practicable for the 300-volt
B+ supply. The output from the second part of V302 is
taken across R305. R306 supplies the necessary grid
bias. Crystal Y301 resonates near 100 kc and may be

"pulled"” by means of adjuster-capacitor C3111
(ascrewdriver control mounted on the rear of the oven
chassis), which is not to be disturbed after its initial
factory setting. R304 is the plate load and C309 is a
coupling capacitor.

As figure 4-2 shows, the oven itself is enclosed
within an inner and outer shell, each of which is a
temperature-controlled entity. The outer shell is
maintained, within small limits, at a given tempera-
ture by the combination of S303, which is a bimetallic
temperature-sensitive switch, and heating elements
R309 and R310. The inner shell is a vernier on the
outer shell. R307 and R308, the inner shell heating
elements, are controlled by an accurate mercury ther-
mostat (S301). The entire assembly contains a large
mass of metal and insulating materials distributed
throughout its cross section so that its heat inertia is
high and, consequently, the oven temperature is ex-
tremely stable. Figure 2-1 shows the 115-volt and
230-volt circuits for controlling the VMO's oven tem -
perature.

Functions of front panel controls that apply to this
section are as follows:

a. MASTER OSCILLATOR FREQUENCY knob C301
and C302 is a variable capacitor control designated
14 on figure 3-1. It varies the output frequency of
the master oscillator within its operating range of
2 to 4 mc. The associated dial, designated 15 on
figure 3-1, indicates the oscillator's output frequency.
Due to frequency multipliers inthe VOX's RF section,
the VOX's outputs are as shown in the tabulations on
page 4-2.

Do not exceed the operating range of 2000 to

annn i~ Thn dial fan ha tiinnad havan A thaoaan
guuv KC. 111C Gldas Call O¢ wurne ocyona uese

limits but, if the departures are appreciable,
variable capacitors C301 and C302 may not re-
set properly with dial indications and the oscil-
lator may require partial disassembly in order
to effect proper readjustment.

b. C303 under small cover plate at left of meter
is a screwdriver control (undesignated on figure 3-1).
Refer to ¢ below.

c. CALIBRATE L301 is a slug inductance control
designated 13 on figure 3-1. The screwdriver control,
b above, and CALIBRATE control are used in "zero
beating'' the output of the master oscillator (2 to 4 mc)
against the 100-kc standard oscillator. For example,
at 2 mc, the 2-mc fundamental of the master oscil-
lator will "zero beat' with the 20th harmonic of the
100-kc standard oscillator.
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BAND-MCS Selector Switch Master Oscillator VOX's
(Figure 3-1, Designation19) Frequency Frequency
2-4 f f
4-8 f 2f
8-16 f 4f
16-32 f 8f
32-64 f 16f

d. ZERO BEAT 1303 is an indicator designated
11 on figure 3-1. During calibration of master oscil-
lator vs 100-kc standard oscillator, the indicator
goes off when a harmonic of the 100-kc oscillator
matches a harmonic of the 2- to 4-mc master
oscillator. (See figure 4-6.)

e. INNER OVEN I301 is an indicator designated 9
on figure 3-1, Refer to {f below.

f. OUTER OVEN I304 is an indicator designated 10
on figure 3-1. INNER OVEN and OUTER OVEN indi-
cators go on when the ovens are being heated by
resistors R307 and R308 and R309 and R310, re-
spectively. This requires closure of switches S301
and S302 and S303, respectively.

g. MAIN POWER 1302 is an indicator designated 8
on figure 3-1. It indicates filaments of tubes V103,
V104, and V105 contained in power supply chassis
are receiving 6.3-volt filament supply (figure 4-8).

h. Output meter M301 is designated 12 onfigure 3-1,
In conjunction with METER selector switch, designated
2 in figure 3-1, it indicates output level of HFO,
IFO, BFO, or VMO.

The chassis-mounted control that applies to this
section is the 100KC ADJ vernier capacitor C311
located on rear oven chassis.

4-3. RF SECTION.

a. HFO CHAIN. (See figure 4-4.) - The output of
cathode follower, V302, located in the VMO section
(figure 4-3), feeds triode V202 which is used either
as an amplifier or as a crystaloscillator; the position
of XTAL switch S201 is the controlling factor. When
it is set on VMO, the tube is an RF amplifier; when
it is set on 1, 2, or 3, the stage is a conventional
oscillator having three crystal positions. Crystals
Y202, Y203, and Y204 may be inserted into the cir-
cuit according to the necessary operating conditions
required. XTAL FREQ capacitor C210 is a crystal
trimmer and R207 provides the necessary grid bias.
C243 is a blocking condenser to prevent DC from
entering the crystal., R208 is the load resistor
while C211 and R209 provide decoupling action.
This stage is capacitively coupled by C212 to the
grid of tetrode V203,

4-2

Tube V203 is also an RF amplifier which features
a peaking coil (L202) designed to produce uniform
gain over the 2- to 4-mc range. The output of this
tube is controlled by variable OUTPUT potentiometer
R215 which changes the screen grid bias. R214 and
R217 are dropping resistors to provide correct
biasing voltage on the screen grids of V203 and also
V204, C215 and C216 are bypass capacitors. R213 and
C213 provide decoupling action while R212 isthe plate
load resistor. R210 and R211 provide the necessary
bias on the grid and cathode, respectively, while C214
is the conventional cathode bypass to ground. C217
is the coupling capacitor between stages.

Tubes V204, V205, V206, and V207, used in con-
junction with BAND-MCS switch S202, are voltage
multipliers of the second harmonic of each preceding
stage.

8202 is a four-section, five-position, rotary-type
switch. The "A" wafer of the switch controls the
screen voltage bias on tubes V203 and V204. R216 and
R233 are the dropping resistors involved., The 'B"
wafer of the switch connects either coil L203 or L205
to be used for the proper tank circuit with variable
air dielectric tuning capacitor C225 containing four
sections, each having two positions; the former for
2-4 mc and the latter for 4-8 mc. The coils, L206,
L207, and L298, are also used with variable tuning
capacitor C225 to produce outputs of 8-16 mc, 16-32
mec, and 32-64 mc, respectively.

The output in milliamperes is metered by the detec-
tor circuit built in around crystal CR202. This crystal
also rectifies the RF current; C238 is a coupling
capacitor; capacitor C237 provides filtering action;
resistor R232 acts as the load resistor ofthe crystal.
C220, C221, and R220 are all decoupling devices while
L204 is an RF choke to prevent RF from flowing
through the DC power lines, Wafer ""C'" adds more B+
voltage to each successive multiplier whenever called
for in use. The '"D'" wafer is the output selector. The
HFO band may be picked off from 2-4, 4-8, 8-16,
16-32, and 32-64 mc from positions marked A
through E, respectively.

Functions of front panel controls that apply to this
section are as follows:

(1) XTAL S201. - Switch control designated 17
on figure 3-1. Selects circuit determining VOX's
master frequency oscillator. In position VMO, the



VOX's 2- to 4-mc oscillator (located in the oven)
is the master oscillator; in positions 1, 2, and 3, the
VOX's crystal oscillator stage (V202) is the master
oscillator.

(2) XTAL FREQ C210, - Variable capacitor con-
trol designated 18 on figure 3-1. When VOX's crystal
oscillator stage (V202) is used as the master oscillator,
it "pulls" the crystals frequency a limited amount to
obtain the desired output frequency.

(3) OUTPUT R215. - Potentiometer control des-
ignated 16 on figure 3-1. Controls RF output level
of VOX,

(4) BAND-MCS S202. - Switch control designated
19 on figure 3-1. Controls RF multiplying factor of
VOX's 2- to 4-mc oscillator; namely, 1 for 2-4 mc
output; 2 for 4-8 mc output; 4 for 8-16 mc output;
8 for 16-32 mc output; 16 for 32-64 mc output.

(5) TUNING C225. - Switch control designated
20 on figure 3-1. Tunes HFO output circuits; should
be used in conjunction with meter designated 12 on
figure 3-1 during tuning operation; thatis, maximizing
meter deflection.

Chassis-mounted controls that apply to this section
are as follows:

(a) Coaxial jacks J208, J209, J210 are located
at the rear of the RF chassis.

(b) Coaxial jacks J202 and J203 are located
at the rear of the RF chassis.

b. IFO CIRCUIT. (See figure 4-5.) - The IFO uses
an oscillator circuit having a socket for a crystal
CR-18/U for the range of 3.2 to 3.9 mc (nominally
3.5 mc), C202, C203, and R203 provide a low band-
pass filter while C242 is the crystal-coupling capa-
citor. The second half of the tube is a class C ampli-
fier whose tuned plate circuit is link-coupled to the
output jacks. The tank circuit is tuned by L201 near
a nominal frequency of 3.5 mc, A germanium-diode
rectifier, CR201, and its associated filter network
produce a DC level proportional to the RF output
voltage. This DC level is fed to front panel meter
M301 so that the output indication is available to the
operator or technician. (Full-scale deflection is
approximately equivalent to 10 volts RMS of RF
voltage.)

Chassis-mounted controls that apply to this section

are coaxial jacks J205, J206, J207 located at the rear
of the RF chassis.

4-4. POWER SUPPLY CHASSIS.

a. CALIBRATING CHAIN. (See figure 4-6.) - Con-
tained within the oven enclosure of the VMO section

(figure 4-3) is a highly stable 100-ke crystal oscillator
against which the VMO is calibrated. When the 100-kc
oscillator is turned on, both the 100-kc and the VMO
oscillator voltages are fed to mixer V103. Here the
difference frequency between one of the 100-kc oscil-
lator's harmonics and the VMO's harmonics is passed
by filter action of capacitors C111, C112, and resistor
R108. This is a low-pass filter with a rising charac-
teristic at very low frequencies. The audio signal is
then amplified successively by the first and second
halves of V104. Toggle switch S104 turns on or off
the 100-kc oscillator's plate supply. This switch is
designated 1 on figure 3-1. ZERO BEAT indicator
1303 on the front panel (control designated 11 on figure
3-1) is connected into the plate circuit of the final
amplifier so that the zero beat may be seen by the
flashing of the neon lamp. Earphones may be plugged
in at the output of the final amplifier at jack J105,
in order to pick up the zero beat frequency audibly.
The circuit, built around crystal CR101 containing
C105, C106, and R102, isfor metering the VMO output.

b. BFO CIRCUIT. (See figure 4-7.) - This stage
is also a crystal oscillator but has two crystal
positions, either one of which maybe chosenby means
of BFO toggle switch S106. The output jacks are
capacitively coupled to the tank through an output
control. The output voltage is controlled by poten-
tiometer R116 mounted on the rear of the power
supply chassis. Metering of the outputs is accom-
plished in the same manner as describedinparagraph
4-3a.

c. POWER SUPPLY. (See figure 4-8.) - Trans-
former T101 supplies the necessary power and fila-
ment voltages. V101 is a full-wave vacuum tube recti-
fier with choke (L101) filter output. C104 provides
low impedance paths to grounds for any RF current
while R101 is used to limit the current passing through
tube V102. This tube is a glow discharge regulator
type whose output voltage isheld constant and provides
+150 volts. R119 is a 'ballast lamp' which regulates
V301 and V302 filament supply to 450 ma for frequency
stabilization purposes.

(1) POWER S101. - Toggle-switch control desig-
nated 4 on figure 3-1. Turns power on the VOX.

(2) PHONES J105. - Jack designated 3 on figure
3-1. Audible monitor of ''zero beat' between VOX's
100-kc and master frequency oscillators.

(3) BEAT (ON-OFF) S104. - Toggle-switch con-
trol designated 1 on figure 3-1. Supplies B+to VOX's
100-kc oscillator so that mixer V103 in calibrating
chain receives 100-kc and VMO oscillator voltages for
production of beat tones.
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(4) HFO S103. - Toggle-switch control designated
5 on figure 3-1. Connects B+ to HFO tubes V202
through V207,

(5) IFO S102. - Toggle-switch control designated
6 on figure 3-1, Connects B+ to IFO tube V201.

(6) BFO S106. - Toggle-switch control designated
7 on figure 3-1. Connects B+ to BFO tube V105.

Chassis-mounted controls that apply to this section
are as follows:

(1) Coaxial jacks J102, J103, J104 are located
on the rear of the power supply chassis.

(2) Toggle switch S105 (on the rear of the power
supply chassis) selects one of the two crystals (Y101
or Y102) in BFO stage.

(3) Jones-type jack J101 is located on the rear
of the power supply chassis.

(4) Potentiometer R116 is located on the rear
of the power supply chassis.
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