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THE TECHNICAL MATERIEL CORPORATION

C OMMUNICATI ONS E NG I NEERS

700 FENIMORE ROAD MAMARONECK. N. Y.

WMarrvanty

The Technical Materiel Corporation, hereinafter referred to as TMC, warrants the equipment (ex-
cept electron tubes; fuses, lamps, batteries and articles made of glass or other fragile or other expendable
materials) purchased hereunder to be free from defect in materials and workmanship under normal use
and service, when used for the purposes for which the same is designed, for a period of one year from
the date of delivery F.O.B. factory. TMC further warrants that the equipment will perform in a manner
equal to or better than published technical specifications as amended by any additions or corrections
thereto accompanying the formal equipment offer.

TMC will replace or repair any such defective items, F.O.B. factory, which may fail within the
stated warranty period, PROVIDED:

1. That any claim of defect under this warranty is made within sixty (60) days after
discovery thereof and that inspection by TMC, if required, indicates the validity of
such daim to TMC’s satisfaction.

2. That the defect is not the result of damage incurred in shipment from or to the
factory.

3. That the equipment has not been altered in any way either as t design or use
whether by replacement parts not supplied or approved by TMC, or otherwise.

4. That any equipment or accessories furnished but not manufactured by TMC, or not
of TMC design shall be subject only to such adjustments as TMC may obtain from
© the supplier thereof.

- Electron tubes*furnished by TMC, but manufactured by others, bear only the warranty given by
such other manufacturers. Electron tube warranty claims should be made directly to the manufacturer
of such tubes.

TMC'’s obligation under this warranty is limited to the repair or replacement of defective parts
with the exceptions noted above.

At TMC's option any defective part or equipment which fails within the warranty period shall be
returned to TMC's factory for inspection, properly packed with shipping charges prepaid. No parts or
equipment shall be returned to TMC, unless a return authorization is issued by TMC.

No warranties, express or implied, other than those specifically set forth herein shall be applicable
to any equipment manufactured or furnished by TMC and the foregoing warranty shall constitute the
Buyers sole right and remedy. In no event does TM C assume any liability for consequential damages, or
for loss, damage or expense directly or indirectly arising from the use of TMC Products, or any in-
ability to use them either separately or in combination with other equipment or materials or from any

other cause. *Electron tubes also include semi-conductor devices.



PROCEDURE FOR RETURN OF MATERIAL OR EQUIPMENT

Should it be necessary to return equipment or material for repair or replacement, whether
within warranty or otherwise, a return authorization must be obtained from TMC prior to
shipment. The request for return authorization should include the following information:

1. Model Number of Equipment.

2. Serial Number of Equipment.

3. TMC Part Number.

4. Nature of defect or cause of failure.
5

. The contract or purchase order under which equipment was delivered.

PROCEDURE FOR ORDERING REPLACEMENT PARTS

When ordering replacement parts, the following information must be included in the
order as applicable:

—

. Quantity Required.

2. TMC Part Number.

3. Equipment in which used by TMC or Military Model Number.
4. Brief Description of the Item.

5. The Crystal Frequency if the order includes crystals.

PROCEDURE IN THE EVENT OF DAMAGE INCURRED IN SHIPMENT

TMC's Warranty specifically excludes damage incurred in shipment to or from the
factory. In the event equipment is received in damaged condition, the carrier should be
notified immediately. Claims for such damage should be filed with the carrier involved
and not with TMC,

All correspondence pertaining to Warranty Claims, return, repair, or replacement and all
material or equipment returned for repair or replacement, within Warranty or otherwise,
should be addressed as follows:

THE TECHNICAL MATERIEL CORPORATION

Engineering Services Department
700 Fenimore Road
Mamaroneck, New York



CHANGE NO. 1

INSTRUCTION BOOK CHANGE NOTICE

pate NOvember 22, 1971

quuo! Qﬁec'ed; MMX(M)"Z, MU]ti—MOde EXCitEY‘ IN 2033

On page 5-18, change the first sentence in the first NOTE to read:

"The signal level displayed on the analyzer should be at a -6 db level."

SHOULD ADDITIONAL COPIES OF THIS CHANGE NOTICE 8t REQUIRED, PLEASE CONTACT:
THE TECHNICAL MATERIEL CORP., 700 Fenimore Road, Mamoroneck, New York

Attn.: Director of Eng. Services.
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Figure 1-1. Multi-Mode Exciter MMX(M)-2
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SECTION 1

GENERAL INFORMATION

1-1. FUNCTIONAL DESCRIPTION

This manual presents operating and maintenance instructions for Multi-Mode Exciter, Model MMX(M)- 2,
designed and manufactured by the Technical Materiel Corporation, Mamaroneck, New York. The manual in-
cludes a general description of the equipment; installation and operating procedures; principles of operation;
maintenance data; and a parts list.

Multi-Mode Exciter, Model MMX(M)-2 (figure 1-1), hereinafter referred to as the MMX(M)-2, or the
Exciter, is a solid-state Exciter which generates rf output frequencies between 1.5 and 29.9999 MHz.
Modulation capabilities are CW, AM, SSB (USB, LSB), ISB, FSK and FAX. The bandwidth of the upper and
lower sidebands is specified by the customer (refer to table 1- 1). The carrier frequency is selectable in
discrete 100 Hz increments by means of six frequency selector switches. The Exciter also features
built-in frequency stability of 1 part in 10°/day, and provides a continously adjustable 250 mv output in
AM, SSB, AME, and optional ISB modes of operation. In addition, the Exciter provides an output of up to
one watt for continuous wave (CW), frequency shift keyer (FSK) and facsimile (FAX) operation.

Front panel controls permit operator selection of the operating mode (AM, USB, LSB, ISB (when pro-
vided), CW, FSK or FAX). A variable CARRIER control is included in the front panel of the Exciter to per-
mit the operator to establish the desired amount of carrier insertion. Additional front panel controls are
provided to adjust the level of the USB or LSB mike/line input, the rf output level, and for monitoring critical
circuits. Two front panel jacks permit a 55 dbm low-impedance microphone and a dry-contact keyer to be
coupled to the Exciter. A front panel ammeter, used in conjunction with the meter select switch, enables the
operator to select and monitor one of seven circuits; Q1, Q2, Q3, LSB, USB, CARR, or RF. Selection of
Exciter or press to talk (PTT) operation is accomplished by a front panel selector switch.

Standard BNC connectors are provided on the rear panel of the Exciter to interface the standard 1 MHz
output frequency, 1 MHz monitor, Automatic Load and Drive Control (ALDC) circuit, rf output and rf monitor
with the external equipment. The remaining interface connections with the external equipment are made at
three rear panel mounted terminal boards. These connections are detailed in Section 2, Installation.

NOTE

The terms MHz, kHz and Hz, as used herein, represent mega-
cycles (Mc), kilocycles (Kc) and cycles (cps), respectively.

1-2. PHYSICAL DESCRIPTION

The majority of electronic components which constitute the Exciter are mounted on 17 printed circuit
boards which plug into chassis-mounted Cinch connectors. In addition, a standard extender board and power
supply extender board are included, and mate with the respective printed circuit boards and chassis connect-
ors, thereby facilitating maintenance, alignment and troubleshooting procedures. The chassis is designed
for installation in a standard 19-inch wide electrical equipment cabinet; removable top and bottom protective
covers are provided on the chassis.

1-3. TECHNICAL SPECIFICATIONS

Table 1-1 presents a listing of the pertinent electrical and mechanical specifications for the Exciter.

003712033 1-1



TABLE 1-1.

EXCITER SPECIFICATIONS

FREQUENCY RANGE:

FREQUENCY PRESENTATION:

MODES OF OPERATION:

OUTPUT POWER:

OUTPUT IMPEDANCE:

FREQUENCY STABILITY:

FREQUENCY CONTROL:
METERING:
TUNING:

SIGNAL/DISTORTION RATIO:

UNWANTED SIDEBAND REJEC-
TION:
SPURIOUS SIGNALS:

HUM AND NOISE LEVEL:

CARRIER INSERTION:

AUDIO RESPONSE:

AUDIO INPUT LEVEL:

MIKE INPUT:

AUDIO CONTROL:

1.5 to 29.9999 MHz in 100 Hz incremental steps. For
remote tuning, see OPTIONS/ACCESSORIES.

Direct reading.

CW, AM, SSB, (including AME full carrier), FSK, FAX
and ISB (optional extra).

Continuously adjustable from 0 to 1 watt for CW, FSK,
FAX.

Continuously adjustable from 0 to 250 mv PEP for SSB,
ISB, AM and AME.

50 ohms nominal.

1 part in 108 per day for ambient change of 15°C within the
range of 0-50° C (using internal standard).

1 part in 109 per day (optional with external standard).

All frequency determining elements referenced to a built-
in 1 MHz source.

Built-in multimeter allows monitoring of critical cir-
cuits and RF output.

Digital frequency selection by front panel controls.

Distortion products are at least 40 db below either tone
of a two-tone test at 250 mv, which exceeds FCC re-
quirement.

A signal of 500 Hz is at least 60 db down from PEP in
the unwanted sideband.

Spurious signals greater than 120 Hz removed from
the carrier are at least 60 db below full PEP output.

Noise level is at least 60 db down from either tone of
a two-tone test.

-55 db to full output, continuously variable.

1. Flat within +1.5 db, 350-3500 Hz, either upper
or lower sideband.

2. A filter providing +1.5 db, 250-3040 Hz is avail-
able on special order.

3. A filter providing +1.5 db, 250-6080 Hz is avail-
able on special order.

1. For ISB, 2 independent 600-ohm channels bal-
anced or unbalanced, -20 dbm to +5 dbm.

2. Built-in microphone pre-amplifier for low level
dynamic mike with front panel selection.

-55 db into 47,000 ohms, front panel jack.
Two front panel "fader' controls allow ease in sel-

ecting microphone or line input into either the upper
or the lower sideband.

1-2
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TABLE 1-1.

EXCITER SPECIFICATIONS (Cont)

ALDC INTERNAL:

ALDC EXTERNAL:

ENVIRONMENTAL CONDITIONS:

CW KEYING INFORMATION:

FSK CAPABILITY:

KEYING INPUT:

KEYING SPEED:
SHIFT:
FACSIMILE INPUT:

INSTALLATION DATA:

PRIMARY POWER:
LOOSE ITEMS:

COMPONENTS AND CONSTRUC-
TION:

OPTIONS/ACCESSORIES
1. External Standard CSS-2
2. Bandwidth Capability:
3. Remote Operation:

(KIT-363)

4. Remote Control Panels:

5. Harmonic Suppression

Filter: (with Z114 installed)

Adjustable, establishes a controlled rf output level.

Will accept 0 to approximately -11 vde from an asso-
ciated linear amplifier to improve linearity, limit dis-
tortion and deliver a relatively constant output level
during high modulation peaks or load changes.

Designed to operate in any ambient temperature between
0° and +50°C, and in any value of humidity up to 95%.

Key jack on front panel and connection on rear panel
for up to 300 wpm dry contact carrier keying in CW
mode,

60 ma, 20 ma, 50 volt, 100 volt or CONT either posi-
tive or negative with respect to ground.

Up to 75 baud (higher keying speeds available).
+42.5 Hz, +85 Hz, +170 Hz, or +425 Hz.
+1 to +10 volts will provide a linear frequency shift,

Size: 5-1/4" H x 19" W x 18'D,
Weight: Approximately 35 lbs.

115,/230 vac +10% 50/60 Hz, single-phase, 60 watts.
Mating coaxial fittings (BNC) and instruction manual.

All equipment manufactured in accordance with JAN/
MIL specifications wherever practicable

Provides 1 part in 109 stability.

6 kHz bandpass filters may be substituted for 3 kHz
at additional cost.

May be equipped for remote operation of the digital fre-
quency selector and the mode switches by hardwire.
Teletype digital format using external components is
available on a special order.

Control panels for convenient performance of the above
functions are available at extra cost. Please consult
TMC on the most economical solution to your remote
control requirements.

Secondary harmonics are attenuated 45 db below full
PEP output, and all others at least 55 db below full
PEP output, depending upon the Linear Amplifier
utilized.

003712033
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SECTION 2

INSTALLATION

2-1, GENERAL

The Exciter is calibrated and tested at the factory prior to shipment. When the Exciter is received at
the operating site, inspect the packing case and contents for possible damage that might have occurred during
transit. Unpack the equipment carefully, and inspect all packaging material for parts that have been shipped
as loose items. With respect to damage to the equipment for which the carrier is liable, The Technical Ma-
teriel Corporation will assist in describing methods of repair and furnishing of replacement parts.

2-2, POWER REQUIREMENTS

CAUTION

When ON/STANDBY switch (9, figure 3-1) is set to STANDBY
and the line cord is connected to appropriate power source,
the power supply is energized.

The exciter is designed for 115/230 vac, 50/60 Hz, single phase power operation. Unless specifically
ordered otherwise, the unit is shipped wired for 115 vac operation. For 230 vac operation, wiring changes
must be made, as shown in figure 7-2. For 230 vac operation, replace line protective fuses having 1/2 the
115 vac fuse rating.

2-3. MECHANICAL INSTALLATION

The Exciter is equipped with a standard 19-inch wide front panel. To install the unit in an equipment
rack, fasten the front panel to the rack with four screws and four washers (supplied).

When the Exciter is equipped with a tilt-lock slide mechanism, installation is as follows: (See
figure 2-1.)

a. Pull out center sections of tracks, located in equipment rack, until they lock in extended
position.

b. Position slide mechanisms of unit in tracks, and ease unit into rack until release fingers engage
holes in tracks.

c. Press release fingers and slide unit completely into rack. Secure front panel of unit to rack with
screws and washers.

d. Make necessary electrical connections, as described in paragraph 2-4.

2-4, ELECTRICAL INSTALLATION

All electrical connections between the Exciter and associated equipment are made at the rear
of the unit. Figure 2-2 illustrates all rear panel connections, while table 2-1 lists the panel designa-
tion and function of each connection.
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TABLE 2-1. REAR PANEL CONNECTIONS

Panel Designation

Function

J116 (POWER)

J119 (Remote Input)

J120 (1 MHz OUT)
J121 (1 MHz MON)
J122 (EXT STD)
J123 (ALDC)

J124 (RF OUT)
J125 (RF MON)
TB103 (USB)

-1, -2, -3
-4
-5, -6

Power input for 115 vac or 230 vac
line power.

Optional input connector for remote
control operation,

1 MHz standard output jack.
1 MHz standard monitor jack.
Input for external frequency standard.

Input from an associated linear
amplifier to improve linearity,
limit distortion and deliver a
relatively constant output level
during high modulation peaks
or load changes.

RF output jack.

RF output monitor jack.

USB 600-ohm balanced input
Ground terminal

TRANS terminals for connecting
PTT relay contacts to external
equipment
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TABLE 2-1. REAR PANEL CONNECTIONS (Cont)

Panel Designation Function

TB104 (LSB)

-7, -8, -9 LSB 600-ohm balanced input

-10 Ground terminal

-11 Keyer input terminal for CW
keying

-12 Ground terminal for CW
keying

TB105

-13, -14 FSK inputs for FSK trans-
mission (TTY) battery loop

-15, -16 FAX input

-17, -18 Dry contact input for FSK
mode of operation

JI20  Ji21 Jl22 J119
(OPTIONAL)

J1i6 Ji23 Jiz2a Jizs TBIOS TBIO4 TBIO3
(LSB)  (usB)

Figure 2-2. Rear Panel Connectors

2-5. INITIAL CHECKOUT PROCEDURE (See figures 2-2 and 2-3.)

Although the Exciter has been aligned and thoroughly checked against the manufacturer's specifications
prior to shipment, it is necessary to ensure correct installation and proper Exciter operating conditions by
performing the following checkout procedures. Refer to Section 3 for location and functions of all operating
controls and indicators.

NOTE

Unless otherwise indicated, item numbers (numbers
in parenthesis) and callouts referred to figure 3-1.
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a. Set ON/STANDBY switch (9) to STANDBY position.

b. Connect source of 115 vac line power to connector J116 (figure 2-2). STANDBY indicator (8) shall
iilluminate amber,

c. Position RF OUTPUT control (1) fully counterclockwise.

d. Using frequency selector switches (14), set output frequency to 29.9999 MHz.
e. Position CARRIER control (13) fully counterclockwise.

f. Position MODE switch (12) to ISB.

g. Position EXCITER Switch (11) to ON.

h. Set MIKE/LINE controls (4) and (6) to 0.

i. Position METER switch (2) to Q1.

j. Connect Hewlett-Packard Model 200 CD Audio generator (or equivalent) to USB 600-ohm terminals
(TB103) and LSB 600-ohm terminals (TB104), located on rear panel of Exciter. Set audio frequency for 1000
Hz at 1 volt RMS.

k. Position ON/STANDBY switch (9) to ON. STANDBY indicator (8) shall extinguish and POWER in-
dicator (10) shall illuminate red.

1. Verify the MONITOR meter (5) is in the green region marked Q1. (See figure 2-3.)

m. Set METER switch (2) to Q2. MONITOR meter (5) shall indicate in the green region marked Q2.
(See figure 2-3.)

n. Set METER switch (2) to Q3. MONITOR meter (5) shall indicate in the green region marked Q3.
(See figure 2-3.)

0. Set METER switch (2) to RF; MONITOR meter (5) shall indicate zero with RF OUTPUT control (1)
fully counterclockwise,

p. Connecta VITVM (Hewlett-Packard HP411A, or equivalent) to RF OUT jack J124 (figure 2-2) across
a 47-ohm 2 watt noninductive load resistor.

q. Adjust RF OUTPUT control (1) for a minimum indication of 3.5 volts on VTVM.
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r. Set METER switch (2) to USB and adjust USB MIKE /LINE control (6) for an indication of 2/5 full
scale on MONITOR meter (5).

s. Set METER switch (2) to LSB and adjust LSB MIKE/LINE control (4) for an indication of 2/5 full
scale on MONITOR meter (5).

t. Set METER switch (2) to CARR position. MONITOR meter (5) shall indicate zero.

u. Rotate CARRIER control (13) slowly clockwise; MONITOR meter (5) indication shall increase to
FULL when CARRIER control (13) is fully clockwise.

v. Disconnect all test equipment and remove power from Exciter.
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3-1. GENERAL
The MMX(M)
1.5to 29,

SECTION 3
OPERATOR'S SECTION

contains pro
3-2.  CONTROLS AND INDICATORS
All operator controls and indicators are located on the front and rear panels of the Exciter
3-1 illustrates the front and rear panels, and table 3-1 presents a listing of the controls and indicato
explains the function of each.
TABLE 3-1. FUNCTIONS OF CONTROLS AND INDICATORS
Item
Number
(figure 3-1) Panel Designation Function
1 RF OUTPUT control Adjusts rf output level
2 METER switch (seven- Selects circuit in MMX(M)-2
position) to be monitored by MONITOR
meter
Q1 Displays rf output trangistor
Q1 collector current (350 ma)
on MONITOR meter
Q2 Displays rf output transistor
Q2 collector current (130 ma)
on MONITOR meter
Q3 Displays rf output transistor
Q3 collector current (65 ma)
on MONITOR meter
LSB Displays LSB output level on
MONITOR meter
USB Displays USB output level on
MONITOR meter
CARR Displays carrier level on
MONITOR meter
RF Displays RF output level on
MONITOR meter
3 SPARES (2) fuses Spare one-ampere line
voltage fugsesg
003712033
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TABLE 3-1. FUNCTIONS OF CONTROLS AND INDICATORS (Cont)

Item
Number
(figure 3-1)

Panel Designation

Function

4

10

11

12

13

14

15

16

17

LSB MIKE/LINE
control

MONITOR meter

USB MIKE/LINE control

LINE (2) fuses

STANDBY indicator

ON/STANDBY switch

POWER indicator

EXCITER ON/PTT
switch

MODE switch (seven-

position)

CARRIER control

100 Hz, 1 kHz, 10kHz,
100 kHz, 1 MHz and
10 MHz switches

MIKE jack

KEY jack

STD-INT/EXT switch

Adjusts level of LSB input

Monitors circuit function selected
by METER switch

Adjusts level of USB input

One-ampere line voltage
fuses

Illuminates amber when ON/
STANDBY switch is positioned
to STANDBY

When positioned to ON, applies
12 and 24 vdc to modules and
illuminates red POWER indi-
cator

When positioned to STANDRBY,
removes dc voltages from
modules and illuminates
amber STANDBY indicator

Illuminates red when ON/
STANDBY switch is positioned
to ON

Set to ON position for all
operating modes using
inputs other than MIKE,
Set to PTT when using
MIKE input

Establishes one of seven
operating modes, depending
upon options supplied: AM,
USB, LSB, ISB, CW, FSK
or FAX

Establishes the amount of
carrier used

Used to establish the desired
operating frequency

Accept a 47, 000-ohm impedance
microphone input

Accepts dry contact keyer input
used for CW mode of operation

Used to select the internal 1 MHz
oscillator frequency, or an external
1 MHz standard input frequency
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TABLE 3-1. FUNCTIONS OF CONTROLS AND INDICATORS (Cont)

Item
Number
(figure 3-1) Panel Designation Function
18 FSK LOOP input switch Selects proper FSK loop input;
100V, 10V, 20MA, 60MA or
CONT
19 SHIFT switch (four- Determines the "mark' and
position) ""space'' frequency shift above
or below the carrier frequency:
+42,5 Hz, +85 Hz, +170 Hz or
+425 Hz
20 SENSE switch (two- Establishes sense + (positive)
position) or - (negative) in the FSK mode
of operation

3-3. OPERATING PROCEDURES

Before initially placing the Exciter in operation, perform the initial checkout procedure outlined in
Section 2, Installation. To place the Exciter in operation:

NOTE
Verify that ON/STANDBY switch (9, figure 3-1) is set to
STANDBY.

a. Connect a source of 115 vac, single-phase power to connector J116 (figure 2-2). Observe that
STANDBY indicator (8) illuminates amber,

b. Make necessary interface connection on rear panel jack (figure 2-2).
NOTE

When operating the Exciter in the SSB and ISE, AM modes
it is desirable to monitor the rf output with a Spectrum
analyzer to establish the proper modulations with respect
to the carrier. An RF MON jack J125 is provided on the
rear panel for this purpose.

3-4.  SINGLE SIDEBAND WITH ANY DEGREE OF CARRIER INSERTION (INCLUDING AME FULL CAR-
RIER).

a. Set ON/STANDBY switch (9) to ON.

b. Set EXCITER switch (11) to ON position when using either the USE or LSB 600-ohm line (external
signal source) inputs, Set EXCITER switch to PTT position when using MIKE input (15).

c. Select desired sideband with MODE switch (12).
d. Turn METER switch (2) at the desired sideband.
e. Connect a Mike to the front panel MIKE jack (15) if used.
f. Adjust the MIKE/LINE control of sideband used to appropriate level as indicated on MONITOR (5),
NOTE
DO NOT ENTER RED REGION, When mike input is used,

adjust level so as not to exceed red region with highest
input from microphone.
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g. Turn METER switch (2) to CARR position. Adjust CARRIER control (13) to the desired level as
indicated on MONITOR meter (5).

h. Turn METER switch (2) to RF position. Adjust RF OUTPUT control (1) for desired level of RF
output as indicated on MONITOR meter (5).

NOTE

Turn RF OUTPUT control (1) fully CCW before selecting
different modes of operation.

3.5, INDEPENDENT SIDEBAND WITH ANY DEGREE OF CARRIER

a. Set ON/STANDBY switch (9) to ON position.

b. Set EXCITER switch (11) to ON position when using either the USB or LSB 600-ohm line (external
signal source) inputs. Set EXCITER switch (11) to PTT position when using a MIKE input (15).

c. Set USB (6) and LSB (4) controls to zero.
d. Select ISB position on MODE switch (12).

e. Turn METER switch (2) to LSB position. Adjust the LSB GAIN control (4) for a MONITOR meter
(5) indication of up to but not to exceed the red region.

f. Turn METER switch (2) to USB position. Adjust USB GAIN control (6) for a MONITOR meter (5)
indication of up to but not to exceed the red region.

g. Turn METER switch (2) to the CARR position. Adjust CARRIER control (13) to full or the desired
level as indicated on MONITOR meter (5).

h. Turn METER switch (2) to the RF position and adjust RF OUTPUT control (1) for the level of RF
output indicated on MONITOR meter (5).

3-6. CONVENTIONAL AM OPERATION

a. Set ON/STANDBY switch (9) to ON position.

b. Set EXCITER switch (11) to ON position when using either the USBE or LSB 600-ohm line (external
signal source) input. Set EXCITER switch (11) to PTT position when using MIKE input (15).

c. Set MODE switch (12) to AM position.
d. Connect a mike to front panel MIKE jack (15) if used.

e. Adjust the MIKE control (4) or (6) of sideband used to appropriate level as indicated on MONITOR
meter (5).

f. Turn METER switch (2) to RF. Vary RF OUTPUT control (1) for desired level of RF output as
indicated on MONITOR meter (5).

3-7. FREQUENCY SHIFT TELEGRAPH OPERATION

a. Set ON/STANDBY switch (9) to ON position.

b. Set EXCITER switch (11) to ON position.

c. Turn MODE switch (12) to FSK position.

d. Select appropriate FSK operation by setting FS LOOP (18) and SHIFT (19) switches.

e. Place SENSE switch (20) to desired sense (+) or (-).

f. Place METER switch (2) to the RF position. Adjust RF OUTPUT control (1) for desired MONITOR

meter (5) reading.
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3-8. FACSIMILE (FAX) OPERATION

a. Set ON/STANDBY switch (9) to ON position.
b. Set EXCITER switch (11) to ON position.
¢. Turn MODE switch (12) to FAX position.

d. Place METER switch (2) to the RF position,
meter (5) reading.

3-9. CW TELEGRAPH OPERATION

a. Set ON/STANDBY switch (9) to ON position.
b. Set MODE switch (12) to CW position.

¢. Connect key to KEY input (16).

3-6

Adjust RF OUTPUT control (1) for desired MONITOR
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SECTION 4
PRINCIPLES OF OPERATION

4-1, INTRODUCTION.

The principles of operation for the MMX(M)-2 are presented in three parts. The first part, para-
graph 4-2, describes the frequency synthesis technique used in the equipment and provides a typical selected
frequency example to illustrate operation of the synthesizer circuits. The second part, paragraph 4-3, pro-
vides a block diagram description of the equipment to specify which assembly boards are responsible for
generating each of the exciter functions and to define the signal flow between board assemblies. The third
part, paragraph 4-4, describes the operation of each functional group of circuits on the assembly boards to
better understand circuit operation and to identify the associated circuit controls and adjustments for opera-
tion and maintenance.

4-2, FREQUENCY SYNTHESIZER. (See figure 4-1.)

Six front panel frequency selector switches provide selection of the carrier frequency in 100 Hz incre-
ments from 1.5 MHz to 29. 9999 MHz. The synthesizer uses a precision 1 MHz signal from which are developed
other basic signal frequencies which, in turn, are used to synthesize the rf carrier output. The basic signal
frequencies are applied to mixer-divider and mixer-multiplier circuits to derive discrete rf frequencies. A
typical frequency synthesis is shown in figure 4-1 to illustrate the synthesis process. Figure 4-1 illustrates
a selected frequency of 21.7146 MHz, the appropriate switch positions are shown darkened on the diagram.
The basic 8 MHz signal is mixed with the basic 1 MHz signal to produce 9 MHz; this is mixed with the 100 Hz
switch-selected 1.6 MHz signal to produce a 10. 6 MHz which, when divided by ten, produces 1.06 MHz, 6 be-
ing the least significant digit of the desired frequency. The 1.06 MHz frequency is then mixed with the basic
8 MHz signal to produce 9. 06 MHz; this is mixed with the 1 kHz switch-selected 1, 4 kHz signal to produce
10. 46 MHz which, when divided by ten, produces 1.046 MHz, 4 being the next significant digit of the desired
frequency. The 1.046 MHz frequency is then mixed with the basic 8 MHz signal to produce 9.046 MHz; this
is mixed with the 10 kHz switch-selected 1.1 MHz signal to produce 10. 146 MHz which, when divided by ten,
produces 1.0146 MHz, 1 being the next significant figure of the desired frequency. The 1.0146 MHz is then
mixed with the basic 8 MHz signal to produce 9.0146. This is mixed with the 100 kHz selected 1,7 MHz signal

to produce 10.7146 MHz.

Generation of the two most significant digits (10 MHz and 1 MHz) is done in a different manner than the
four least significant digits; these circuits use frequency multipliers and mixers to produce the desired fre-
quencies. The selected 10. 7146 MHz signal is first mixed with a 3 MHz modulation frequency to produce a
13.7146 MHz frequency. This 3 MHz frequency is varied by the selected modulation to provide carrier fre-
quency deviations in response to the selected modulation mode; however, for this discussion only, the center
frequency (3 MHz) is described. The 13. 7146 frequency is mixed with a 120 MHz basic signal derived by
multiplying the 40 MHz basic signal by three, the output of the mixer will then be 133.7146. The 1 MHz
switch-selected 0.8 MHz signal is mixed with the 10 MHz switch-selected 12 MHz signal to produce a 11.2
MHz frequency; this is first multiplied by five to produce 56 MHz, then multiplied by two to produce 112 MHz.
The 112 MHz frequency is then mixed with the 133. 7146 MHz frequency to produce the final 21.7146 MHz car-
rier signal. The 10 MHz selector switch selects a 14 MHz basic signal for the 0 digit position which is used
to derive the 01 MHz to 10 MHz range of frequencies, a 13 MHz basic signal is selected in the 1 digit position
of the 10 MHz selector to derive the 11 MHz to 20 MHz range of frequencies and the 12 MHz basic signal is
selected in the 2 digit position which is used to derive the 21 MHz to 29 MHz range of frequencies. The deri-
vation of each of these discrete frequencies are listed in tables 4-1, 4-2 and 4-3. The derivation of the 21
MHz frequency is illustrated on figure 4-1.
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NOTE :

A SELECTED FREQUENCY OF

21.7146 IS SHOWN TO ILLUSTRATE
THE SYNTHESIS PROCESS; THE
CORRESPONDING SWITCH POSITIONS
ARE SHOWN DARKENED.

SELECTOR SWITCHES
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Figure 4-1. Frequency
Synthesis, Example
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4-3. BLOCK DIAGRAM DESCRIPTION. (See figure 4-2.)

A block diagram of the equipment is shown in figure 4-2. The spectrum generator board Z101 develops
seven basic signal frequencies from the incoming precision 1 MHz signal. The 1 MHz input is amplified and
sent to the mixer-divider circuits. The 1 MHz input is also clipped, divided by a factor of 10 and applied to a
100 kHz spectrum generator; this output, containing the 100 kHz fundamental, plus harmonics, is applied to
the comb filter circuits. The 1 MHz input is squared to produce a 1 MHz spectrum containing the required
harmonics for generation of five additional output frequencies of 8, 12, 13, 14 and 40 MHz. The 8 MHz output
is applied to the mixer-dividers; the 40 MHz output is coupled to the frequency translator for determination of
final output frequency range; and the 12, 13 and 14 MHz outputs are sent to the step generator circuits for
derivation of the frequency ranges.

The 100 kHz spectrum output signal is applied to the two comb filter boards, Z102 and Z103. Circuits
on these boards produce 12 precise output frequencies from 0. 8 to 1.9 MHz in 100 kHz steps and apply them to
the frequency select switch network. These frequencies are generated by exciting corresponding crystal-fil-
ters at the appropriate harmonic of the 100 kHz spectrum input.

The 8 MHz basic signal is mixed with the selected mixing frequencies in mixer-divider boards 7104,
Z105, and in mixer-final board Z106 as previously described in paragraph 4-2; the output signal from mixer-
final Z106 establishes the four least significant digits of the output frequency and is applied to the translator
board, Z112.

The step generator boards Z110, Z111 and Z113 contain mixer and multiplier circuits that derive the
two most significant digit frequencies of the selected output frequency as previously described in paragraph
4-2. Step generator board Z113 contains the 12 MHz mixer circuits and the X2 multiplier circuits for the
three frequency ranges. The three frequency ranges are combined in this board by a summing amplifier and
coupled as the 104 MHz to 132 MHz to the translator Z112.

The carrier generator board Z109 receives a 1 MHz standard input signal and divides this frequency by
four to obtain a 250 kHz basic subcarrier signal; this subcarrier is amplitude-modulated in AM mode of opera-
tion, is shifted in frequency by teletype mark and space modulation in FSK mode of operation, is applied to
balanced modulators in the sideband generator board Z107 to derive upper and lower single-sideband signals
and is applied to the frequency shift generator board Z108 for CW mode of operation and for carrier reinser-
tion when desired. The 250 kHz is also multiplied by 11 on the carrier generator board to produce the 2. 75
MHz carrier which is applied to a mixer circuit in the frequency shift generator board. The 2.75 MHz car-
rier is combined with the modulated 250 kHz signal to producé an AM, a single-sideband (SSB) or independent
sideband (ISB) output with a 3 MHz center frequency.

The sideband generator board Z107 contains a microphone audio preamplifier and an audio impedance-
matching transformer for translation of an external 600-ohm balanced or unbalanced audio line to a 500 ohm
audio for application to the upper sideband (USB), lower sideband (LSB) and AM modulator circuits. Two
balanced modulators produce the upper and/or lower sideband intelligence from the 250 kHz signal subcarrier
and the incoming USB and LSB audio signals; the 250 kHz subcarrier is suppressed. The resulting USB and
LSB signals are sent to the frequency shift generator board Z108.

The frequency shift generator board Z108 contains two circuit sections: the frequency shift generator
section and the converter section. The frequency shift generator section provides either frequency shift keyer
(FSK) or facsimile (FAX) modes of operation. The FSK mode applies the 250 kHz subcarrier to the keyer
modulator which also receives external teletype input via the FS Loop switch. The 250 kHz subcarrier is
modulated by the teletype current input producing a shift in frequency above and below the 250 kHz center fre-
quency representing marks and spaces. This shift is rectified and translated to a dc level which is then ampli-
fied and applied to the modulation input of the 3 MHz voltage-controlled crystal oscillator (VXCO) which pro-
duces the required frequency shift above and below the 3 MHz center frequency. The FAX mode connects an
external FAX signal through a dc regulator circuit which produces a variable dc level at the input of the VXCO
thereby producing the required frequency shift of the 3 MHz center frequency output signal. The converter
section of Z108 mixes the incoming 2.75 MHz carrier signal with the selected modulation signal (250 kHz AM,
USB, LSB, ISB or CW from the carrier and sideband generator boards). The modulated 3 MHz sum signal is
amplified and sent as modulation to the translator board Z112,

The translator board Z112 contains an X3 multiplier circuit which produces a 120 MHz frequency from
the 40 MHz basic signal and mixer circuits that mix the selected carrier frequency of the four least significant
digits with the 3 MHz modulator frequencies and mix the modulated sum frequency with the selected step gen=~
erator frequency representing the two most significant digits of the selected carrier frequency. When the up-
per frequency range (20 - 29. 9999 MHz) is selected, a ground enable is applied to a filter in series with the rf
signal from the RF OUTPUT control. Therefore, the rf signal is prefiltered prior to being applied to rf output
section Z115.

003712033 4-5



The rf output board Z115 amplifies the incoming rf carrier frequency and produces an automatic level
dc voltage (ALDC) for feedback to the translator board Z112. The ALDC is used to control the rf output level.
A metering circuit monitors the collector currents of the three amplifiers on rf output section Z115 and the rf
output level of the selected frequency; these parameters are selected by a METER switch and displayed on the
front panel MONITOR meter.

The output filter board Z114 may be one of two optional items and is not normally supplied. One board
(A4507) contains six relay-selected bandpass filters; these relays are powered in the appropriate positions of
the 10 MHz switch, the 1 MHz switch and the 100 kHz switch relative to the selected rf output frequency. Thus,
the switch-selected frequency is filtered by an appropriate L-C network prior to appearing at the RF OUT jack
J124 and MON jack J125. The other optional filter (A4654) is a low pass filter, passing frequencies below 32
MHz. If neither filter is selected, Z114 is bypassed.

4-4, FUNCTIONAL ASSEMBLY SECTIONS. (See figure 4-3.)

The following paragraphs provide detailed circuit descriptions for each assembly board. Since the
interrelationship of the signals was previously described in paragraphs 4-2 and 4-3, signal flow between
boards will not be discussed in the following paragraphs; only individual circuit stages will be discussed in
conjunction with their particular controls, connections to the boards and clarifies individual circuit operation.
Refer to figure 4-2 for an illustration of each board assembly.

a. POWER SUPPLY ASSEMBLY. Three subassemblies are incorporated into the power supply;
namely, rectifier and filter capacitor board (A) Z304, regulator Z303, and heat sink Z305. Also included are
power transformer T301, 1 MHz standard oscillator Z301 and 3 MHz VXCO Z302, Input power of either 115
or 230 vac is supplied to power transformer T301 via power input jack J116 and line fuses F101 and F102. For
115-volt operation, the primaries of T301 are connected in parallel and line fuses of 1.0 ampere value are
used; for 230-volt operation, the primaries of T301 are connected in series and fuse value is 0.5 ampere.

The secondary output voltages are rectified and applied to the voltage regulator boards. Output voltages are
+12V, +24V and +30V.

b. SPECTRUM GENERATOR Z101. The 1 MHz frequency from the standard is coupled into the board
via pin 5 and simultaneously applied to the 1 MHz output amplifier, the 1 MHz squarewave generator and a 1
MHz clipper circuit. The 1 MHz output amplifier is a single stage tuned amplifier that couples the 1 MHz
standard signal directly to the 1 MHz OUT jack J120 on the rear panel and through an isolation resistor to the
1 MHz MON jack J121 on the rear panel. The 1 MHz signal is coupled through LEVEL ADJ potentiometer R60
to the single mixer-divider board Z104. The 1 MHz squarewave generator is a two stage overdriven amplifier
that produces an output squarewave from an input 1 MHz sinewave; the squarewave is rich in harmonics and is
used to shock excite four harmonic crystals; 8 MHz, 12 MHz, 13 MHz and 14 MHz. The 8 MHz signal is
amplified and multiplied by five to produce the 40 MHz basic signal. The 12 MHz, 13 MHz and 14 MHz basic
signals are amplified and coupled out to the step generator boards for derivation of the two significant digit
frequencies as previously explained in paragraph 4-2. The 1 MHz clipper circuit conditions the 1 MHz sine-
wave for application to a divide-by-10 integrated circuit. The divided 100 kHz signal is amplified and coupled
out an emitter-follower circuit to the two comb filter boards Z102 and Z103.

c. COMB FILTERS Z102, Z103. These boards each contain six harmonic crystals and their associa-
ted tuned amplifier circuits. These are shock-excited by the 100 kHz squarewave from the spectrum genera-
tor board. Each tuned output stage has a LEVEL ADJ potentiometer to adjust the amplitude of the basic fre-
quency signals.

d. MIXER-DIVIDERS Z104, Z105 AND MIXER-FINAL Z106. These boards contain almost identical
circuits with the following exceptions: (1) the mixer-divider board Z104 contains only one channel whereas
dual mixer-divider board Z105 contains two identical channels and (2) these two boards incorporate a divide-
by-ten integrated circuit at their output, the mixer-final board does not incorporate a divide-by-10 integrated
circuit. These boards function as previously explained in paragraph 4-2.

e. SIDEBAND GENERATOR ASSEMBLY Z107. The sideband generator includes upper and lower side-
band circuits which are similar in configuration and operation; the exception is the tuned frequency of the USB
and LSB amplifier circuits. The sideband generator also contains a microphone audio preamplifier, and an
audio impedance-matching transformer for translation of externally applied 600-ohm USB/LSB line audio to a
500-ohm audio output., When a microphone input is used, the front panel EXCITER switch is set to the press-
to-talk (PTT) position to furnish a PTT ground enable to the carrier generator via the mode switching net-
work; in all other modes, the EXCITER switch is set to the ON position, which supplies a permanent ground
to the same point, except in the case of CW. Microphone audio from 300 Hz to 7.5 kHz is applied to the side-
band generator audio preamplifier circuit, and then to the mode switching network for redistribution to either,
or both, of the sideband generator modulator circuits. Similarly, 600-ohm line audio from 350 Hz to 3.5 kHz
is translated to a 500-ohm line output and applied to the mode switching network. In the USB, LSB and ISB
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modes, the audio is routed to the modulation input of the respective, or each, sideband generator; in the AM
mode, the respective audio signal is applied to the AM amplifier in carrier generator Z109. USB and LSB
audio amplitude is controlled by a respective front panel MIKE/LINE gain control.

The SSB modulation section of the sideband generator accepts both a 250 kHz subcarrier input and the
USB/LSB audio signal via the MODE switch. These two signals are applied to a balanced modulator to derive
the upper and/or lower sideband intelligence; the 250 kHz subcarrier is suppressed. The resulting USB and/
or LSB signals are supplied to the mode switching network and are then routed to the converter section of
frequency shift generator Z108.

f. FREQUENCY SHIFT GENERATOR ASSEMBLY Z108. The frequency shift generator consists of
two sections: namely, the frequency shift generator section and the converter section. The frequency shift
generator section operates in the frequency shift keyer (FSK) and facsimile (FAX) modes; it contains a 3 MHz
amplifier, a keyer-modulator and dc amplifier section, and the FAX circuit. FSK operation is controlled by
the SHIFT and FS LOOP switches. The converter section operates in all other modes except FSK and FAX,
and functions to produce an amplitude-modulated (AM) or single sideband (SSB) rf carrier of 3 MHz for use in
frequency translator Z112.

Selecting the FSK mode applies the 250 kHz subcarrier to the keyer modulator, which also receives an
external teletype input via the FS LOOP switch. Therefore, the subcarrier is effectively modulated by a cur-
rent input representing teletype marks and spaces; the FS LOOP switch network is set to the appropriate volt-
age rating, and when a dry-contact keyer is used, the switch is set to the contact (CONT) position. The keyer-
modulator thus produces a shift in frequency above and below the 250 kHz center frequency. This shift is
rectified and translated to a dc level, which is then amplified and applied to the 3 MHz variable crystal-con-
trolled oscillator (VXCO) in the power supply assembly via the SHIFT switch network.

Selecting FSK or FAX operation supplies +12 vdc to both the frequency shift generator and to the VXCO
in the power supply assembly. The VXCO will operate at the center frequency of 3 MHz. Upon application of
the variable dc level (E MOD) from the SHIFT switch, the frequency of the VXCO is shifted above and below
center frequency, corresponding to respective marks and spaces, by an amount determined by SHIFT switch
setting (+42.5, +85, +170, +425). The frequency-shifted VXCO signal of 3 MHz is re-applied to the 3 MHz
VXCO amplifier section of the frequency shift generator and then to the 3 MHz amplifier circuit of the con-
verter section. Selecting FAXoperation connects an externally applied FAX signal through a dc regulator
circuit. This produces a variable dc level which is applied to the VXCO to produce the required frequency
shift.

The converter section of Z108 accepts the 2.75 MHz carrier from carrier generator Z109; the 250 kHz
AM, USB, LSB, ISB or CW input from the mode switching network; or the 3 MHz VXCO input from the 3 MHz
VXCO amplifier in the frequency shift generator section.

In the AM mode, the 2.75 MHz carrier and the amplitude-modulated 250 kHz signal are mixed in a bal-
anced modulator to produce a sum amplitude-modulated carrier of 3 MHz, which is amplified and applied to
translator Z112. In the USB, LSB and ISB modes, the input signals consist of the 2.75 MHz carrier and USE
and/or LSB audio with, or without, the 250 kHz signal, depending upon the amount of carrier suppression in-
troduced by the CARRIER control network. This control permits continuously variable carrier reinsertion
from zero (0) to full by attenuating the 250 kHz input from the mode switching network. The attenuated 250
kHz subcarrier from the CARRIER control is applied to the mode switching network, where it is reinserted
with the USB and/or LSB audio as a pilot carrier prior to being sent to the converter section of Z108. There-
fore, the 250 kHz USB, LSB or ISB signal is mixed with the 2.75 MHz carrier to again produce a single side-
band or independent sideband output with a 3 MHz center frequency.

In the CW mode, the 250 kHz input is interrupted at the keyer rate and thus results in a 3 MHz CW out-
put. Inthe FSK and FAX modes, the 250 kHz and 2,75 MHz inputs are not present; the only input is the 3 MHz
VXCO signal from the frequency shift generator 3 MHz amplifier section, which is further amplified in the
converter section and then applied to translator Z112. A keying relay is energized whenever the EXCITER
switch is set to the ON position. As a result, when the CW mode is selected, the ground from the external
key is coupled through the MODE switch and the normally-closed contacts of the relay to both the carrier
generator and the translator, thereby initiating CW operation.

g. CARRIER GENERATOR ASSEMBLY Z109. The carrier generator develops a basic subcarrier fre-
quency of 250 kHz, and a 2.'75 MHz carrier frequency; it also contains a meter amplifier circuit for upper and
lower sideband audio translation to an equivalent level for display on the MONITOR meter, when USB or LSB
audio is selected by the METER switch, In addition, an AM amplifier circuit provides an audio amplitude-
modulated 250 kHz output when the AM mode of operation is selected.

The carrier generator receives a 1 MHz standard frequency input which is supplied to both the 250 kHz
and 2.75 MHz frequency generation circuits. In the 250 kHz channel, the 1 MHz input is divided by 4 to derive
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the basic 250 kHz subcarrier frequency; a switched ground enable is applied from the mode switching network
in the AM, USB, LSB, ISB and FSK modes to enable a 250 kHz subcarrier output signal; in the CW mode, the
ground enable is interrupted at the key rate, thereby producing a 250 kHz CW output. The 250 kHz output is
applied to the mode switching network for distribution to the various sections of the Exciter in accordance with
the MODE switch setting, and to the CARRIER control network for carrier reinsertion, when desired. In the
FAX mode, the 250 kHz channel is disabled.

The 2. 75 MHz channel produces an rf output by dividing the 1 MHz input by 4 and then multiplying the
resultant by 11 to derive the 2.75 MHz translation frequency. Switched +12 vdc to this channel and to the AM
amplifier section is controlled by the MODE switch and is present in the AM, USB, LSB, ISB and CW posi-
tions. The 2.75 MHz output is supplied to the converter section of the frequency shift generator.

The AM amplifier section develops an amplitude- modulated 250 kHz signal in the AM mode of opera-
tion, and consists of an audio amplifier and mixer circuit. In the AM mode, USB and/or LSB audio is routed
to the audio amplifier stage and then to the mixer; the 250 kHz subcarrier is applied directly to the mixer.
The resultant amplitude-modulated 250 kHz signal is then routed through the AM position of the MODE switch
to the converter section of frequency shift generator Z108.

h. STEP GENERATOR ASSEMBLY Z110. The step generator board Z110 contains three single stage
input amplifiers, two mixers and four 3-stage bandpass amplifiers. The basic frequencies, 13 MHz and 14
MHz, are mixed with the selected mixing frequency (0.8 MHz to 1.7 MHz) to produce the required difference
frequencies as previously specified in tables 4-1 and 4-2. The required channel is energized by switching
ground and B+ (12V) to the channel via the 10 MHz selector switch. Each input amplifier is provided with a
separate LEVEL ADJ potentiometer. The mixing frequency input amplifier (0.8 to 1.7 MHz) is always ener-
gized since the amplifier output is also coupled to step generator board Z113 for the 14 MHz mixer channel
which is incorporated on that board.

i. STEP GENERATOR ASSEMBLY Z111. The step generator board Z111 contains three X5 multi-
pliers, three bandpass filters and three tuned rf amplifiers. The required channel is energized by switching
B+ (12V) to the channel via the 10 MHz selector switch. The function of each of these channels is shown in
figure 4-1; the particular mixing frequency for each frequency step selection is specified in tables 4-1, 4-2
and 4-3 for the three frequency bands.

j. STEP GENERATOR ASSEMBLY Z113. The step generator board Z113 contains the 12 MHz mixer-
bandpass amplifier channel, three X2 multipliers, three bandpass amplifiers and a summing amplifier. The
basic 12 MHz frequency is mixed with the selected mixing frequency (0.8 to 1.7 MHz) to produce the required
difference frequencies as previously specified in table 4-3. The X2 multipliers function as shown on figure
4-1 to produce the carrier mixing frequency to the input of the translator board Z112; each of these carrier
mixing frequencies are specified in tables 4-1, 4-2 and 4-3. The outputs of the X2 multipliers are amplified
by three 3-stage tuned bandpass amplifiers and resistively summed at the base input of a single stage ampli-
fier. The output of this amplifier is then: coupled to the translator.

k., TRANSLATOR ASSEMBLY Z112. The translator board Z112 contains a three stage 40 MHz tuned
amplifier, an X3 multiplier which multiplies the 40 MHz to 120 MHz, atwo stage 120 MHz amplifier, a 10 to
11 MHz input amplifier, a balanced mixer circuit which combines the modulated 3 MHz signal with the 10 to
10. 9999 MHz least significant digits frequency, a two-stage 13 to 13.5 MHz tuned amplifier and a two-stage
13.5 to 14 MHz amplifier, three-stage ALDC amplifier which produces a dc level to control gain of the 13 to
13.5 MHz and 13.5 to 14 MHz amplifiers, a sum mixer which mixes the 13 to 14 MHz signal with the 120 MHz
frequency to produce a 133 to 134 MHz signal, a four-stage 133.5 tuned amplifier, a difference mixer to mix
the 133 to 134 MHz signal with the selected carrier frequency (104 to 132 MHz) to produce the final rf carrier
frequency (1.5 to 29,9999 MHz), and a single-stage rf amplifier to match the rf carrier to the output,

1. RF OUTPUT ASSEMBLY Z115. The rf output board Z115 contains three tuned rf stages that pro-
vide a nominal 20 dB gain across the complete rf frequency bandwidth (1.5 MHz to 29. 9999 MHz). A diode
detector and associated filtering network provide an automatic level dc voltage (ALDC) as a function of rf out-
put strength; this dc level can be adjusted from zero to -11 volts by the ALDC ADJ potentiometer on the rear
panel of the Exciter. Additionally, an external minus ALDC level can be coupled in the ALDC connector J123
on the rear panel to be summed with the internal ALDC level; this allows control of the rf output from an
external linear power amplifier to improve linearity and limit distortion. Each rf stage has an individual
BIAS ADJ potentiometer; these are set while monitoring the current flow through each stage to adjust each
stage for optimum performance.

m. OUTPUT FILTER ASSEMBLY Z114 (A4507). The output filter board A4507 contains six L-C

bandpass filter networks; each filter network is selected by an associated 30 vde relay. The filters provide
the following frequency ranges:
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K1 1.6 MHz to 2.5 MHz
K2 2.5 MHz to 4.0 MHz
K3 4.0 MHz to 7.0 MHz
K4 7.0 MHz to 12.0 MHz
K5 12. 0 MHz to 20.0 MHz
K6 20.0 MHz to 29. 9999 MHz

n. OUTPUT FILTER ASSEMBLY Z114 (A4654). The output filter board A4654 contains one L-C low-

pass filter network which attenuates spurious signals above 32 MHz.
NOTE

If neither output filter Z114 is installed, the rf output is by-
passed to the RF OUT jack.
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SECTION 5

MAINTENANCE

5-1, PREVENTIVE MAINTENANCE

The following paragraphs describe procedures to inspect, check and clean the components of the
MMX(M)-2. In general, preventive maintenance provides a basis for recognizing future probable causes of
equipment malfunction in the early stages of deterioration. Many such causes are apparent to the senses of
sight, touch and smell. Therefore, by adhering to a stringent program of preventive maintenance, involving
periodic inspection and checks, the most probable causes of equipment malfunction can be avoided, thereby
minimizing equipment downtime and the possibility of compromising important schedules. Paragraph 5-3b
presents a listing of test equipment required for MMX(M)-2 maintenance.

a. INSPECTION AND TEST. The following paragraphs describe equipment inspection and power
supply checks to be performed on a weekly basis.

(1)  General Inspection. A most important and least expensive tool in the preventive maintenance
program is the sense of sight; a thorough visual inspection of an assembly or component for tell-tale signs of
deterioration prior to failure can save hours of test and troubleshooting time after a complete breakdown.
Table 5-1 presents a weekly inspection checklist for the MMX(M)-2.

TABLE 5-1. WEEKLY INSPECTION ROUTINE

Assembly or

Subassembly Check

Line Power Cord Check three-wire line power
cord for cracks, nicks or
fraying.

Main Chassis 1. Check underside of chassis

Assemblies for dirt and dust.

2. Check all inter-connector
wiring for nicks, cracks or
fraying.

3. Check all printed circuit
boards for cracks; check
components for looseness
and evidence of deteriora-
tion from possible over-
heating.

4. Check printed circuit board
jacks for tightness against
chassis.

5. Check ground connections
for security.

Front and Rear 1. Check panel for general
Panels cleanliness.
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TABLE 5-1. WEEKLY INSPECTION ROUTINE (Cont)

Assembly or

Subassembly Check
Front and Rear 2. Check all control knobs for
Panels (Cont) smoothaction from limit-to-

limit. Check all switches
for positive action.

3. Check MONITOR meter face
for cracks, scratches, etc.

4. Check indicator faces for
cracks.

5. Remove line fuses and check
for proper 1l-ampere or
0.5-ampere value and condi-
tion (0.5-ampere with 230
vac line).

6. Check all input/output jacks
for security against panel.

(2)  Power Supply Checks. Perform the power supply checks on a weekly basis as follows:

(@) Disconnect the line power cord from the 115 or 230 vac source.

(b) Unplug power supply regulator board Z303 from its receptacle at the rear center of the
chassis; insert the small extender board in the vacated receptacle and mount the regulator board on the extend-
er board.

(c) Place POWER switch on front panel to ON position. Connect line power cord to 115 or
230 vac source as applicable.

(d) Using a VTVM, or equivalent, check dc voltage at pin F of Z303; voltage should be
+12 vde +1%.

(e) Check voltage at pin 4 of Z303; voltage should be +24 vdc +1%.

(f) Check voltage at pin 3 of Z303; voltage should be +30 vdc +1%.

(&) Remove line cord from power source, and replace regulator board into mating jack J303
after removing extender board.

(3)  Functional Test. Perform the checkout procedure for the MMX(M)-2 outlined in Section 2,
paragraph 2-5, on a weekly basis, after a check has been made of the power supplies.

b. CLEANING INSTRUCTIONS. In general, the MMX(M)-2 should be cleaned once a month, using a
soft camel's hair brush, forced air pressure of not more than 20 psi and a suitable cleaning agent such as
trichlorethylene or methylchloroform.

WARNING

When using toxic solvents, make certain that adequate
ventilation is provided; prolonged or repeated breathing
of the vapor shall be avoided. Avoid prolonged or re-
peated contact with skin. Flammable solvents shall

not be used on energized equipment or near other equip-
ment from which a spark may be received.

CAUTION

TRICHLORETHYLENE CONTAINS A PAINT REMOVING
SOLVENT; AVOID CONTACT WITH PAINTED SURFACES.

5-2 003712033



Remove dirt or grease from wiring and chassis surfaces using cleaning solvent; dry with compressed
air. Remove dust from printed circuit boards using a soft camel's hair brush. Blow out accumulated dust
from inaccessible areas of chassis using forced air.

5-2, TROUBLESHOOTING

The circuits of the MMX(M)-2 are contained on PC boards accessible from the top of the chassis. The
card Zxxx numbers are the circuit reference designation prefix. Numbers prefixed with an "A" are the PC
assembly part numbers by which they are identified and ordered. The "Z" prefix number is silkscreened
both on the card and on the chassis adjacent to the PC board receptacle. Some PC boards in the MMX(M)-2
and in other TMC equipment, although they are assigned different "Z' designations, have the same assembly
"A" prefix and are thus identical and interchangeable. These PC boards have similar keying at their plug
ends and mating receptacles. The power supply assembly heat sink is mounted against the rear wall of the
chassis; the smaller power supply boards are mounted forward of the heat sink and are removable.

In general, a malfunction of the MMX(M)-2 will usually manifest itself by lack of, or improper read-
ings on the MONITOR meter, and can be quickly localized to a particular printed circuit board by the logical
process of elimination. If a second MMX(M)-2 is obtainable, or a set of spare PC boards is available,
troubleshooting can be facilitated by the board substitution method. In some instances, a particular board
may require alignment or adjustment as outlined in paragraph 5-3. Table 5-2 presents a troubleshooting
chart for the MMX(M)-2; figures 5-1 and 5-2 show respective top and bottom views of the equipment.

TABLE 5-2. TROUBLESHOOTING CHART

Step Trouble Probable Cause Remedy
1 No rf output at any Check that POWER indi- If lamp is not illumi-
selected frequency. cator is illuminated with nated, check power
POWER switch ON. supply voltages as out-

lined in paragraph 5-1
a.(2). If lamp is illumi-
nated, proceed to step

2.
2 Check that STD switch Set switch at INT. If
is set to INT. switch is at INT, pro-
ceed to step 3.
3 Check for normal dis- If all readings are nor-
play on MONITOR with mal, proceed to step 4.
METER switch in Q1, If any reading is ab-
Q2 and Q3 position. normal, replace Z115,
4 Check for 1 MHz output If 1 MHz is present,
at 1 MHz MON jack on proceed to step 5. If
rear chassis, 1 MHz is not present,

check for 1 MHz out-
put at J302 on the
power supply assem-
bly. If not present,
replace 1 MHz stand-

ard Z301.

5 Check for 8, 12, 13, If present, proceed to
14 and 40 MHz from 1 step 6. If not repiace
MHz spectrum genera- Z101.
tor on 2101,

6 Check for 100 kHz spec- If present, proceea to
trum output at pin D of step 7. If not replace
z101, Z101.
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TABLE 5-2. TROUBLESHOOTING CHART (Cont)

Step Trouble Probable Cause Remedy

7 Check for 3 MHz input If not present, pro-
to translator 2112, ceed to step 8. If
pin D, present proceed to

step 9.

8 Check for 2.75 MHz, 250 If not present, replace
kHz or 3 MHz input to Z109. If present, re-
frequency shift gen- place Z108.
erator Z108, pin C.

9 Check for 10-11 MHz, If 10-11 MHz input is
40 MHz, and 104 to missing, check final
132 MHz input to trans- mixer Z106. If 40 MHz
lator Z112, is missing, check spec-

trum generator Z101,
If 104 to 132 MHz input
is missing, check step
generator 2113,

If all inputs to trans-
lator Z112 are present,
and still no output,re-
place 2112,

5-3. ALIGNMENT PROCEDURES AND EQUIPMENT REQUIRED

The following paragraphs present alignment procedures on a PC card level required to maintain the
Exciter in a satisfactory operating condition. Table 5-3 presents a listing of test equipment required for
complete alignment of the Exciter.

TABLE 5-3. TEST EQUIPMENT REQUIRED

Equipment Manufacturer
Signal Generator Hewlett-Packard Model 606B, or
equivalent
Oscilloscope Tektronix, Model 541A, or
equivalent
Spectrum Analyzer Lavoie Laboratories, Inc. Model

LA-40A, or equivalent

Audio Generator Hewlett-Packard Model 200 CD,
or equivalent

VTVM Ballantine Model 314, or equiva-
lent

RF VTVM Hewlett-Packard Model 411A

Frequency Counter Hewlett-Packard Model 5244L, or
equivalent

Attenuator Telonic Model D-950 or equivalent

Millivolt Meter Millivac Model MV-28B, or
equivalent

VOM Simpson 260, or equivalent
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Figure 5-1. Top View, Location of Major Components
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a. POWER SUPPLY BOARDS 7303 AND Z304 (see figure 5-3). Check the power supply boards as
follows:

(1) Remove RF output card Z115,
(2) Plug in ac line cord, STANDBY indicator shall illuminate amber.

(3) Position ON/STANDBY switch to ON. POWER indicator shall illuminate red and STANDBY
indicator shall extinguish.

NOTE
Allow at least 30 minutes for equipment to warm up.

(4) Connect VOM between J304 pin G (ground) and J304 pin A, Voltmeter shall indicate approxi-
mately +40 vdc.

(5) Connect VOM between J304 pin G (ground) and J304 pin E. Voltmeter shall indicate +20 volts.

(6) On board Z303, connect VOM to J303 pin E. Voltmeter shall indicate approximately +20 vdc.

(7) Connect VOM to J303 pin A. Voltmeter shall indicate approximately +40 vdc.

(8) Connect VOM between J303 pin F and ground. Voltmeter shall indicate 12.0 vdc.

(9) Remove VOM from J303 pin F and connect oscilloscope. Maximum ac ripple shall not exceed
5 mv,

(10) Connect VOM between J303 pin 4 and ground. Voltmeter shall indicate 24.0 vdc.

(11) Remove VOM from J303 pin 4 and connect oscilloscope. Maximum ac ripple shall not exceed
2 mv,

(12) Connect VOM between J301 pin E and ground. Voltmeter shall indicate +30 vdc +1 vdc.

(13) Position ON/STANDBY switch to STANDBY .

(14) Position METER switch to Q1.

(15) Connect VOM to J115 pin J as shown in figure 5-3.

(16) Adjust potentiometer R106 (located at rear of METER switch) for equal indications on the
MMX MONITOR meter and the VOM.

VOM
Ji15 +— 0-500 MA F—WA———wW\—)
PIN J SCALE 3on 3on =
ow ow

Figure 5-3. Power Supply Board Test Setup

b. SPECTRUM GENERATOR Z101. (See figure 5-4.) Align the spectrum generator board as follows:

NOTE
Place cards Z103, Z105 and Z106 into unit for 1 MHz load.

(1) For 1 MHz set STD INT/EXT switch on rear panel to INT position.

(2) Connect the oscilloscope and counter between pin A and ground and adjust T1 for maximum
1 MHz output.

(8) Connect the scope & counter to J101 pin 3, and adjust R60 for 0.6 volt P-P. 1 MHz signal
output.

(4) Connect scope and counter to J101 pin 8; connect ground lead to J101 pin J. Set frequency sel-
ectors to 11,0000 MHz. Adjust T3 for maximum 12 MHz signal, amplitude should be about 0. 4 volt P-P.

(5) Connect scope and counter to J101 pin P; connect ground lead to J101 pin R. Adjust T9 for
maximum 13 MHz signal. The amplitude should be about 0. 4 volts P-P.

(6) Connect scope and counter to J101 pin S; connect ground lead to J101 pin 15. Adjust T11 for
maximum 8 MHz signal. The output should be about 1.5 volts P-P.
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(7) Connect scope and counter to J101 pin 13; connect ground lead to J101 pin 12. Adjust T7 for
maximum 14 MHz signal. The amplitude should be about 0.75 volt P-P.

(8) Connect Millivac MV-28B VTVM to J101 pin 11; connect ground lead to J101 pin 10, Adjust
C86, C89 for maximum output, about 70 mv rms. Measure the frequency, it should be 40.0 MHz.

r

© ©

A4430

PC383-A

oTl o

:
= =]
o coe

Figure 5-4. Spectrum Generator Z101, Adjustments

c. COMB FILTER 7102. (See figure 5-5.)

(1} Place 100 kHz, 10 kHz, 1 kHz, 100 Hz switches to blank positions.

(2) Connect scope and counter to TP12, ¢round lead to pin 15. Adjust T12 for maximum 800 kHz
signal. Then adjust R42 for 0.7 volt P-P.

(3) Connect scope and counter to TP10. Adjust T10for maximum 1.0 MHz signal; then adjust
R35 for 0.7 volt P-P.

(4) Connect scope and counter to TP8. Adjust T8 for maximum 1.2 MHz signal; then adjust
R28 for 0.7 volt P-P.

(5) Connect scope and counter to TP6. Adjust T6 for maximum 1.4 MHz signal; then adjust
R21 for 0.7 volt P-P.

(6) Connect scope and counter to TP3. Adjust T4 for maximum 1.6 MHz signal; then adjust
R14 for 0.7 volt P-P.

(7) Connect scope and counter to TP2. Adjust T1 for maximum 1.8 MHz signal; then adjust
R3 for 0.7 volt P-P.

d. COMB FILTER Z103. (See figure 5-6.)

(1) Set 100 kHz, 10 kHz, 1 kHz, 100 Hz selectors to blank positions.

(2) Connect scope and counter to TP12, ground lead to pin 15. Adjust T12 for maximum 900 kHz
signal; then adjust R42 for 0.7 volt P~P.

(3) Connect scope and counter to TP10. Adjust T10 for maximum 1.1 MHz signal; then adjust
R35 for 0.7 volt P-P.

(4) Connect scope and counter to TP8. Adjust T8 for maximum 1.3 MHz signal; then adjust R28
for 0.7 volts P-P.

(5) Connect scope and counter to TP6. Adjust T6 for maximum 1.5 MHz signal; then adjust
R21 for 0.7 volt P-P.

(6) Connect scope and counter to TP3. Adjust T4 for maximum 1.7 MHz signal; then adjust
R14 for 0.7 volt P-P.
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(7) Connect scope and counter to TP2. Adjust T1 for maximum 1.9 MHz signal; then adjust R3 for

0.7 volt P-P.
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Figure 5-5. Comb Filter Z102, Adjustments
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Figure 5-6. Comb Filter Z103, Adjustments
e. SINGLE MIXER-DIVIDER Z104.

ector; for all positions the signal should be 0.6 volt minimum.

003712033

(1) Set 100 kHz, 10 kHz, and 1 kHz frequency selectors to blank positions.
(2) Connect the scope and counter to J104 pin 15.

Select each position of the 100 Hz sel-

(1 to 1.09 MHz).
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f. DUAL MIXER - DIVIDER Z105.

(1) Set 100 kHz frequency selector to a blank position.

(2) Connect scope and counter to J104 pin 15, The amplitude should be 0.6 volt P-P minimum
in all 0-9 positions of the 10 kHz, 1 kHz and 100 Hz selectors. The indicated frequency should vary from
1.0 MHz to 1.0999 MHz as these selectors are rotated through their 10 positions.

g. MIXER - FINAL 7106,

(1) Connect scope and counter to J106 pin 13.

(2) Place 100 kHz, 10 kHz, 1 kHz and 100 Hz selector switches to "0". The signal should be
0.2 volt P-P minimum and the frequency should be 10,0000 MHz.

(3) Rotate the 100 Hz, 1 kHz, 10 kHz and 100 kHz selector switches to 9. The frequency should
increase to 10.9999 MHz in 100 Hz, 1kHz, 10 kHz and 100 kHz steps. The amplitude in each switch position
should be 0.2 volt P-P minimum.

h.  CARRIER GENERATOR Z109. (See figure 5-7.)

Adjust R27 fully CCW, place STANDBY-ON switch to ON and MODE switch to AM position,
Connect scope and counter to TP1. The signal should be 1 MHz, 10 volt P-P.

Connect scope and counter to TP4. The signal should be 250 ke, 1.4 volt P-P (approximately).
Connect scope and counter to TP7. The signal should be 2.75 MHz. Adjust R47 for 70 millivolts
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Figure 5-7., Carrier Generator Z109, Adjustments

i. SIDEBAND GENERATOR Z107. (See figure 5-8.)

NOTE

It is necessary that carrier generator card Z109 be
checked and inserted previous to the alignment of z107.

(1) Remove Frequency Shift Card Z108.

(2) Connect audio generator HP200 CD with one side grounded to USB terminals on rear panel
of MMX unit. Adjust the audio generator for a 1 KHz output at a level of 78 millivolts (-20dbm).

(3) Set MODE switch and METER switch on front panel to USB positions.

(4) Adjust USB MIKE /LINE control for 2/5 of full scale reading on front panel meter. (Reading
of 2)
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(5) Connect Ballantine VTVM to TP4. The level should be approximately 16 millivolts RMS
(44 mv Peak to Peak).

(6) Comnnect the scope and counter to TP10 (output of the USB filter). The amplitude should be
about 75 mv P-P at one single frequency of 251 kHz.

(7) Remove the audio generator from the USB terminals and connect the audio generator with one
side grounded to the LSB terminals on rear panel of MMX unit. Adjust the audio generator for a 1 kHz output
at a level of 78 millivolts (-20 dbm).

(8) Set MODE and METER switches on front panel to LSB positions.

(9) Set LSB MIKE/LINE control for 2/5 of full scale reading on front panel meter. (Reading

of 2).
(10) Connect Ballantine VIVM to TP1. The level should be approximately 16 millivolts RMS

(44 mv Peak to Peak).

(11) Connect the scope and counter to TP9 (output of the LSB filter). The amplitude should be
about 75 mv P-P at one single frequency of 249 kHz.

(12) Connect audio generator to front panel MIKE input. Adjust the audio generator to 1 kHz, at
1 mv RMS. (Measure with a Ballantine 314 VTVM.)

(13) Connect a short jumper across C49.

(14) Connect the VTVM Ballantine 314 to TP3,

(15) Adjust R9 for indicated level of 40 mv RMS.

— :
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Figure 5-8. Sideband Generator Z107, Adjustments

j. FREQUENCY SHIFT GENERATOR Z7108. (See figure 5-9. )

NOTE

Do not attempt an alignment of the FSK and FAX adjustments
without a one hour warmup of the 3 MHz oven.

(1) Plug 2108 into its chassis slot with extender card. Place MODE switch to ISB position. Ad-
just R58 fully CCW. Turn CARRIER (front panel) control fully CW and place STANDBY -ON switch to ON
position.

(2) Connect scope and counter to TP1. A 2.75 MHz signal at 70 millivolts P-P should be present.

(3) Connect scope and counter to TP2. A 250 kHz signal at 70 millivolts P-P should be present.

(4) Connect scope and counter to TP5.

(5) Rotate MODE switch to FSK position.

(6) Set R101 on rear panel of MMX to mid range, set SHIFT switch to + 425 cycles, and place
SENSE switch to + (up) position.
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(7) Adjust R-56 for maximum signal.
(8) Insert Z108 into chassis slot without extender.

NOTE

Five adjustment holes are on top of card; these are 25 turn
potentiometers and are identified on figure 5-10.

(9) Adjust R35 and R36 fully CCW.

(10) Adjust R37 for 3 MHz on the frequency counter.

(11) Adjust R36 for 2,999, 575 cycles on the frequency counter.

(12) Set SENSE switch to (-) (DOWN) and adjust R35 for 3,000, 425 cycles.

(13) Place SENSE switch to (+), readjust R36 for 2,999,575 cycles. Place SENSE switch to (-)
and adjust R35 for 3,000,425 cycles. Repeat these steps until both frequencies are within 5 cycles of the
required frequencies.

(14) Set the rear panel SHIFT switch to + 170 cycles, and place the SENSE switch to (+). The
counter should read 2,999, 830 +15 cycles.

(15) Set SENSE switch to (-). The counter should read 3,000, 170 +15 cycles.

(16) Set rear panel SHIFT to +85 position, and SENSE switch to (+). The counter should read
2,999,915 £10 cycles.

(17) Place SENSE switch to (-). The counter should read 3,000,085 +10 cycles.

(18) Set rear panel SHIFT to +42.5 position and place SENSE switch to (+). The counter should
read 2,999, 958 5 cycles.

(19) Place the SENSE switch to (-). The counter should read 3,000,042 5 cycles.

(20) Rotate the MODE switch to FAX position and adjust R25 fully CW,

(21) Connect a variable d-c power supply to the FAX terminals on the rear panel.

(22) Monitor the power supply output with a de meter and adjust the powe r supply output for plus
one volt.

(23) Adjust R27 for 2, 999, 600 5 cycles.

(24) Adjust the power supply output for plus 10 volts and adjust R25 for 3,000, 400 +5 cycles.

(25) Repeat the adjustments of R25 with +1.0 volt and R27 with +10 volts, until the specified fre-
quencies can be obtained within five cycles.

(26) Check the linearity of the FAX circuits by changing the input voltage from +1 to +10 volts.
For each change of 1 volt, the frequency should change 89 5 cycles. A typical measurement is shown below:

DC VOLTS FREQUENCY
1 2,999,600 +5 cycles
2 2,999,689 +5 cycles
3 2,999,778 45 cycles
4 2,999,867 £5 cycles
5 2,999,956 +5 cycles
6 3,000,045 +5 cycles
7 3,000,134 15 cycles
8 3,000,223 +5 cycles
9 3,000, 312 45 cycles
10 3,000, 400 +5 cycles

k. STEP GENERATOR Z110. (See figure 5-11.)

(1) Remove Comb Filters Z102 and Z103.

(2) Set the front panel frequency selectors to 03,0000 MHz.

(3) Connect scope and counter to the collector of Q1, and adjust R1 for a 14 MHz signal at 2 volts
P-P.

(4) Comnect an rf signal generator as shown in figure 5-12.

(5) Adjust signal generator for an output of 1.05 MHz, at a level of 100 millivolts, rms. The
100 millivolts to the counter will allow continuous frequency monitoring. In all cases, set the generator fre-
quency as close as possible to the specified frequency.

(6) Connect scope to J110 pin R, and adjust R28 for 0.4 volts P-P. (1.05 MHz).

(7) Connect scope and counter to J110 pin 5. Carefully vary the frequency of the signal generator
from 800 kHz to 1.2 MHz. The scope level should be approximately 2 volts P-P minimum, and the output
frequency should vary from 13,2 MHz to 12. 8 MHz. Adjust T8 for maximum indication.

(8) Set the signal generator to 1.55 MHz, 100 millivolts, as before. Change the frequency sel-
ectors on the MMX front panel to 07.0000 MHz.
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Figure 5-9. Frequency Shift Generator 2108, Adjustments
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Figure 5-11. Step Generator Z110, Adjustments
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(9) Vary the frequency of the signal generator from 1.3 MHz to 1.7 MHz. The output on the
scope should be 2.0 volts P-P minimum, and the output frequency should vary from 12.7 to 12.3 MHz. Ad-
just T16 for maximum indication.

. (10) Place MMX front panel selectors to 13.0000 MHz and adjust signal generator for 1.05 MHz.

(11) Connect scope to the collector of Q9 and adjust R61 for a level of 2 volts P-P.

(12) Connect scope and counter to J110, pin 4 and adjust T24 for maximum indication.

(13) Carefully vary the signal generator from .8 MHz to 1.2 MHz. The output on the scope should
be about 2.0 volts P-P minimum, and the frequency should vary from 12.2 MHz to 11.8 MHz.

(14) Adjust signal generator to 1.55 MHz and change front panel selectors to 17.0000 MHz.

(15) With scope still at pin 4, J110, adjust T31 for maximum indication. Carefully vary the signal
generator from 1.3 MHz to 1.7 MHz. The scope output should be about 2.0 volt P-P minimum, and the out-
put frequency should vary from 11,7 MHz to 11,3 MHz. Adjust T31 for maximum indication.

(16) Replace comb filters Z102 and Z103 and remove signal generator.

FREQUENCY
COUNTER
SIGNAL
GENERATOR [ ]
DD550
L —efTOGGLE SWITCH JI10-N
ATTENUATOR

Figure 5-12. Signal Generator, Test Setup

1. STEP GENERATORS Z111ANDZ113. The following procedures are inter-related and must be
performed in the following order:  Step Generator, Z113, paragraph m then step generator Z111 paragraph n.

m. STEP GENERATOR Z113. (See figure 5-13.)

(1) Remove comb filters Z102 and Z103.

(2) Set front panel selectors to 28. 0000 MHz.

(3) Connect scope at the collector of Q14 and adjust R78 for maximum 12 MHz indication.

(4) Connect scope at the junction of T11 and CR1 and adjust T11 for maximum 12 MHz signal.

(5) Connect scope to the junction of C104 and R88 and adjust C101 and R84 alternately, in small
increments, until minimum 12 MHz signal is achieved.

(6) Connect scope to the collector of Q14 and adjust R78 for a 12 MHz level of 2.0 volts P-P.

(7) Connect a H.P. 606B signal generator to J1 10, pin N as shown in figure 5-12; use no attenua-
tion unless directed.

(8) Set the signal generator to 1.6 MHz at a level of 100 millivolts RMS.

(9) Connect scope and counter to J113 pin N and adjust T18 for maximum 10.4 MHz signal.

(10) Carefully vary the signal generator from 1.4 MHz to 1.6 MHz. The output should be about
1.0 volt P-P minimum, and the frequency should vary from 10.6 MHz to 10.4 MHz.

(11) Set the signal generator to 1.1 MHz at an output level of 400 millivolts P-P, and set the
MMX front panel selectors to 23.0000.

(12) Connect scope and counter to J113 pin N and adjust T25 for maximum 10.9 MHz indication.

(13) Carefully vary the signal generator from 0.8 MHz to 1.3 MHz. The output should be 1.0
volt P-P minimum, and the frequency should vary between 11,2 MHz and 10.7 MHz.

(14) Replace comb filters Z102, Z103 and remove signal generator.

n. STEP GENERATOR Z111, (See figure 5-14, )

(1) Set front panel selectors to 25. 0000,

(2) Connect the rf VTVM Millivac MV28B to J111 pin 1,

(3) Adjust C19 for maximum meter deflection.

(4) Vary the front panel selectors from 21.0000 to 31.0000 MHz in 1-MHz steps. The
VTVM shall indicate 40 millivolts RMS minimum throughout the range. If not, slightly adjust C19 (with front
panel selectors at 25.0000 MHz) until gain can be equalized across the band (as closely as possible),

(5) Set front panel selectors to 15. 0000 MHz.

(6) Connect rf VTVM Millivac MV28B to J111 pin 2.
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Figure 5-14, Step Generator Z111, Adjustments

(7) Adjust C41 for maximum meter deflection.

(8) Vary the front panel selectors from 11.0000 to 20.0000 MHz in 1 MHz steps. The
VTVM shall indicate 40 millivolts RMS minimum throughout the range. If not slightly adjust C41 (with front
panel selectors at 15.0000 MHz) until gain can be equalized across the band (as closely as possible).
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shall indicate 40 millivolts RMS minimum throughout the range.

selectors at 05.0000 MHz) until the gain can be equalized across the band (as closely as possible).

HP411A VTVM across the load, select the 10 volt range.
set front panel selectors to 29.999 MHz.

0.

(9) Set the front panel selectors to 05.0000 MHz.
(10) Connect the rf VTVM Millivac MV28B to J111 pin 3.
(11) Adjust C62 for maximum meter deflection.

(12) Vary the front panel selectors from 01.0000 to 10.0000 MHz in 1 MHz steps. The VTVM

RF OUTPUT Z115. (See figure 5-15.)

CAUTION

Do not adjust the RF output card until a complete alignment
of power supply is accomplished.

If not slightly adjust C62 (with front panel

(1) Connect a 50 ohm (2 watt noninductive) load to RF QOUTPUT connector on rear panel. Connect

Turn ALDC control on rear panel fully CCW and
Connect a short jumper from J115 pin S to J114 pin B.

(2) Connect scope to J115 pin B. Turn RF OUTPUT control on front panel CW until the scope
reading is 220 millivolts P-P, the HP411A VTVM should read 3. 55 volts RMS.
(3) Using the VOM, measure the dc voltage on pin 12 of J115. It should bary from 0 to 12 volts
as the ALDC control on the rear panel is rotated. Adjust the ALDC control to its full CCW position.
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Figure 5-15. RF Output Z115, Adjustments

FINAL ALIGNMENT.

NOTE

To be completed after individual circuit boards have been
adjusted in accordance with the previous procedures.

(1) Preliminary Steps:

Insure that all cards are inserted and aligned.
Place RF OUTPUT control fully CCW

Set front panel selectors to 29.9999 MHz
Rotate CARRIER control fully CCW
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Set the MODE switch to ISB position.
Place the STANDBY -ON switch to ON.

(2) Connect the audio generator HP200CD to both 600 ohm sideband inputs on rear panel. Adjust
generator for a 1 kHz output at a level of 78 millivolts RMS unbalanced.
(3) Set exciter controls as follows:

Set both MIKE /LINE controls to "0".

Set METER switch to Q1 position.

Rotate the ALDC control on the rear panel fully CCW.

Turn METER switch to Q1. The MONITOR needle indicates in the GREEN region marked Ql.

Turn METER switch to Q2 position. The MONITOR needle should indicate in the GREEN
region marked Q2.

Turn METER switch to Q3. The MONITOR needle indicate in the GREEN region marked Q3.

(4) Connect an oscilloscope to TP1 of Z107 and adjust the LSB MIKE /LINE control for 44 milli-

volts P-P.
(5) Set METER switch to LSB, the front panel MONITOR should read 2/5 of full scale. Return

the LSB MIKE/LINE control to zero.

(6) Connect an oscilloscope to TP4 of Z10%7 (see figure 5-8) and set USB MIKE/LINE control for
44 millivolts P-P. Set METER switch to USB, the front panel meter should indicate 2/5 of full scale. Return
USB MIKE/LINE control to zero.

(7) Connect the spectrum analyzer LA-40A to the RF MONITOR jack on the rear of the MMX.

(8) Comnnect a 50 ohm (2 watt noninductive) load resistor to the RF OUTPUT jack on the rear of
the unit and connect the HP411A VTVM across the 50 ohm load.

(9) Remove Z109 and insert into chassis with the extender card.

(10) Turn MODE switch to ISB position. )

(11) Connect scope to J109 Pin N and adjust the 250 kHz signal with R27 on Z109 (see figure 5-7)
for a level of 70 millivolts P-P on the scope.

(12) Rotate front panel CARRIER control fully CW and adjust the RF OUTPUT control on the front
panel for 3.5 volts RMS on the VIVM.

(13) Connect the oscilloscope across the 50 ohm load. Use the front panel selectors to choose
frequencies at random.

CAUTION

Keep RF output below 7.0 volts RMS on VTVM using RF output
control,

(14) Examine the resultant sine waves by moving the TIME/CM oscilloscope controls through a
wide range. There should be no trace of modulation. Remove the oscilloscope.

(15) Set the MMX frequency to 29,2500 MHz. With Front Panel carrier control fully CW, adjust
RF OUTPUT control for 2.5 volts on the VTVM. Set MMX frequency to 29.7500 MHz, and adjust R109 on
Z112 for the same output level. (some models only)

(16) Vary the frequency selectors from 29.0000 to 29.9999 MHz and find the frequency with the
lowest indicated output amplitude. Then adjust R97 on Z112 (see figure 5-16) for maximum signal at that fre-
quency.

(17) Turn MODE switch to CW position.

(18) Select 29.9999 MHz on front panel.

(19) Rotate RF OUTPUT control fully CW; adjust R58 on Z108 (see figure 5-9) for 7.0 VRMS on
the VTVM.

(20) Turn MODE switch to ISB position and rotate CARRIER control fully clockwise.

(21) Set front panel frequency selectors to 12,0000 MHz.

(22) Adjust RF OUTPUT control for 3.5 VRMS on HP411A VTVM. (Do not touch RF output con-
trol for the rest of these adjustments unless told to do so.) Observe that one signal is present on the spectrum
analyzer. Adjust the spectrum analyzer display so that this signal is at a 0DB reference.

(23) Turn MODE switch to CW position.

(24) Adjust R20 on Z109 (mounted on the extender card) for 3.5 VRMS on the VTVM. Observe
that one signal is present at 0 db level on the spectrum analyzer.

(25) Switch from ISB (Full Carrier, no Audio) to CW; there should be no change on the VIVM RF
output voltage indication.

(26) Turn MODE switch to AM (no modulation applied).

(27) Adjust R69 on Z109 an indication of 1.75 VRMS on VTVM.
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Figure 5-16. Translator Z112, Adjustments

NOTE

The signal level displayed on the analyzer should be at a
-60DB level. This should change 6DB when the MODE switch
is placed in the CW, USB or LSB Full Carrier and ISB Full
Carrier positions.

(28) Remove Z109 from the extender card and replace it in its chassis socket.
(29) Remove Z108 and mount it to the chassis on the extender card.

(30) Turn MODE switch to FSK position.

(31) Adjust R56 on Z108 (See figure 5-9) for 3.5 VRMS on the VTVM.

NOTE

Maintain RF output control adjustment from previous pro-
cedure (0 DB rf level indicated on spectrum analyzer).

(32) Remove Z108 from extender card and replace it in its chassis socket.

(33) With front panel CARRIER control fully clockwise, the following voltages should be observed
on the VTVM connected to the RF output. One signal should be displayed on the analyzer at the following
specified DB levels:

MODE VIVM ANALYZER
AM - 176 VRMS -6.0 DB
USB - 3.5 VRMS 0.0 DB
LSB - 3.5 VRMS 0.0 DB
ISB - 3.5 VRMS 0.0 DB
CW - 3.5 VRMS 0.0 DB
FSK - 3.5 VRMS 0.0 DB
FAX - 3.5 VRMS 0.0 DB

q. MODULATION LEVEL CHECK AND ADJUSTMENT.

(1) Set front panel selectors to 12.0000 MHz.
(2) Turn MODE switch to ISB and adjust CARRIER control fully CW.
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53 Insure that USB and LSB-MIKE/LINE controls are set at AN
4) Adjust RF output control for a reading of 3.5 VRMS across the 50 ohm load connected to RF

Out jack J-124.
NOTE

DO NOT change RF output position for the following adjust-
ments,

(5) Connect spectrum analyzer to RF MON jack J 125 and adjust display to indicate 0 DB.
NOTE
A single tone (Carrier) should be displayed on the spectrum analyzer.

(6) Rotate CARRIER control fully CCW; signal on analvzer should decrease to ~-55 DB (or lower.)

(7) Set METER switch to USB. Adjust USB-MIKE/LINE for 4/5 full scale reading. The VTVM on
dummy load (J-124) shall indicate 3.5 VRMS. If not, adjust R34 on Z107 (see figure 5-8) until it does.

(8) Rotate USB-MIKE/LINE control fully CCW (0 on meter).

(9) Set METER switch to LSB position and adjust LSB /MIKE gain control to indicate 4/5 full
scale. Observe that VTVM, across 50 ohm load indicates 3.5 VRMS. If not, adjust R60 on Z107 (see
figure 5-8).

(10) Rotate LSB-MIKE/LINE control fully CCW (0 on meter) and adjust RF QUTPUT fully CCW.

(11) Remove the audio generator from the sideband inputs on the rear panel and connect a two-tone
generator (TTG) to both rear panel sideband inputs.

(12) Set METER switch to USB position and adjust USB MIKE/LINE control for 4/5 full scale in-
dication on meter.

(13) Adjust RF OUTPUT control for 3.5 VRMS out on VTVM connected across 50 ohm dummy load.
Two rf tones should be displayed on the spectrum analyzer. Distortion products should be down -40 DB from
the displayed two-tone signals.

(14) Rotate USB-MIKE/LINE control to "0".

(15) Set METER switch to LSB position and adjust LSB-MIKE/GAIN control for 4/5 full scale indi-
cation on meter.

(16) Observe that distortion products are down at least -40 DB from the two tones displayed on the
spectrum analyzer.

(17) Rotate LSB-MIKE/LINE control to "0

(18) Adjust the output of the two tone generator for one tone out at a level of 78 millivolts RMS.

(19) Adjust the LSB-MIKE/LINE control for a 4/5 full scale indication on meter.

(20) Set MODE switch to AM position.

(21) Observe that VTVM across output indicates 3.5 VRMS.

(22) Observe that the distortion products on the spectrum analyxer are down -25 DB or lower from
the carrier spike and the upper and lower sideband tones are down approximately -7 DB from the carrier as
shown in figure 5-17.

¢ TOP LINE OF ANALYZER
<+— -7db

T

—25db MINIMUM

b

Figure 5-17. Carrier Double-Sideband Modulation Waveform

003712033 5-19/(5-20 blank)






SECTION 6

PARTS LIST

6-1. INTRODUCTION. The parts list presented in this section is a cross-reference list of parts identified by
a reference designation and TMC part number. Parts appearing on the schematic diagram are assigned
reference designations. In most cases, the reference designations are marked on or close to the part identi-
fied. The mechanical and electro-mechanical parts have TMC part numbers stamped on them. Be certain
when ordering any parts to specify the following:

1. The reference designation and the TMC part number

2. The description in the parts list.

3. Model and serial numbers of the equipment; this can be obtained from the equipment nameplate.
6-2. CIRCUIT CARD REPLACEMENT, When it is determined that a circuit card assembly is defective,

it is recommended that the circuit card assembly be returned to the Technical Materiel Corporation for repair
and testing. Address all orders to:

The Technical Materiel Corporation
700 Fenimore Road
Mamaroneck, New York 10543
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Ref TMC Ref TMC
Symbol Description Part Number Symbol Description Part Number
CR101 SEMICONDUCTOR IN627 C143 Same as C142
DEVICE, Diode C144 Same as C104
CR102 Same as CR101 C145 Same as C119
CR103 SEMICONDUCTOR IN39A C146 Same as C106
DEVICE, Diode C147 Not Used
CR301 SEMICONDUCTOR 1N2484 C148 Same as C106
DEVICE, Diode C149 Same as C104
CR302 Same as CR301 C150 thru Same as C106
C101 CAPACITOR, Fixed, CB21QB102K C153
mica, .001 ufd, 10 pct, C154 Same as C119
300 wvdc C155 thru Same as C106
C102 Same as C101 C182
C103 Same as C101 C183 Same as C119
C104 CAPACITOR, Fixed, CC100-16 C184 Same as C104
ceramic, .01 ufd, gmv, C185 Same as C119
500 wvdc C186 CAPACITOR, Fixed, CC100-41
C105 Same as C104 ceramic, .01 ufd
C106 CAPACITOR, Fixed, CC100-29 C187 Same as C142
ceramic, 1000 uufd, C301 CAPACITOR, Fixed, CC100-317
gmy, 500 wvdc ceramic, 1. ufd
C107 thru Same as C101 C302 CAPACITOR, Fixed, CN112A-105-
C109 1 ufd M2
C110 Same as C104 C303 CAPACITOR, Fixed, CE105-150-75
Cl11 Same as C101 electrolytic, 150 ufd,
C112 Same as C104 75 wvdc
C113 Same as C101 C304 CAPACITOR, Fixed, CN114R47-5J
Cl14 Same as C101 metalized, .47 ufd,
C115 Same as C104 50 wvdc
C116 Same as C101 C305 thru Same as C301
C117 Same as C101 C308
C118 Same as C104 DS101 LAMP, Incandescent B1110-7
C119 CAPACITOR, Fixed, CC100-28 DS102 Same as DS101
ceramic, .1 ufd, F101 FUSE, Cartridge, FU102-.50
+8-20 pct, 100 wvdc 230 vac, 1/2 amp
C120 Same as C104 F101 FUSE, Cartridge, FU102-1.0
C121 thru Same as C119 115 vac, 1 amp
c123 F102 Same as F101
C124 Same as C104 FL101 FILTER FX287
C125 Same as C104 J101 thru CONNECTOR, Recep- JJ319A150FE
C126 Same as C101 J115 tacle, female
C127 Same as C119 J116 CONNECTOR, Recep- MS3102A16S5P
C128 CAPACITOR, Fixed, CC100-30 tacle, male
ceramic, 100 pfd J117 JACK, Telephone JJ034
C129 thru | Same as C119 J118 JACK, Telephone JJo3s3
C131 J120 thru CONNECTOR, Recep- UG625/U
C132 CAPACITOR, Fixed, CC100-33 J125 tacle, rf, female
ceramic, .2 ufd, J301 CONNECTOR, Recep- JJ242-5P
. 25 wvdc tacle, male
C133 Same as C104 J302 CONNECTOR, Recep- JJ211
C134 CAPACITOR, Fixed, CN114-1RO-5J tacle, rf
mtlz, 1 ufd, 5 pct, J303 CONNECTOR, Recep- JJ319-6DPE
50 wvdc tacle, female
C135 Same as C119 J304 Same as J303
C136 Same as C119 J305 Same as J302
C137 Same as C104 J306 CONNECTOR, Recep- JJ242-58
C138 Same as C106 tacle, female
C139 Same as C106 K101 RELAY, Keying RL156-1
C140 Same as C106 Iﬁig% thru ICZ%ILE R.f,logyixed, CL1240-120
Cl41 Same as C119 uh, +21U7%
: L104 thru OIL, Rf, fixed CL275-121
C142 CAPACITOR, Fixed, CC100-47 106 o oh, 0 CSolded
ceramic, dual, 2 x .01 L107 thru | Same as L101
ufd, gmv, 1000 wvdc L1109
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Ref TMC Ref TMC
Symbol Description Part Number Symbol Description Part Number
L110 Same as L104 R115 RESISTOR, Fixed, RCO7TGF473J
L111 thru Same as L101 composition, 47K
L114 ohms, 5 pct, 1/4 watt
L115 Same as L104 R116 Same as R115
L116 Same as L101 R117 Same as R111
L117 Same as L101 R118 Same as R111
L119 thru | Same as L104 R119 RESISTOR, Fixed, RCO7GF222J
Li21 composition, 2200
L125 Same as L104 ohms, 5 pect, 1/4 watt
L126 Same as L104 R120 RESISTOR, Fixed, RCOTGF622J
Li27 Not Used composition, 6200
1128 Same as L104 ohms, 5 pct, 1/4 watt
L129 COIL, Rf, fixed CL275-8R2 R121 RESISTOR, Fixed, RCOTGF563J
L130 thru Same as L104 composition, 56K
L136 ohms, 5 pct, 1/4 watt
L301 COIL, Rf, fixed CL275-121 R122 RESISTOR, Fixed, RCOTGF273J
M101 METER MR191-9 composition, 27K
P301 CONNECTOR, Plug, PL225-8S ohms, 5 pct
female R123 RESISTOR, Fixed, RCO7GF152Jd
P302 CONNECTOR, Plug, PL204 composition, 1500
female ohms, 5 pct, 1/4 watt
P303 Not Used R124 RESISTOR, Fixed, RC42GF151J
P304 Not Used composition, 150
P305 Same as P302 ohms, 5 pct, 2 watt
P306 CONNECTOR, Recep- PL225-8P R125 Same as R124
tacle, male R126 RESISTOR, Fixed 5.6K | RCOTGF562J
Q301 TRANSISTOR, Silicon, 2N1488 R127 RESISTOR, Fixed, RC20GF222J
npn composition, 2200
Q302 Same as Q301 ohms, 5 pct
Q303 Same as Q301 R128 RESISTOR, Fixed, RC20GF102J
R101 RESISTOR, Variable, RV106UX8B composition, 1K ohms,
composition, 1K ohms, 102A 5 pct
10 pct, 1/2 watt RI129 RESISTOR, Fixed, RCOTGF101J
R102A, B RESISTOR, Variable, RV108-2 composition, 100 ohms,
dual, composition, 5 pct, 1/4 watt
front 1K ohms, rear R130 RESISTOR, Fixed, RCO7TGF820J
10K ohms, 10 pct, composition, 82 ohms,
2 watt 5 pct, 1/4 watt
R103 RESISTOR, Variable, RV4NAYSD R131 RESISTOR, Fixed, RCO07GF680J
composition, 100 ohms, | 101A composition, 68 ohms,
10 pet, 1/2 watt 5 pct, 1/4 watt
R104 RESISTOR, Variable, RV110-1 R132 thru Mounted on resistor
composition, 500K R160 board assembly TB101
ohms, 10 pct R161 thru Mounted on resistor
R105 Same as R104 R192 board assembly TB102
R106 RESISTOR, Variable, RV106UX8B R193 RESISTOR, Fixed, RCO7GF822J
composition, 10K ohms, | 103A composition, 8200
10 pct, 1/2 watt ohms, 5 pct, 1/4 watt
R107 Same as R106 R194 Same as R121
R108 thru | RESISTOR, Fixed, RW126-4-1RO| | R301 RESISTOR, Fixed, RC20GF470J
R110 wirewound, 1 ohm, composition, 47,
5 pct, .66 watts 5 pct, 1/2 watt
R111 RESISTOR, Fixed, RC07GF102J R302 RESISTOR, Fixed, RW107-10
composition, 1K ohms, wirewound, 15,
5 pct, 1/4 watt 10 pct, 5 watt
R112 Same as R111 S101 Not Used
R113 RESISTOR, Fixed, RCO7TGF221J S102 SWITCH, Rotary, SwW443
composition, 220 100 Hz selector
ohms, 5 pct, 1/4 watt S103 SWITCH, Rotary, SW443
R114 RESISTOR, Fixed, RCOTGF304J 1 kHz selector
composition, 300K S104 SWITCH, Rotary, SwW443
ohms, 5 pct, 1/4 watt 10 kHz selector
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Ref TMC Ref TMC
Symbol Description Part Number Symbol Description Part Number
S105 SWITCH, Rotary, SwW441 7105 CIRCUIT CARD AS- A-4475
100 kHz selector SEMBLY, Dual Mixer-
S106 SWITCH, Rotary, SwW440 Divider
1 MHz selector 7106 CIRCUIT CARD AS- A-4479
S107 SWITCH, Rotary, SW442 SEMBLY, Mixer-Final
10 MHz selector 7107 CIRCUIT CARD AS- A-4524
S108 SWITCH, Toggle, spdt, | ST103-11-62 SEMBLY, Sideband
internal-external STD Generator
selector 7108 CIRCUIT CARD AS- A-4525
S109 Same as S108, sense SEMBLY, Frequency
selector Shift Generator
S110 SWITCH, Rotary, shift | SW447 Z109 CIRCUIT CARD AS- A-4526
selector SEMBLY, Carrier
S111 SWITCH, Rotary, FS SW446 Generator
loop selector Z110 CIRCUIT CARD AS- A-4478
S112 SWITCH, Toggle, spdt, | ST22N SEMBLY, Step Genera-
standby-on selector tor A
5113 Same as S112 Z111 CIRCUIT CARD AS- A-4504
S114 SWITCH, Rotary, mode | SW244 SEMBLY, Step Genera-
selector tor B
S115 SWITCH, Rotary, meter| SW445 7112 CIRCUIT CARD AS- A-4505
selector SEMBLY, Translator
TB101 RESISTOR BOARD AS- A4592 Z113 CIRCUIT CARD AS- A-4506
SEMBLY SEMBLY, Step Genera-
TB102 RESISTOR BOARD AS- | A4593 tor C
SEMBLY Z114 CIRCUIT CARD AS- A-45017
TB103 thru| TERMINAL BOARD, TM100-6 SEMBLY, Bandpass
TB105 Barrier strip Output Filter (option 1)
T301 TRANSFORMER, Power| TF0352 Z114 CIRCUIT CARD AS- A-4654
XDS101 LIGHT, Indicator, TS153-5 SEMBLY, Lowpass
white lens Output Filter (option 2)
XDS102 LIGHT, Indicator, TS153-1 7115 CIRCUIT CARD AS- A-4502
red lens SEMBLY, RF Output
XF101 FUSE HOLDER FH104-3 Z116 thru Not Used
XF102 Same as XF101 7118
XK101 SOCKET, Relay TS171-1 Z119 CIRCUIT CARD AS- A-4751
XZ301 SOCKET, Electron tube,| TS100-3 SEMBLY, Switched
8 pin Filter
XZ302 Same as XZ301 7301 1 MHz STANDARD NF116
Z101 CIRCUIT CARD AS- A-4480 ASSEMBLY
gEMBLtY, Spectrum 7302 OVENIZED OSCILLA- A0121
n 0
2102 CIRCUIT CARD AS- | A-4500 2303 PRSI S B
SEMBLY, Comb Fil- D 513
ter A SEMBLY, PWR
7103 CIRCUIT CARD AS- A-4501 Board B
tSEN]IBBLY, Comb Fil- Z304 CIRCUIT CARD AS- A-4512
7104 CIRCUIT CARD AS- A-448T SEMBLY, PWR
SEMBLY, Single Board A
Mixer-Divider 7305 HEATSINK ASSEMBLY | BMA173
6-4 003712033



MMONHBMOO

6, 0o LN L0
2= szxzz .Eﬂhwﬁwg wﬁ:,sg i[exsa0 ‘I-4 0.H5.w.rm sols Mvo.wmno_m wu % Nnx‘woo_a ol 2o1s ww M_m zu_ﬂuwﬂ.ax
¥O4 IVIIdAL 0\\ ,/n EEIREIFQLLL] W\n\ ,Q/m
S v
85015 014 r - — ﬂ cr T
T 17 17 Tt T SEPARIR AN ::S.: 1
13IHS  —afpem d d 1 ) 9% 1v ¥ 1S 9¢ s¢ ov svl os Y .
i uwkm oﬁ u__ oJ__ A mw_ AﬂW _ J 56 c_m ”
601

an wn vs s | 0§ ey 9y | vy o
! | Ve . " x vt
| |

| 9l ¢ 9 |2

1S sy . n%_Ln _nm;%_ﬂbo
_oo _oo 100 100 100 100’ 100° < T A ; ! C6SHY
Sﬁ /»\mw_ ot%\_:u /H\Nto /_\m:u

a m
—Ll9 o0
Fh —n ’ 8sn T 1t @ e £or £ @ : r_mn_ﬂw..lo I —
¥ g = RS (N i
e I - AR P ...... L o | PSS

ol ol s P
2 QIn 2700 n
+oiy ) ] T 2
) I CRE) ¥ SSIN_ % 1w — A — e — - — 21 DAl
[/ AN NN AN AARAAN A A Gh AL — AN \ﬁl. ~ ~7 nw .
_ «wo_m.«no_m _:;o.on

[ 8L¥¥V/ 10€2d
onz

P—'
b—
|, —

[ VAL O I VLV S VL VR VA |

. 1NOY 3
V»O0IS ' VEOIS ' ¥20IS g o inowd — _ vsois _, | H
y Py Y T e KKI/.P/NI/NI/\'V:\I"IIF/\V\[/I\I/@DZN/WP/_D O3 HYIN TVOIdAL _ | vV¥OIS . r _r ﬁ _ r T “ ﬁ M a da
G =
ot - — — —=Y=- =YY= -Y-Y- mm._d | II- || - - I l/hl\ Y core 00— .__ wa_ _w @m i€ 21 4 22z 2g 'u o~ ol
e ot i sory T | e — _ _ _ £’ ou n~ _ n_ )
ol von s01—4 . L. | ' i e xx..v £
nwwz. ¢t — LY 0 L e oﬁ_ < s
|29 L1yt _oo 100" 10189 s¢) — [ $
o 8¢I0 9019 . o
[1]] | —9¢1 98— < @ ~ R~ @ uanv«
... o " & e =
—v ~ = 100" 18— = O 1] 1 .
e ¢ F ! b Y»H vt 88— H\.M%u i mw‘m__ ! ¢ K wa_o_ mo o - i
- _wildy| | = 4 1NOBd 26 5 By S¥ oo 0 s 8§
=3 - T o 1 \ —— 65 H L8 LNOH 4
- 59 £ A $219 w _.‘ . | veols L)l 1 iveos ) J
AN AT A TT AT T . TAATA
e ord S A l~ & 4 n_T N A .W/ » il mowﬁ ) ) W sl w T AN ISN3S \ R
n PR O DY ] VRSN, | N Ji.APH. . S L N3 N R ) . 4, . tq &
TN TN TR A 7 |
_I\/|\ﬂ|\/ YOS¥PY/22€2d = _ S2SPV/BELDd | - + - ps 28 3 corr - —L_ _ |}|
_ oL o ave I 221 vya 1 o 9 ¢ B ¥ w's %l
: 109 ) Tw\_luxlxxxl/mxld YIS -y — voir \— f— — — — IEG S YA e S \4|\A|)|\4V/\A|\4)|_
q 8oIr ( —T- 14\1 S 2 3y | 1059 v/ $0¢2d |
- o Ll ) — z ) _|4/|\/|||| JAI.ll\/lJ
; 301 . ¢ P L8v¥v/ 958 0d
= | v012 _
e NNV NN NG
Ll o 1 M 3K i ﬂ_ N
Dl - £ voirord Y- Y =Y —=2— = h | == =
1 A4 22 10" ~+ » AW~ .Fwo. 0zl =3
o1 I ez TI_%WIT)? T 20 €27
. ] 1 HA_VM__ soir b——l——— —]~ & I U iy b
- 8 wd 2 s W e € v g fviy =
e i € 9 [TARTAT TN RN T OATN T T - _
| $0SPV/€2C0d M=\ - 925 +V/6£€0d _ )8 = _
I 2Nz vt_ w»h.uwm 01 8 jL_ € _ o ™ </,.w\o_~ o~ < « - soir |- AK =2
Ry e e — — sl 1010 THTO o ORI N AN 1 H 100 _ O s¥ M W o3 Yoo w/
gy 28y | v Y Y L CNYY._NY_ ¥ s v91d r AT TINTINT AN AR X
anr TJ.I 0 Gk £ s gy — ——-L Tk lk HA ﬁ.l. T eorr .L | SL¥YV/00€0d |
N 7] o L : $01Z
T A T 00__.. i 3 = i N rl/\ll —_———— — e N\ I/\|/\|/\||M\|E
Pw_,lv ¢ I co_u ] 1 0 F ¢ Y 85 ¥E |
o 1vi— T e6v1d ol anQn = — == = Y-
$€19 0z¢ g 6¢1 ' = =
€8t 9, - mm . . mm . ) ) T JPWT o
U < o < . . 1'0
- A COOV - s VO P o : b L 3
i B T S Vs R 5
- foad ) - T
) BE T ot €0 r
1°0 [ z O__
2 o} Q, o = =
8€12 ! holk] 2
—N_ yv3Iy b - cc ~ 4 vy : i |__ _
dyay [ asis 90ir |—— — J (S (s 0/d 4 A A
| vens 1 NOY3 T _I\..._/'.l e e A - 3 7~ A R R — A AA AT
L— — L= as1Is \ 1 nows w0 | 6LvpV/20€0d | 283 | osveys Eax < |
8%1) 4
_ - DHHW;. $ _%h vens T _.I v o ] S S TV VIV IRV VEVEVEAVIVIVE VIVIVIVEVIR
Lo |w_ RN o2 82 RO
! | 6 O YUY YN VY Y Y YLY YT Y
HISNI A _wa v Sle0iy | ¥ @ M 101N 90i1F 0/d |——=—fF— — — | YYOY- Y 11~
L 100 ——O~ Sead ol . 3
Frrtavioy 2y no u-b,t 1913 PRELIT, Liicd w -
3! = 2 00 P O = 100" = = .
. HlHl \Z Om - N = A 1§ 2! /.H.\.n_uu..\ ‘_nlw b= ¢ q> T -
e R 01 S = ) x 100° o |
1_ %__M Forol LT Ty Hi Fes - ik i o
vzoiu O© @, - 435
| . . 100 . 912
esi 5% 6o 8510 o AR 0 o b 24 B4 e & e nwvboa_w
6% Y aw 28 o  1JOmd 62 8L < Zvl 9L St v 9014 ¥y | _ ; ) L | |
qar X L ] JJ s , 5 J 1 1 ] 1] () _
2 133MS - F f r — g Vi w]
oL {p11s) 300N (gns) H3LINW
Xvi— OO —NV 4y — Ul_o
ws3—" —asn uavo—" N—z0
mo— | \-gs1 gsn | \-¢o
as1 8s1

L NOILLOJS



6 0 6 o

N Va N s
8~ ~! zuwoorw o1 8~ -! THOO!
SOIS 8 ¥OIS' €0IS — - 2Z01s -~
w03 wordal L, Y 7% waimaiiinm ¢ NCEEE [RETFRLL
L AR 97 \ , ¢
S v
85015 0L =

!

f (A ( A nn_ 4m< 47 nL mL _waon d AM!

13 ov svl o¢ [14 8

|
Al A vmﬁ Hihit
S VF o8 S50y

M i

, ,

_ .
Lo __w_w Lo e L0
pa— - — — L01r

0/4d

ch_vo OIOQ
?@4_“ e
N__ 1

_a__m s 2
_ v90IS'VS0IS M¥ 00! ] .
o N — VOIS ' VEOIS' V2018 v1 & Inous 82 %2 ©
N Y — Y EEE Y .\I__ ¥04 BVIY TV IdAL _ | vsos _ _ — ﬂ ﬂ
— —Y-1 -] corr b—o00) f I T 1
ﬁ\/ ool 21 21 22 L2 2¢ ~ 'N _ _ '_ \ °~.
H — ye— _ _ _ _n m~ sz ¢ _ n_ LU ¢
N _ — H
WON_wzu lmv_u WM j e N LYy &) o XWHV _Hx mul -~ ‘T
sl s Aw\ AH! %
98— 6
01— M Nmn: |
A = ST o0 ol Rl
- as— L0 T d o ! No:: : )
= ] €10 v gv | '] 1m01 _—
p €8 8C | LNOM4 €5 8§
J— B S D e || | Vzos )
AN
YORMEARARA R ISN3S

98y

s va 1 o4 9NN
P N A ﬁll I/ TR TN XARANANA _
- | R N W N | 105 ¥ ¥/ $0€d

A —— A = ~ |

oros O EY rn e Vs

K
;
)
K
|
K
<
k
L
7
oy
B
|
|
):——0-{"
35
|
)i_f
I
;_J
|

T ,mw_u‘_ 2 Q ] _ 7
szl 0°
r._ N T7 w0 €20
A A kA AN A iy -
2 s W 9 € v @ fvi¥ P :
AT T N R A A <
; . Tt b _
925 bv/65€0d | —
6012 £ |
EVAVANVAVAVEVIV R SRRV R VI ) goIt L ATAA A= KK AN
% i3 d g8 | 100 TN WA Yahh %

| SL¥¥V/00€2d
L so1z |

< & 3 ¥ /.._.-\

ol el B Y-~ — §—= — y9I3 — TATATTATAT ATATTIANA

. L 1 # soir ) T r T TN X
3 3 ~C

= e I/\)/\I/\l/\I/D
- 3 [d RIS

T svd soirod Y. Y. YYYYD
) T .IPVT
. I oo g ozl
O\wo 100 100" 10 9211
6212 xaa—4

NON
ELA

ino
LA

.‘
o1 - )
001 wvay = =
2l vsis 1 (3¢ # oL ot
o | o ) S S s B 0 52
Q OEORCEROEE ¥ 4 N i o 3 aveav
= AT T T AT AT A T T [~ AT TATAT AT T ATACAATATAT)
iNowy 100" T | 6.b¥V¥/20€2d 08PPY/ £8€d
L vsis T L 9017 | 283 | 1012 |
- — — |w_rwﬂ|u - L BN IVVIVIEVIEVAVEVEVIVIVIEVIVAVE VAV
Scsl 2t W8 94 ¢ LDz |
90Ir 0/d Illﬁ|||«. O N YOY OYY M |||| H YYY S
* sll R @ arme d
!
_n_u 7 e “1 w23 \_Hm__w
| mn_o 8610 0L | i | w_wwu
%01 v9 69
2vl 9, SL v sty 4o €L 21 9 _ 8 09 o5 5 22 €9 49 99 dw 99 3; ;
— ) J ) {JJ | J i L) )
, \
| (siis) CEFEL]
y— Ullo
uavo—" N—20
asn | \co
8s1




(querq ¥-2)/€-L €€02L LE00

(g 30 Z 1994S)
- (XN ‘weadelq SuldiMm [[8I9A0 TI-L 8an3ig

(ons»
PEILES

N

sev3” ,  ry
oLy S8B83%

[ 1SLyvY 6112 18%-2d o
1 7 7 IS [ T ' i
1
.8 ﬁ ﬁ $01 ﬁ ﬁ ﬁ H 9L {1 = - _ 1092x
i) i4d €ol ¥8 ol oy e e s !
68 88 9 12! ve s6 96 06 16 86 66 go1 | oz 101 98 06 i _ | §roser feoser §oosn
801 1Nd1n0 3y
_r 201 ! o0e
= €0y
_nllv. t o [ (S (o) mb t E mlu
100 ° 100 [\ioo [CToo: 00 [Coo 1500 (Koo
o
911d 60i2 {8012 ¢ L012 9210 €01 Q 20129 1012 129N
o ozi oz1 3oz 3ozl ozl 3021 3021 302 z014D
_ s _ e 11Tk B 6017 38017 3.011 #2117 2€017 32017 31011 uwv""h
T T T T T
—o_ u 9 s # n; [2n o s ) 1] [9swv ¢ 2 1]
solel vol 8L - €018l
_L.MMW x(ul._ rx«uy —l\rxww_.l_ —gs |_ _n._.._.L J — GmDII_
anm € .m y ] AR
- s NAT T AT T TATA TAATAANAATATATAY
¢ W b :o:. /7 | - 2 _ 20s¥V/90¢ 2d |
100
) 0% A3 | ASSV ANIS LV3IH _ LINOY3 | fT‘f
s0€z N gsols ,
L N -
o T EET — e,
N 7 r 3 4N % H 1499
8 0812 § 8
mIW S R 0 O |w ey O v
(ms) Iwom_. M /ﬁ M #\ o\ Wum T _ @ oo,lo . o
- - — | I |
d001 sS4 j 0! :Mm.w— _ nﬁv\ “ o1 2L
621D o
211 I 2 00
_ , i 2
- ~— AO0O! ! | | VSOl ‘ »zo:m
N —_— e i |
.—zw_u 9~/ | \-Aos _l Tezi>y | ! — 2% aso
VU oz i EISPV/0£E2d
£0€2 |
| |
'
! |
) ..J
— — — — + =
r BZEIND
' _ 2I1SPV/6289d _
| | v0E2Z -
= N e Y Y — Y e Y
¥€1 01 €21 ‘611'L01 ‘€6 0L 16 ‘68 1 2] T —— |_ " % =
! 1NONJ L - I
ONISSIN Al | 29018 ( i \ =
"ON_1noXv3ud 38iM ' o€ o
] zzir $0I2
QLS Lx3 10°
SIIHIHOMIIN NI 3¥V SINTVA JINVLINANI TIVE o
SAVYVAOUIIN NI 3V SHOLIIVAYD 11V2
SWHO NI J¥V SHOLSISIY 1TV I |
031312345 ISIMYINLO SSIINN ' | go—
280 =l =
Q3ZIN3AO 4 .
¢ id 00!
[113 ; eoez L 8212
' fi s —|
vo£'£0td 905d [ehond n_:.HI-Ill ||.w/|1||..l A= - |\ﬁ
. \0E AZ Ave i r N % ¥ S d 8l 6 ) v'e e
»0€ ‘cosr sosr 3 . \ .. N P, S, G, ., . QU S N G Y
oer o <[ === B 2R i P T zuwo M NTANATN \/wM/ntq\&nom NN N \/|“
ST0ENAS SNISSIN SI0OMAS 15V 3 =3 N | LNOud | €Nz
togd Y. _ EY--1= RIS
$3143S 00¢€ s pu .WR 9 | 9 v90IS RN SRV ANV EVEVIVEVEVEVEVIV
AN AOF + ild o ot S L
< 8 I3 U 3 ¥ € W 1 Q €1 1 ol 2
A8ANVLS €IS L., ARG cur )
£013 © @ o > JPI|HI IHI — I@IHIWIMI n...H T
014 = =
6112 10150 Ooi o {
s018. AN A pTH o ° iJmL.
) 101s SIS J — — oo %22 2
£OI'18I'GLr691°E91'SS I 61N velu NO | iedLs - L] @ Loy €8
101N & — 1
1211 ze J Z] = =
sair |
2014 = zoisa NO |
20088 T ) ¥3110x3
i9id 9812 1 H3IMOd AN A )+ - - - *
S108MAS SNISSIN ST08WAS 1SV INC A 2+ i T szir  wair ®
S3183S 001 9L gy F 08w 0L €9 mﬁ, 8 8909, 22 8z s9 9 Si1 w1l YR TR _
L -t | St \ _J | | L | I
-
6 0
L01s @ 9015 8~ -1 ZHNOI B |

¥04 IVIIdAL g T2 ¥3ndunw
97\ V¢
S ¢



(ons)
L3IHS

A

sev3” ;| W%

oLl+ SB%
T I -
T 1 ﬂ T
vl w8 onl 4, Y01 90i
" 601
80! _
. v Iy
3s0is LNO¥4
. 2 39018 A
L29N| L n
2oi¥d o ¢§loo g [ M %\Mc 82 x4
W o) 6 L/ €
@ @ O
< D [ 5
w0l
z oo u | 2 on
o2 _ 2
FETLE 1NOYS
! 2901s
zaIr
a1six3
‘g
2N
-89 _
&1 T
_ > 4d 001!
1) 8219
fi %% l
i o o O . W
N ¥ S d 6l 6 [] v ¢ e
[ATATATAATAAAT TAT TATAT TATAN
| 90SHV/¥2£0d _
€z
L1d l— v~ I(I.(I(I/\I EVAVEVEVEVA
SIS ) cir & M 7 a £ 11 o2
t @ Ml . F
4
— — w22 '
. q L2 $613
NO puliye
¥3ILIOX3
INIYV AT v — —
I
gzt p2ir 11
08 . 0L 69 6L '8 1] 9 SIt w1 : sL
— L L N | [ | | f
}:.uuxu
m/ 7/
L01s @ 901s 8~ -1 THNOI § |
HO4 TVOldAL L ~e ¥3NdILINW
971\ Ve
s ¢

1 133KS
ol




weadelq Sulaim Addng aemod

"g-L @andig

voed‘eosd

L0€D

S0€Z
10€1
20¢ey
€0¢€0
90€d
10€1
soer
20€¥0
60£2

ST108WNAS 9NISSIN

ST08NAS LSV

(,8, Qyvog 2d)
AddNS ¥3IMOd

162140
‘OMQ ‘434

€0€zZ
/\/\/\/\/\ A VAL VAL VA VA V4
2 9 |

€OLZ'SWHIL OL —~--03¥HVW Qv3aav ‘b OLE 8

(

“Ww
|hHw >0n .YHHJ

20£92 T momu |
|H| 80€9

vOns om

v, 04v08 Od)

A Jn y.\ LYY YYY - — | Kidans wamod
€OEr =
J 4\ T T|+A A 82SI%0

‘oMa 43y
voezZ

AOS
ALYy

_

]

20L | ‘'SWY3L NOY S % QINUVN
SAVI) JAON3Y 'H3dO AOE2 MO ppgee
‘1OEL HO34 NMOHS NOILVH3dO AGII (3LON

._.Dng S/ |

i gl

r 20€d

oy

v0O£0
1

HY0S
_logl

|h 47

T v

€
2

o

4 )
050 o0

ay <oz<km S/9W

"A,SSV ¥NIS LV3H

OSO NI AZI+

LNdNIJV
110

7-5/(7-6 blank)

003712033



