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L THE TECHNICAL MATERIEL CORPORATION

.Y

COMMUNICATIONS ENGINZETERSTS

700 FENIMORE ROAD MAMARONECK. N. Y.

Warranty

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
materiais) 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 claim 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 to design or use
whether by replacement parts not supplied or approved by TMC, or otherwise.

:L\

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 qr 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
cquipment shall be returned to TMC, unless a return authorization is issued by TMC.

No warranties, express or tmplied, 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 TMC 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 scparately 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:

1. 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
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CHANGE NO._2 AFC-2A/3 (Sheet 1 of 2)

INSTRUCTION BOOK CHANGE NOTICE

Date June 23, 1964

Manual affected: Automatic Frequency Control Models IN -4003B

AFC-2A and AFC-3

Incorporated |
in manual

2. Page 1-2. Table 1-1,
Change entry for Input Power to read:
INPUT POWER 6.3 VAC, 115/230 VAC,

-105 vDC (regulated), and
+200 VDC (regulated)

3. Page 4-4, Figure 4-3,

Add capacitor 5120 as follows: (EMN 10313)

3

l_ 200

TS003 CS5/20
i~
‘ -

4. Page 4-5, Figure 4-4. (EMN 11050)
a. Change value of Y5000 from 1.25 mc to 1.250130 mc.
b. Change value of L5009 from 820 uh to 390 uh.

5. Page 4-7, Figure 4-5,
Change value of C5063 to: (EMN 11638)

S5 uuf for AFC-2A

3 uuf for AFC-3

SHOULD ADDITIONAL COPIES OF THIS CHANGE NOTICE BE REQUIRED, PLEASE CONTACT
THE TECHNICAL MATERIEL CORP., 700 Fenimore Road, Mamaroneck, New York

Attn.: Director of Eng. Services.
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CHANGE NO._2 AFCc-24/3 (Sheet 2 of 2)

INSTRUCTION BOOK CHANGE NOTICE

Date June 23, 1964

Manual affected: _ Automatic Frequency Control Models IN ~4003B
AFC-2A and AFC-3 (cont)

6. Page 7-3. Parts List.

a. Change description and TMC part number for
C5036 as follows: (EMN 10042)

C5036 CAPACITOR, FIXED, CERAMIC CC-100-37
DIELECTRIC: 0.1 uf;
+80-20%; 300 vdcw.

b. Change C5019 to C5120 and complete entry for

C5120 as follows: (EMN 10313)
SYM DESCRIPTION TMC PART NO.
C5120 CAPACITOR, FIXED, ELEC- CE-105-200-15

TROLYTIC: 200 uf;
-10 + 150%; 15 vdcw

7. Page 7-8. Parts List.

Change description and TMC part number for L5009 as
follows: (EMN 11050)

L5009 COIL, RADIO FREQUENCY: FIXED; CL-275-391
390 uh, +5%; 6.2 ohms dc
resistance; 240 ma current
rating; molded case. (Supplied
with A5001)

8. Page 7-14. Parts List. (EMN 11638)

Change value of R5109 from 10 ohms to 33 ohms; change
part number of R5109 from RC20GF100K to RC20GF330K

9. Page 7-16. Parts List. (EMN 11050)

Change frequency of Y5000 from 1.25 me to 1,250130 mc,

SHOULD ADDITIONAL COPIES OF THIS CHANGE NOTICE BE REQUIRED, PLEASE CONTACT:

THE TECHNICAL MATERIEL CORP., 700 Fenimore Road, Mamaroneck, New York

Attn - Dirartar of Ena. Services.
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SECTION 1

GENERAL DESCRIPTION

1-1. PHYSICAL DESCRIPTION,

Automatic Frequency Control Models AFC-2A and
AFC-3 are identical in appearance and are shown in
figure 1-1. The AFC unit is mounted on a standard
width 10 inch panel for installation into an equipmeni
rack. Physicaldimensions are givenin paragraph 1-3.
For easy accessibility to maintenance parts, dust
covers, equipped with Dzus fasteners, are provided
for the top and bottom of the unit, All switches, con-
trols, meters, and indicators necessary for operation
of the AFC unit are mounted on the front panel. All
electrical connections are made at the rear of the
unit,

1-2, FUNCTIONAL DESCRIPTION,

The AFC unit is usedin thei-f sectionof areceiver
system to compensate for a combined frequency drift
in the receiver and distant transmitter, Figure 1-2
illustrates the function of the AFC unit in relation to
the receiver converter and the receiver product de-
tector, The AFC functions to maintain the audio output
error from the receiver product detector to within 1
cycle during a carrier frequency drift of up to +1 ke,
The AFC contains two oscillators generating two out-
puts: the 250-kc product detector oscillator output to
the receiver product detector and the converter in-
jectionoutput to the receiver converter, The converter
injectionfrequency depends upon the receiver i-f input
to the converter and is such as to produce 250 kc as
a difference frequency when mixed with the receiver
i-f, The AFC-2A and AFC -3 differ only inthis respect
and receiver i-f and converter injection frequencies
are as follows:

Converter Injection
Model Receiver i-f Frequency
AFC-2A 455 ke 705 ke
AFC-3 1,75 mc 2 mc

A sample of the 250-ke carrier and sidehands from
the receiver converter 1s fed to the AFC unit. The
250-kc carrier is compared with the 250 kc from the
product detector oscillator in a phase detector in the
AFC unit, As a result of adriftin the receiver carrier,
the phase detector changes the frequencies of the
product detector oscillator and the converter injection
oscillator. The converter injection oscillator changes
slowly tobring the output from the receiver converter
backtowards 250 kc and keeps it within the acceptance
band of the AFC carrier input filter. The product de-
tector changes immediately to match the error in the
250-kc carrier coming into the receiver product de-
tector from the receiver converter, Thus, by preserv-
ing the correct frequency relationship between the two
receiver product detector inputs, the audio output is
maintained at its correct frequency within 1 cycle.
For a more detailed description of AFC functioning
characteristics, see paragraph 4-2in section4, Theory
of Operation,

Other features of the AFC are a CARRIER LEVEL
meter, a CARRIER FADE warning light, a carrier
DRIFT meter and a drift ALARM light. A memory
circuit holds AFC outputs constant during a temporary
carrier fadein order that the carrier may be ‘‘recap-
tured’’ by the AFC upon its return, AGC is provided
to maintain a relatively constant level of carrier re-
construction over a 40-db dynamic range.

Plate, filament and bias power supplies are furn-
ished the AFC by the associated equipmentin the TMC
systems in which the AFC unit is employed,

5 |

—_— - -
[receiver |
! | auoio
RECEIVER I-F | _p| 15T LF 250KC AND SIDEBANDS PRODUCT | outpuT
I CONVERTER \ 4B DETECTOR l >
i X

OSCILLATOR OQUTPUT

——————P{ AFC
CONVERTER INJECTION

—

250 KC PRODUCT
DETECTOR
OSCILLATOR
ouTPUT

Figure 1-2, AFC Function In Receiver
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TABLE 1-1, TECHNICAL SPECIFICATIONS OF AFC-2A AND AFC-3.

CHARACTERISTICS:

Synchronizes with a 250-kc carrier suppressed down to 100 uv
minimum, with a receiver i-f (455 kc or 1,75 mc) having an error

of +3 kc maximum, Follows a maximum drift rate of +10 cps/second.
Stays synchronized over a total drift of +1000 cps in the receiver i-f,

ACCURACY:

The AFC circuit maintains accurate frequency control so that the
audio output of the associated units will have a maximum error of
1 cycle in the transmitted intelligence,

CONVERTER INJECTION
OUTPUT TUNING RANGE:

+ 3 kc electrical bandspread tuning range.

METERING:

a. AFC drift indicator
b. Carrier level indicator

DRIFT ALARM:

Drift alarm indicator lights when carrier error exceeds
approximately +750 cps.

FADE ALARM:

Fade alarm indicator lights when carrier is interrupted or fades
below approximately 100 uv. Connections for a remote indicator
are available at the rear of the unit,

AGC: AGC is derived from the carrier and is available for receiver
control when desired,
SENSITIVITY: A continuously adjustable gain control is provided for reducing

system sensitivity when excess noise is encountered,

INPUT POWER:

6.3 VAC, 115 VAC, -105 VDC (regulated), and +200 VDC (regulated).

UNCRATED DIMENSIONS:

3-1/2” hx 19’ w x 16-3/4"’ d,

CRATED DIMENSIONS:

10-1/2" h x 22-3/4” w x 31-1/4” d.

UNCRATED WEIGHT:

12 lbs,

SHIPPING WEIGHT AND VOLUME:

57 1bs. and 4.32 cu, ft.

COMPONENT AND

All equipment manufactured in accordance with JAN/MIL

CONSTRUCTION: specifications wherever practicable,
TABLE 1-2, VACUUM TUBE COMPLEMENT,
SYMBOL TYPE FUNCTION
V5000 6DC6 Carrier amplifier
V5001 6DC6 Carrier amplifier
V5002 6AH6 Carrier amplifier
V5003 6AH6 Low frequency amplifier
V5004 6AH6 Low frequency amplifier
V5005 6C4 Low frequency buffer amplifier
V5006 12ATT Oscillator
V5007 6U8BA Alarm/Relay amplifier
V5008 6U8BA Alarm/Meter amplifier
V5009 6AH6 High frequency amplifier
V5010 6AH6 High frequency amplifier
V5011 6C4 High frequency buffer amplifier
V5012 12ATT Oscillator

1-2
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SECTION 2

INSTALLATION

2-1. INITIAL INSPECTION,

Each AFC unit has been calibrated and tested at
the factory before shipment, Uponarrival at the oper-
ating site, inspect the packing case and its contents
immediately for possible damage, Unpack the equip-
ment caretully, Inspect all packing material for parts
which have been shipped as ‘loose items’’, Although
the carrier is liablefor any damage to the equipment,
Technical Materiel Corporation will assistin describ-
ing and providing for repair or replacement of dam-
aged items,

The equipment is shipped with all tubes and other
plug-in components installed, Check that all such
components are properly seated in their sockets.

2-2. MECHANICAL INSTALLATION.

4. The AFC unil is equipped with a standard 19 inch
rack panel. Approximately 15 inches of clearance from
the back of the panel to the rear of the rack is re-
quired. Refer to figure 2-1 for outline dimensions,

b. In installations in which vibration is prevalent,
or upon special order, the AFC unit is supplied with
drawer slides, Normally, for stationary conditions,
the AFC unit may be supported by thefront panel alone.
€. To install an AFC unit without slides place the
unit into a suitable housing and secure the front panel
to the housing with screws,

d. To install an AFC unit equipped with slides, pro-

ceed as follows:
(1) Set the AFC unit in position on the tracks,
NOTE

It may be necessary to hold the tracks in the
extended position while positioning the unit,

003634003B

(2) Slide the AFC unit on the tracks until the release
buttons catch,

(3) Press the release buttons and push the AFC unit
into the equipment rack until the release buttons en-
gage the holes in the unit,

(4) Secure the front panel to the equipment rack with
screws,

2-3. ELECTRICAL INSTALLATION,

Electrical installation of the AFC unit is made by
means of the four jacks, J5000 through J5003, located
on the rear of the unit. When the AFC is shipped as
part of a TMC system, mating interconnecting cables
for these jacks are included in the shipment of the
system and directions for installing the cables are
included in the system manual. When the AFC is
shipped by itself, the following mating plugs are in-
cluded for making interconnecting cables:

Mating Plug

Jack Symbol (TMC Part No.)

75000 UG-88/U
75001 PL-212-2
75002 UG-88/U
75003 UG-88/U

Reference may then be made to figure 2-2 for a guide
for connecting the AFC into a standard receiver system.

2-4, INITIAL ADJUSTMENT.

3o vmamiitead

No initial adjustment is required. Before any AFC
unit is shipped, it is aligned and thoroughly checked
against the manufacturers specifications, The AFC
unit is operable immediately upon installation. How-
ever, for more precise operation, a 24-hour warm -up
period for stabilization of the ovens is recommended,

2-1
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SECTION 3

OPERATOR’S SECTION

3-1. GENERAL.

Table 3-1 provides the functions and equivalent
control designations for operating controls shown in
figure 3-1, Table 3-2 is an operating chart to be used

. . ' K] X S 1 A - ~
in conjunciion with figure S-1 ana tablc 3-1,

3-2. CARRIER SELECTOR SWITCH.

The AFC is normally operated with the CARRIER
SELECTOR switch in OSC position. Referring to fig-
ure4-1, it is seen that, with the switch in this position,
the receiver product detector receives a corrected
250-kc injection frequency from the AFC product de-
tector oscillator. Also, in this position, the AFC re-
sponds to correct for carrier drift at the speed rated
(10 cps/second maximum); the 250-kc injection freq-

uency will be in phase with the carrier input within 1
cycle (or 360°), In cases where phase is of primary
importance, however, it may be elected to place the
CARRIER SELECTOR switch in RCC (reconstructed
carrier) position. This effectively strips the 250-kc
carrier of its sidebands, amplifies it, and feeds it
backinto the receiver nroductdetectar asthe injection
frequency.

3-3. OPERATOR’S MAINTENANCE.

The operator should keep the equipment clean, note
the general condition of panel switches, observe whether
the panel indicator lamps and meters function prop-
erly, and check the condition of the tubes, If, while the
majority of tube filaments glow, any tubefilament fails
to glow, remove the questionable tube and test it with
areliable tube tester. Reinstall tube shields after test-
ing or replacing tubes,

Figure 3-1. Panel View of AFC-2A,3, Showing Operating Controls

003634003B
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TABLE 3-1,

TABLE OF EQUIVALENT CONTROL DESIGNATIONS,

Component Reference

Serial Panel Designation on
Designation Designation Function Schematic Diagram
1 DRIFT meter Indicates total drift of receiver i-f carrier. M5001
Center scale reading is zero drift, The dial
is color coded as follows:
Color Drift (approx.)
Green 500 cps
Yellow 500 cps-1 kc
Red 1 ke +
2 ALARM light Light indicates carrier drift has exceeded 15000
approximately + 750 CPS off center.
3 SENSITIVITY Controls gain of carrier amplifier stage, R5024
control May be backed off to eliminate noise,
4 RESET Re-centers AFC oscillators when operator is S5001
required to tune to another station or re-
synchronize due to a drifted signal.
5 TUNING-KCS Tunes AFC units converter injection C5096
control oscillator to enable operator to synchronize
to the received signal,
6 CARRIER See paragraph 3-2, 55000
SELECTOR
switch
7 FADE light Light indicates deep fade of received carrier, 15001
8 LEVEL meter Indicates level of carrier, M5000
TABLE 3-2, AFC-2A,3 OPERATION CHART
STEP CONTROL OPERATION PURPOSE
1 TUNING-KCS Set to 0 position, Centers converter injection
knob (5) frequency output to receiver
converter,
2 SENSITIVITY Rotate fully clockwise. Preadjustment.
knob (3)
3 CARRIER Set to OSC position, Feeds 250 kc to receiver product
SELECTOR detector from AFC oscillator.
switch (6)

3-2
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TABLE 3-2, AFC-2A,3 OPERATION CHART. (Cont.)
STEP CONTROL OPERATION PURPOSE

4 RESET button (4) | While holding RESET button down, Disconnects correction voltage

tune receiver r-f stage for from AFC oscillators while
carrier frequency, tuning RF stage,

5 RESET button{(4), | Hold RESET button down and Adjusts converter injection
TUNING-KCS adjust TUNING-KCS knob to oscillator to compensate for
knob (5), CARRIER | obtain peak reading on CARRIER frequency error in transmitted
LEVEL meter (8) | LEVEL meter, and/or received carrier,

6 RESET button (4). | Release RESET hutton and To insure that AFC ic locked
DRIFT meter (1) observe DRIFT meter, Needle on carrier instead of sideband

will remain steady through

tone frequency variations in

signal if AFC is locked on carrier,
If this condition is not realized,
repeat step 5,

7 SENSITIVITY Rotate SENSITIVITY knob Elimination of noise.
knob (3) counterclockwise, if necessary,

to eliminate noise without losing
signal clarity,

* If there are other injection frequency sources available for the receiver product
detector and converter, it may be more convenient for the operator to switch
the AFC unit out of the circuit while tuning the r-f stage, This will eliminate
having to hold down the RESET button. When the r-f stage has been tuned, the
AFC unit may be switched back in and tuned per steps 5, 6 and 7.

& %

003634003B

In the case of tuning the r-f stage for a continuous tone signal with a suppressed
carrier, the operator should resort to monitoring by speaker sound or zero beat
if available, in order to single outthe carrier. Otherwise, in the subsequent tun-
ing of the AFC unit, the AFC may be locked on to the sideband tone frequency
instead of the carrier,

3-3
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SECTION 4

PRINCIPLES OF OPERATION

4-1, INTRODUCTION.

The following descriptions pertain to the AFC-2A
and AFC-3. Where the information pertains to both,
reference is made to AFC unit, Where the information
pertaing to the AFC-2A or the AKC-Z only, itis so
referenced. To supplement the individual schematic
diagrams accompanying each description, reference
should be made to the overall schematic diagram fig-
ure 8-1.

4-2, GENERAL.

Figure 4-1 shows the functional block diagram of
the AFC and the IF and product detector sections of
the associated receiver, The function of the AFC unit
is to prevent the 250 kc IF carrier frequency from
changing the a-f output from the receiver product de-
tector as a resuit of frequency drift in the receiver
converter input. Ordinarily without AFC, a change in
frequency in the converter input would appear in the
converter 250 k¢ carrier and sideband output, A con-
sequent comparison in the product detector with an
injection frequency of exactly 250 k¢ would produce a
distorted a-f output since the sidebands have shifted
in the same amount as the carrier, With AFC, and
with CARRIER SELECTOR switch in OSC position, the
converter injection frequency from J5003 is changed
in such a way as to keep the 250 kc output from the
converter within the acceptance band of the carrier
filter from relatively large changes (z1 kc max.) in
converter input, In addition, the AFC keeps the 250 kc
from J5002 to the product detector at exactly the same
frequency as the 250 kc coming from the receiver IF
amplifier. As a resultthe a-f issuing from the product
detector is stable to within #1 cycle, In summation,
when the AFC is switched into the receiver circuit,
C5096 front panel TUNING control is adjusted until
the 250 kc issuing from the recelver converter falls
within the 250-kc carrier filter acceptance range set
by the Z5000 narrow bandpass filter. This is indicated
by amaximum readingon the CARRIER LEVEL meter
and zerocenter scalereading on the DRIFT meter and
represents a ““capture’’ of the 250 ke issuing from the
receiver amplifier, Since C5096 may be adjusted to
change the converter injection oscillator by +3 ke, the
receiver converter input may be off by 3 kc and still
be captured. Any consequent drift in the recelver con-
verter input frequency will be reflected by a change in
the converter 250 ke output and create a phase differ-
ence in T5003 phase detector. The dc sent to the two
oscillators first acts on the fast loop and causes the
output at J5002 to immediately change to match the

error appearing at the receiver product detector input
from the receiver i-f amplifier. After a delay, caused
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by the time constant network, the slow loop goes into
action to change the output at J5003 in such a way as
to bring the receiver converter output back towards
250 kec. The timing is calculated to keep the receiver
i-f frequency within the acceptance band of the carrier
filter as long as the rate of change appearing at the
receiver converter input doee not exceed 10 cps /second
and the total drift at that point does not exceed 1 kc,
When either of these limits has been exceeded, the
AFC loses control of the receiver i-f. With CARRIER
SELECTOR switch in RCC (reconstructed carrier)
position (see paragraph 3-2) the incoming carrieris
amplified and sent directly toreceiver product detect-
or, with the result that some of the frequency control
is lost but the two product detector inputs are in phase.
Upon carrier fade below a certain level, the relay
amplifier energizes the fade relay which acts to light
the fade indicator and disconnect the phase detector
d-c output from the oscillators. As this happens, the
long time constant network acts as amemory network
and stores the d-c¢ voltage appearing from the phase
detector at the time of fade. This voltage holds the
converter injection oscillator at the frequency at the
time of fade, When the carrier re-appears, the fade
relay is de-energized and the frequency control takes
over againas before, Usually the carrier has not wan-
dered much from the frequency at thetime of fade and
it remains captured under AFC control without retun-
ing the AFC unit, The phase detector also sends the
representative d-c error voltage to the DRIFT meter
The meter is calibrated to represent the total freq-
uency drift appearing at the receiver converter input,
When the total drift has exceeded approximately 750
cps, the drift ALARM indicator lights.

a, CARRIER AMPLIFIER. The 250 kc carrier IF
enters the carrier amplifier from a low impedance
line, and is coupled through a narrow bundpasscrys-
tal filter that eliminates the sideband information. The
carrier is then amplified by a three-stage, AGC-con-
trolled amplifier, The gain of the carrier amplifier is
varied by means of the front panel SENSITIVITY con-
trol, The output of the carrier amplifier is used as
the injection to the receiver product detector. It is
monitored on the front panel by the LEVEL meter.

b. PHASE DETECTOR. The phase detector is sup-
plied with the 250 kc carrier IF and the 250 kc output
of the product detector oscillator, The DC output volt-
age controls the frequencies of thetwo oscillators and
providesthe informationnecessary to monitor carrier
ariie,

c. PRODUCT DETECTOR OSCILLATOR. The 250 kc
output of the product detector oscillator is obtained
by heterodyning two individual oscillators, one fixed
at 1,25 mc and the other operating with a center freq-
uency of 1.5 me. The 1.5 mc oscillator is reactance-
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modulated by the DC control voltage, and responds to
rapid changes in voltage, The combination of the two
oscillators produce a 250 ke signal which will follow
rapid changes in any phase difference between itself
and the 250 kc carrier IF, The entire circuitry of the
product detector oscillator is contained withina temp-
erature-stable oven toassure basic frequency stability,

7. CONVERTERINJECTION OSCILLATOR. The con-
verter injection frequency is determined by the part-
icular receiver used with the AFC unit, as thecon-
verter injection frequency must combine with the con-
verter input frequency to produce the 250 kc carrier
and sidebands to the receiver i-f amplifier. The con-
verter injection frequency is obtained by heterodyning
two oscillators, a VFO and a ‘‘varicap’’-control osc-
illator that is reactance-modulated for AFC control .
The reactance-modulated oscillator operates at a
center frequency of 10,705 mc (for AFC-2A) and 12
mc (for AFC-3). The VFO is adjusted by a manually
operated tuning capacitor to center the AFC control
range frequency, The front panel RESET button, when
depressed, holds the DC control voltage at a fixed
level, so that only the VFO changes in frequency when
tuning the AFC unit, The converter injection oscillator
is also enclosed in a temperature-stable oven to pro-
vide frequency stability,

e. FADE ALARM. The fade alarm circuit has two
primary functions, The first provides the operator
with a visual indication that the carrier has gone into
a fade, or that it has decreased below apre-determined
level, The second switches the AFC unit into memory
operation while the carrier is in a fade condition. It
accomplishes both of these functions by a tube-opera-
ted relay, which lights a front panel indicator and re-
leases the DC control line from the phase detector
during carrier fade, When the DC control line is re-
leased from the phase detector, a long time constant
remains in the circuit and establishes the control
voltage until the carrier returns from fade.

f. DRIFT METER. The DRIFT meter permits the
operator to monitor AFC control, The meter indica-
tion is a measure of the total amount of drift appear -
ing at thereceiver converter input. As an approximat-
ion the green sector of the dial represents 500 cps
drift on either side of the center, yellow sectors from
500 cps to 1 ke, and red sectors extend from about 1
ke, Red indicates the limit of the synchronization
range, The information for the DRIFT meter is ob-
tained from the phase detector and is applied to the
meter in the cathode circuit of V5008B, the meter
amplifier,

g. DRIFT ALARM. The drift ALARM light alerts the
operator whenever the AFC is about to lose synchro-
nization, The alarm circuit obtains information from

the phase detector and this output is compared in a
differential amplifier with a reference voltage.

4-3. DETAILED THEORY OF OPERATION.

a, CARRIER AMPLIFIER. The 250 kc carrier IF is

4-2

supplied to the AFC unit by a low-impedance coaxial
cable at J5000 (figure 4-2), The carrier IF enters the
narrow bandpass crystal filter 25000, The crystal fil-
ter bandwidth eliminates most of the sideband inform -
ation and noise, This prevents the AFC from locking
on to some signal other than the carrier. The 250 ke
signal is amplified by two identical AGC -controlled
tuned stages, V5000 and V5001, and by a third stage,
V5002, The output is applied to T5000 transformer
which transfersthe amplified carrier to a low-imped-~
ance output and isrouted to the CARRIER SELECTOR
switch and LEVEL meter circuit, Another 250-k¢ out-
put from V5002 plate goes to the phase detector,

The purpose of AGC in the AFC carrier amplifier
section is to maintain receiver output relatively con-
stant despite a widely varying input signal level, The
AGC developed by the AFC has two applications: (1)
internally to V5000 and V5001, and (2) externally, to
the associated receiver.

The operator may control the receiver gain either
with the SENSITIVITY control (R5024) or with AGC,
When the SENSITIVITY control is fully counterclock-
wise, a maximum negative voltage on the grids of
V5000 and V5001 will produce minimum output. As the
SENSITIVITY control is turned clockwise, the gain
increases up to a point where the AGC voltage is
greater than the manual bias, The gain of the receiver
will now be determined by the AGC produced by the
AFC; the sensitivity should be reduced when excess
noiseis encountered, The a-c voltage for AGC is taken
from the plate of the third stage, V5002, and is fed to
a voltage quadrupler circuit, consisting of diodes
CR5001 through CR5004, and capacitors C5033, 5114,
5117 and 5112. The AGC voltage is divided by R5023
and R5022 for usein the first two stages, Another AGC
control is R5020 threshold potentiometer mounted on
the chassis. R5020 delays creation of AGC. On the very
weakest signals, it would be undesirable for AGC to be
produced, thereby reducing receiver gain, At the other
extreme, strong signals demand immediate AGC.
R50201s set for optimum reception, At the TMC factory
it is adjusted for 1 volt output with an input of 250 k¢
at 3000 microvolts with the SENSITIVITY knob fully
clockwise,

b. PHASE DETECTOR. The phase detector is com-
prised of T5003, CR5007, CR5008, R5030, and potenti-
ometer R5031 (figure 4-3), The 250 kc carrier IF is
connected to the wiper arm of R5031 and is about 10
volts rms at that point, The 250 kc from the product
detector oscillator is fed into terminal 3 and 6 of
T5003, and is stepped up from 3 volts to 30 volts at
terminals 4 and 5. If both of the 250 kc signals are in-
phase, no correction voltage is produced, If the two
signals are out of phase, a correction voltage is pro-
duced and the amount is proportional to the phase
difference. The d-c voltage developed is taken from
the phase detector at the wiper arm of R5031, The d-c
voltage may either be positive or negative, depending
upon the phase relationship of the two signals. The
phase detector is referenced at a positive 2.7-volt
level, The usual range of the pPhase detector output is

003634003B



- ™
wrexderd snewaydg patjipdurs ‘rstpiduy Istxae)) °g-p 9ansig -
. ALIAILISNES
MZ/1'SWHO NI 38V S3NTVA 3ONVLSIS3Y me - -
HW NI 34V S3NTVA 3IN7LINGNI _ HOOI oe T 100 7
4N NI 3¥Y S3NTVA 3ONVLIDVEVD = 5206y 2080 - 22060 I°
. . ] - i AYA Y VA — ——— A AAS T —
HHOM L3N J03LCN ISIMYIHLO SSHINA ) weeg HNOZ | AGOI -
WYV v 10N €Ot N | 5206Y 12067
AOOZ + al 000G ¥ == _— ————ee>
\ A Py HYOM LIN
' - ° ¢ I S S %b% WYYV 0L
= 9b NI = == - )
100 10°0 100 &w*m uD T MOLb T o ==
2116 ££060- 2162 2206y 81067 u
S A i St > St AR y-
_ £9v NI €9P NI €90 NI - %022 ol
icceyd 20064¥3 €00SG Y 10 T ¥0O! €20G4d 900§D
uhl NOOmUH 9208y
_ . A e =
 EERAAGEINN G A o H R
9£0GH 0206y .= 800G6YH C00§2 T
T ) S \
T = seg QT T S,
DAV ONOT | <
08| ' 1_\ = > eeosy | 0608 ;1006H
12064 41082 T~ 08l »0O0! oe! LolNo NIt
e v10S 0106 2oy s —-—goT T e
MOO! AH
- 9106 ¥ < iy
] 2 Z < €006 Y
N\l - ! —————g - .l.m L
©) w3tany S/ ° (2) 4314174y £ ° W y3udmy N+ /° el L2
¥31YHYO _ VETIYA) _ ETTL R ﬁ _ 2064 S
9HY9 - 9209 s = 9209 S | - _
¥0103130 200GA it 100SA . .vl_ 0006/ A'm.uw ==
A DS 100 > 00 3 (-
Ly AGI 91059 VA4 b Av | b o _OO) 4
. BICSH < 6106 5106y @0s8S 01083 S gnogy s00s8S 1002 k--
== A. == = oo L.\ .
| Mgxg EIERCR
L , — — - 5% e 131594vD 31
v . . I@ Tllv e = INOS2
y NG5 T ) R NH9 o
9 1000 , ¥8I | Y000 j ngl
00061 W _ % anroosi== | £106y 7 & ¥ annoos! I m 9006y
28q g _MHIH L_1£0s7 ﬁ N = oLososn b o) =
N a3y - Q3y |
" BT
— > ) —
= < GINGD =
T o L st 52 w1 < o [ s NG 1o £0052
,Hlv_onu , M:oﬂx 010§ 7 __ofr_. mo,Omui._”x 000681 »005 4 mo%uu
@ i A d VAAASTTE d A NAAAS . ”
K4 e
10067 m
= m
100 =)
0OI NI 100 80£062 2
9005 HD - v0£0S9 . uhl ™
- ©
) NasPa :
‘ <998, BOOST %68y oooew M 5]



FROM PRODUCT
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Figure 4-3, Phase Detector, Simplified Schematic Diagram

between 3.7 volts and 1.7 volts, These two voltages
correspond to the +1 k¢ frequency range of the con-
verter injection oscillator and the +50 cpsrange of the
product detector oscillator, The 2.7-volt center point
corresponds tothe center frequency of both oscillators,
and is the voltage applied to the control line when the
RESET button is depressed, The 2.7-volt reference is
obtained from CR5009, a 5.4-volt zener diode conduct-
ing in the reverse direction., The zener diodes uses
about 10 ma of current from the cathode circuit of
V5003, R5032 and R5033 form a voltage divider to
obtain 2,7 volts and C5035 and C5115 act as heavy
filter capacitors,

¢. PRODUCTDETECTOR OSCILLATOR. The product
detector oscillator and its buffer amplifier and assoc-
iated circuitry are contained in an oven to maintain
temperature stability (figure 4-4). V5006 serves as
two oscillators and a mixer. V5006B is the 1.25-mc
oscillator, The four oscillators in the AFC unit are
modified Colpitts-type circuits. The oscillators each
utilize a grounded plate and feedback from ground to
cathode and from cathode to grid, The grid circuit is
crystal controlled. The crystal operates in the circuit
as an inductor, L5008 provides series compensation
for the crystal so that frequency adjustment is possi-
ble. L5008 is initially adjusted for an output of exactly
250 kc when V5006A is held to the 2.7-volt reference
from the phase detector for center frequency. V5006 A
has the same type of circuit as V5006B with the ex~
ceptionthat series compensationis providedby a volt-
age variable capacitor (C5060), The voltage variable
capacitor (varicap) is a silicon p-n junction device
which changes circuit capacitance by bias voltage con-

4-4

trol. The varicap is specified by the value of capac-
itance in micromicrofarads with a bias of 4 volts, The
bias voltage must be applied in the reverse direction,
The ‘‘varicap’’in the grid circuit of V5006A performs
the function of a reactance modulator. The positive
connection of the ‘‘varicap’’ is referenced to the 5.4
volts developed across the zener reference diode,
CR5009 (see figure 4-3). The output of the phase de-
tector is applied to the negative side of the‘‘varicap”’’,
The bias circuit from the phase detector is isolated
from the converter injection oscillator by R5079 (see
figure 4-6), The isolation prevents the product detec-
tor oscillator from being affected by the long time
constant of R5079,C5076, and C50717, The bias control
line to the product detector oscillator is, therefore,
free to follow rapid excursions, The oscillator is de-
signed to shift at least +50 cps. When the product de-
tector oscillator has beenshifted by 50 cps, the time
constant of the converter injection oscillator has allow-
ed it to start correcting, and as a result, the product
detector oscillator returns to center frequency. It can
now be seen that when the converter oscillator has
completed its total shift of 1 kc, the product detector
oscillator will alsohave completed its maximum shift
of 50 cps. Any further shift in the same direction will
fall outside of the crystal filter, and the AFC unit will
necessarily lose control, unless recentered by the
manually-operated tuning control., C5064 provides the
only circuit connection of V5006A and V5006B, and,
therefore, facilitates the mixing action of 1,5 mc and
1.25 mc, The 250 k¢ output is taken from the plate of
V5006B. The network of C5058, C5059, L5007, C5057,
and R5056 form a low-pass filter, V5005 is a buffer
amplifier to prevent circuitry external to the oven

003634003B
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from affecting the oscillator frequencies. The tank
circuit for V5005 is mounted externally, and feeds
a two-stage tuned amplifier consisting of V5003 and
V5004, An AGC voltage, derived from the plate of
V5003, is applied to the grid of the reactance-modul -
ated oscillator V5006A, The AGC voltage performs a
function of maintaining a constant output of 1 volt to
the CARRIER SELECTOR switch and 3 volts to the
phase detector.

d. CONVERTER INJECTION OSCILLATOR. The con-
verter injection oscillator utilizes two clapp oscilla-
tors, V6012A and V5012B, and a buffer amplifier,
V5011 (figure 4-5), The entire circuitis oven-mounted
for stability. V5012B is actually a variable frequency
oscillator, since the crystal series compensation is
the TUNING capacitor (C5096) controlled from the
front panel. The tuning capacitor will change frequency
by at least +3000 cps, L5018 increases the frequency
range of the TUNING capacitor C5096, and L5029 is
adjusted for centering of the frequency range. Y5003
crystal for this oscillator is determined by the output
frequency required, so that a signal of 250 ke is pro-
duced when mixed with the receiver output, V50124 is
the varicap control oscillator, which is similar in per-
formance to the product detector oscillator except that
the ‘“varicap’’is referenced to ground potential. A low
pass filter is again used, and the tank for the buffer
amplifier is mounted external to the oven, 25001, 75002,
and Z5003 areplug-in circuits toaccomodate the par-
ticular frequency output, The frequency of operation
for Z5001, Z5002, and Z5003 may be identified by the
last digits of the part number, which is read inkc.
V5009 and V5010 isthe amplifier for the converter in-
jection frequency. An AGC voltage is developed to
maintain a constant output of 1 volt,

€. ALARM CIRCUITS. The fade alarm circuit con-
sists of V5007B and relay K5000 (figure 4-6). A recti-
fier circuit, consisting of CR5005, R5034, R5035, and
C5079, produces a negative voltage proportional to the
output of the earrier amplifier. This negative voltage
holds V5007B cut-off until the carrier IF drops below
the level, determined by R5034 and R5035, at which
V5007B conducts.Relay K5000 is the plate load for the
tube. Thus, when conduction occurs, the relay is acti-

vated. The relay releases the DC control line from the
phasedetector, and atthe same time switches a panel-
mounted neon bulb (15001 FADE alarm) to the B+ line,
thereby giving a visual indication of carrier fade. The
relay also closes a pair of contacts, which are made
available on the rear apron for remote indication of
fade,

The phase detector output is made available to a
VTVM circuit which operates the DRIFT meter
(M5001). The cathode of V5008B drives the panel-
mounted DRIFT meter. The plate voltage for the tube
is lowered considerably by R5076 and R5077, and a
diode, CR5011, is shunted across the meter to prov-
ide linearity, R5074 adjusts for a zero center scale
position when the RESET button is depressed,

The drift alarm circuit operates as a differential
amplifier, with one input remaining constant, and the
other being drift informationfrom the phase detector.
V5007A and V5008A comprise a bridge circuit, The
control grid of V5007A contains the alarm zero adjust
potentiometer R5064 in a voltage divider network, A
neon lamp, 15000 ALARM light, is connected between
V5007A and V5008A plates, With no correction voltage
from the phase detector, R5064 is adjusted for zero;
both tubes conduct equally and there is no difference
of potential across the lamp, A correctionvoltage from
the phase detector unbalances the conduction of the
two tubes and unequal plate voltages are developed.
A drift of approximately 750 cps will cause sufficient
unbalance to light the neon bulb,

The rectified dc from V5003 output is used as a
part of the plate supply for V50074, V50084, and
V5008B to insure operation of alarm circuits only
when the product detector oscillator is issuing output,
R5079 servesto isolate the product detector oscillator
from the long time constant (C5076 and C5077) in the
converter injection oscillator loop,

f. OVENS. The ovens used for both oscillators are
Similar., Each oven is heated by two 20 watt ele-
ments which are controlled by a snap-action type
thermostat, R5109,C5110, R5114, and C5111 form arc
suppressor networks for the thermostats,

003634003B

L



+200V

N

— & o aVa'a e\ o & Y'Y @ PanN
FROM == C5080 | R5083 L5012 | R5090 Lsois | o
PHASE — o I 0. 25 csile 25 c5087 { '
DETECTOR = 15K T 15K ol '
(SEE FIG. 4-6) : 1 = ' = == J5005 P5005
>—$—?-—_ €5085 __L_‘ L L
1
N I zs5003 T o | csossl zs001 |
)—¢ [THIRD PLUG ! == T O |SECOND PLUG] R5098S, S RSH7
— IN IF S . i 1.SK 47
J5003 = i ]
+—® _
cso76 L] = R 509! 25002 7
50 - R 5084 15K FIRST PLUG
AT 60V I_ A V5009 PN IE
~ e R5085 6AHS ;
. HF AMPL (2)
cso77 I 18K C5086 —— R5093 b _
se =L SICUUF TR 5086 ST = i
AT 6OV = 3 R5097
L_C5089 100K —L
L » R5095 T oo J5004 P5004
Js500a] H =
P5004 . .
= 180 _L
L5037 < R5096 —= C5092 —~
= 25 ook I~ o Ji =
= AGC—> 1 B ¢
—iq— = /L
Oh
NOTE
UNLESS OTHERWISE NOTED:
CAPACITANCE VALUES ARE IN UF
INDUCTANCE VALUES ARE IN MH
RESISTANCE VALUES ARE IN OHMS,!/2W
l—— - - - - - — - — - —| 4
| L 50154 C5095 —L RS5I00 R5099—T—c5094
150UH 3 1ouUF L 47k 2.2k _L_ 2000UUF i
L l
|
R5102 _L 5103
o _ , 10k 7T~ 2000UuF
I ) Y5002 j— C5104
d iomc = 2000UUF 50124
—= !l 2 (
. CSISL# ‘{; — 1/20<52CAT7 !
82UUF T ¢ R5103 ! 2wt )
7 i
] b . POI
| V50!l I L5°'8§ ! X |
. 6C4 = — e50 — Y5003 | csi07
; 7 BUFFER 3 53098 8 ¢si05 7-70UUF |
AMPL Vv50i28 |
| 172 12AT7 ¢——9—)}—9 L5029%, \—eo ‘ ! |
| oMC -6 3
' Rs108<C L cs102 '9s¢ = €5099 L5016 <RSI0 Lo L 22UUF JRsioq RSI05 3| 5019
| 390 T oo " 130uuUF{ 150UH < 100K C5106 100K 100K
| — = UH = g2uur
! — — — e "j e [_f
| - 5096 c5063 _,_——{]1‘32%'83 N
! 2345UUF__ _1_ 10uUuF L " — “UUF l I
| - GC BT R
| UUF ;g; =
i AA) -
|
L . R _ = _ |
Figure 4-5. Converter Injection Oscillator, Simplified Schematic Diagram
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SECTION 5

TROUBLE -SHOOTING

5-1. INTRODUCTION,

This section explains how to locate and diagnose
equipment troubles and maladjustments, The inform-
ation necessaryto remedy the troubles and maladjust-
ments will he found in Section 6 of this manual under
the heading ‘‘Maintenance’’,

The following aids to troubleshooting are provided:

a. Schematic diagram.

Iz

Voltage table,

10

Tube location data,

Troubleshooting techniques,

e

o

Troubleshooting chart,

5-2, TROUBLE-SHOOTING TECHNIQUES,

a, GENERAL CONSIDERATIONS. When a piece of
equipment has been working satisfactorily and sudden-
ly fails, the cause of failure may be apparent either
because of circumstances occuring atthe time of fail-
ure or because of symptoms analogous to pastfailures.
In this case, it is unnecessary to follow a lengthy and
orderly course of troubleshooting in order to localize
and isolate the faulty part,

A second short cut in troubleshooting is to ascert-
ain that all tubes are in proper working order; also
that the equipment receives proper supply voltages.
This may eliminate further investigation,

A third short cut is to examine the equipment sec-
tion by section, for burned out elements, charring,
corrosion, arcing, excessive heat, dirt, dampness, ctc,

Component defects may be internally or externally
caused,

b. TROUBLESHOOTING TABLE BASED ON TYPES
OF OPERATION, The general purposes of this chart
is to narrow the area of trouble to one or more sec-
tions of the equipment in order to minimize the labor
of locating the source of trouble, When the troubleis
localized to a section use should be made of the volt-
age chart and also the information contained in the
alignment instruction for that section in Section 6 of
this manual,

c. VOLTAGE TABLE. The table gives nominal val-
ues of voltage-to-chassis at tube elements, Large
deviations from the nominal values should be care-
fully investigated. During this process, accurate
schematic diagrams and location data are essential.
A schematic diagram of the AFC unit is found in Sec-
tion 8,

5-3. AUTOMATIC FREQUENCY CONTROL AFC-2A
AND AFC-3,

a, TROUBLESHOOTING TABLE BASED ON TYPES
OF OPERATION, Table 5-1 outlines procedures to
localize troubles tc a section of the AFC unit based
on the type of operation being employed.

b. VOLTAGE TABLE, Table 5-2 lists the voltage-to-
chassis measurements at tube pins in the AFC unit,

. . L [ A. Figure 5-1 locatesthe
tubes of the AFC unit by reference designations,

TABLE 5-1., TROUBLE-SHOOTING BASED ON TYPES OF OPERATION,

SYMPTOM

PROBABLE CAUSE

4

REMEDY

Abnormal carrier level as
indicated on LEVEL meter,

Defective carrier amplifier stage.

Check V5001, V5002, and V5003,

Check their associated circuitry,

Defective AGC network.

Check all network components,

DRIFT meter, ALARM
light, and FADE light not
functioning properly.

Defective phase detector network,

Check T5003 and associated
components.

003634003B
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TABLE 5-1, TROUBLE -SHOOTING BASED ON TYPES OF OPERATION, (Cont,)

SYMPTOM

PROBABLE CAUSE

REMEDY

ALARM light not function-
ing properly.

Defective drift alarm amplifier
network,

Check V5007A and V5008A.
Check their associated circuitry,

DRIFT meter not function-
ing properly.

Defective meter amplifier
network,

Check V5008B and associated
circuitry,

FADE light not functioning
properly.

Defective relay network,

Check V5007B and relay K5000,
Check their associated
components,

Abnormal converter
injection frequency output,

Defective high frequency
amplifier,

Check V5009 and V5010, Check
their associated components,

Defective oven.

Check operation of oven.

Defective converter injection
oscillator stage.

Check V5011 and
V5012, Check their associated
components,

Excessive drift,

Defective low frequency
amplifier,

Check V5003 and V5004, Check
their associated components,

Defective oven,

Check operation of oven,

Defective product detector
oscillator stage.

Check V5005 and V5006, Check
their associated components,

5-2
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TABLE 5-2, AFC-24,3, VOLTAGE MEASUREMENTS

TUBE PIN 1 PIN 2 PIN 3 PIN 4 | PIN 5 PIN 6 PIN 7 PIN 8 | PIN 9
SYMBOL FUNCTION TYPE | VOLTS VOLTS VOLTS VOLTS | VOLTS VOLTS VOLTS VOLTS | VOLTS
V5000 CARRIER AMPLIFIER 6DC6 0 2 0 6.3 AC 185 130 2 NA NA
V5001 CARRIER AMPLIFIER 6DC6 0 2 0 6.3 AC 185 130 ! 2 NA NA
V5002 CARRIER AMPLIFIER 6AH6 0 2 0 6.3 AC 185 160 2 | NA | Na
V5003 LOW FREQUENCY 6AH6 5.8 1.4 0 6.3 AC 185 154 ! 7.4 NA NA
AMPLIFIER |
|
V5004 LOW FREQUENCY 6AH6 0 2 0 6.3 AC 185 145 ‘ 2 NA NA
AMPLIFIER
Vo000 LOW FREQUENCY oC 4 175 NC 0 5.3 AC NC & 2.6 N NA I
BUFFER AMPLIFIER
V50064 | 1.5 MC 1/2 150 -4 0 0 0 NA NA NA 6.3 ~C
OSCILLATOR 12AT7
v5006B | 1.25 MC 1/2 NA NA NA NA NA 135 -2 0 NA
OSCILLATOR 12AT7
V5007A | ALARM AMPLIFIER 1/2 NA 4,3 97 6.3 AC 0 100 5 4.6 NA NA
6U8A |
V5007B | RELAY AMPLIFIER 1/2 84 NA NA NA NA NA ‘ NA 0 -.64
6USA
V5008A | ALARM AMPLIFIER 1/2 NA 2.8 87 6.3 AC 0 100 4.8 NA NA
6U8A
V5008B | METER AMPLIFIER 1/2 36 NA NA NA NA 5 NA NA 4.5 3.0
6U8A ' |
i o N
V5009 HIGH FREQUENCY 6AH6 .15 2 0 6.3 AC 185 128 ; 2 NA NA
AMPLIFIER * ;
i
V5010 HIGH FREQUENCY 6AH6 0 2 0 6.3 AC 185 150 2 NA NA
AMPLIFIER
V5011 HIGH FREQUENCY 6C4 175 NC 0 6.3 AC NC 0 3.8 NA NA
BUFFER AMPLIFIER
V50124 | OSCILLATOR 1/2 NA NA NA 0 0 150 -1.6 o 6.3 AC
12AT7
V5012B | OSCILLATOR 1/2 135 1.1 0 NA NA L NA NA NA N
12AT7
NOTES

003634003B

i. CONDITIONS:

Power supply connected at J5001
No signal in, no connections at J5002 or J5003

CARRIER SELECTOR switch at OSC
SENSITIVITY knob fully clockwise

RESET switch shorted

Measw ements made beiween pin and chassis ground, with

Hewiett-Packard Model 410B VTVM or equivaient,

2, All values are d~c unless noted otherwise,

4 N
Xs 4N e DU

N
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SECTION 6

MAINTENANCE

6-1. INTRODUCTION,

Maintenance may be divided into three categories:
operator’s maintenance, preventive maintenance, and
corrective maintenance, Corrective maintenance is
someiimes considered as consisting ot intormation
useful in locating and diagnosing equipment troubles
and maladjustments, existing and/or pending, and in-
formationnecessary to remedy the equipment troubles
and maladjustments, Corrective procedures in this
section are those necessary to correct a trouble due
to a maladjustment of an alignment control or adjust-
ment, By using these procedures with those presented
in Section 5a trouble may also be localized to a part-
icular section. Operator’s maintenance is included in
Operator’s Section (Section 3).

The AFC unit has been designed to provide long-
term trouble-free operation under continuous duty
conditions, It is recommended that any necessary
maintenance be done by a competent maintenance tech-
nician familiar with trouble-shooting techniques, If
the trouble cannot be corrected by following the pro-
cedures presented in this section and Section 5, it is
recommended that the AFC unit be returned to the
Technical Materiel Corporation for servicing,

6-2. PREVENTIVE MAINTENANCE,

a. In order to preventfailure of the equipment due to
corrosion, tube failure, dust, or other destructive
elements it is suggested that a schedule of preventive
maintenance be set up and adhered to,

b. At periodic intervals (at least every six months)
the equipment should be removed from the rack for
cleaning and inspection. All accessible covers should
beremoved and the wiring and all components inspected
for dirt, corrosion, charring, discoloring, or grease;

003634003B

in particular, the tube sockets should be carefully in-
spected for deterioration, Dust may be removed with
a soft brush or a vacuum cleaner if one is available,
Remove dirt or grease from electrical parts with tri-
chlorethylene, Removedirt or greasefrom other parts
with any good dry cleaning fluid,

WARNING

When using trichloroethylene, make certain
that adequate ventilation exists, Avoid pro-
longed contact with skin,

¢. While unit is out of the rack and covers are re-
moved, check the tubes, all of which are accessible
from the top of the chassis,

d. Carefully inspect for loose solder connections or
screws, especially those onsoider lugs, Recommended
time intervalis every 6to 12 months, depending on the
amount of vibration encountered in service,

6-3. CORRECTIVE MAINTENANCE,

The corrective maintenance procedure is essential -
ly Technical Materiel Corporation’s factory alignment
procedures modified for use in the field, Table 6-1
lists the test equipment necessary for alignment, The
alignment procedures are outlined in tables 6-2
through 6-5, For a complete alignment, the procedures
must be performed in sequence beginning with table
6-2 and ending with table 6-5, However, the procedures
are so arranged that if it is necessary to align only a
particular section the procedures in the table covering
that section need only be performed., Figure 6-1 lo-
cates the alignment controls and adjustments, Pro-
cedures are performed with the AFC unit complete
and operating power applied by means of J5001, Re-
move the cables from J5000, J5002, and J5003,
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TABLE 6-1,

TEST EQUIPMENT FOR ALIGNMENT

ITEM

MANUFACTURER

Signal Generator

Measurements Model 82 or equivalent

Vacuum tube voltmeter

Hewlett-Packard 410B or equivalent

Counter

Hewlett-Packard 524C or equivalent

Variable bias supply

50-ohm resistor

Regulated power supply

Lamda Electronics Model 25 or equivalent

6-2

25003 25001 R5074

15033

R5064

15032

L5031 L5030

R5031

15001 R5020

Figure 6-1. Location of AFC-2A,3, Alignment Controls and Adjustments
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TABLE 6-2, CARRIER AMPLIFIER ALIGNMENT.

STEP

OPERATION

—

Set the CARRIER SELECTOR switch to RCC, the SEN-QTTTVT’T‘V control
fully clockwise, and the threshold control R

(V]

Connect a 50-ohm resistor across J5002.

Set the VTVM for A-C operation and connect it between pin 1 of V5001
and ground. Adjust L5030 for the maximum indication on the VTVM.,

Connect the VTVM between pin 1 of V5002 and ground, Adjust L5031 for
the maximum indication on the VTVM,

[=}]

Adjust the signal generator for an output of 3000 uv, Connect the VIVM

to J5002, Adjust the threshold control R5020 for 1,0 volt indication on the

VIVM,

Remove the VTVM, Set it for D-C operation and connect it between
pin 1 of V5001 (-) and ground. Indication should be -5 volts +1,5 volts,

Observe the LEVEL meter, It should indicate in the green portion
of the scale,

xr

Increase the signal generator output to 30 mv, The VIVM should
indicate between -6 and -9 volts.

10

Reduce the signal generator output until the fade relay and FADE
indicator operate. LEVEL meter indicates in red portion of scale,
Signal generator output level should be 100 uv or less,

11

Remove VTVM and signal generator,

TABLE 6-3. DRIFT ALARM AND METER ALIGNMENT.

STEP

OPERATION

With a jumper across the terminals of the RESET switch, set the
VTVM for D-C operation and connect it between pin 6 of V5008 (+)
and ground. Note the indication on the VTVM, It should be
approximately 130 volts,

Hemove the V1I'VM ana connect it between pin 6 of VoUUT7 (+) and ground,
Adjust the drift alarm adjust control R5064 until the indication on the
VTVM is the same as the indication noted in step 1.

Adjust the drift meter zero control R5074 until the DRIFT meter
needle is at the center line, Remove all test equipment,

003634003B
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TABLE 6-4, PRODUCT DETECTOR OSCILLATOR AN~ PHASE DETECTOR ALIGNMENT,

STEP

OPERATION

1

Set OSC/RCC switch at 0SC. Disconnect P5007 plug from
J5007 jack and P5006 plug from J5006 receptacle. Using
the counter, adjust the signal generator to 250 kc +5
cps. Adjust the siganl generator for an output of 300
mc and connect it to J5007 jack.

CAUTION

Feed RF generator output through a blocking capacitor as
B plus is present at J5007. "

Connect a jumper across RESET switch. Terminate J5002 with a
50-ohm load.

Set the VTVM for A-C operation and connect it between pin 1 of V5004
and ground. Adjust L5033 for maximum indication on the VTVM.

Connect the VTVM between pin 1 of V5003 and ground. Adjust L5032 for
maximum indication on the VTVM,

Connect the VTVM across J5002. Adjust T5001 for maximum indication
on the VTVM.

Remove signal generator from J5007 jack, Reconnect P5007 plug to
J5007 and P5006 plug to J5006 receptacle.

Oscillator oven must have stabilized (cycled for one hour) before the
following steps can be carried out,

Remove the VTVM from J5002 jack and connect the counter to this
jack. Adjust L.5008 for a reading of 250 kc i1 cps on counter,

Connect the VTVM between pin 1 of V5003 and ground.
Re-adjust T5001 for minimum indication on the VIVM,

Remove counter from J5002 jack and connect the VIVM
across this jack. VIVM should read between 1 and 1.3 VRMS,

10

Set the VTVM for D-C operation and connect it between R5115 and
ground, VTVM should read approximately 2 VDC (AGC).

11

Remove jumper across RESET switch, Set the VTVM for A-C
operation and connect it between terminal 3 of T5003 and ground,
VTVM should read approximately 3 VRMS,

12

Set the VTVM for D-C operation and connect it between the wiper
arm of R5031 and terminal 2 of T5003. Adjust R5031 for 0 VDC.

13

Connect the VTVM between terminal 1 of T5003 and ground.
VTVM should read approximately 2.7 VDC,

14

Remove the VTVM from T5003. Using the counter, adjust signal
generator to 250-kc +1 cps at 100 microvolts, Connect the
generator at J5000 jack. Connect the counter at J5002 jack.

15

Vary the signal generator by 50 cps above and below 250-kc,
Counter should follow at J5002,

6-4
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TABLE 6-5. CONVERTER INJECTION OSCILLATOR ALIGNMENT,

STEP OPERATION

1 Disconnect P5005 plug from J5005 jack and P5004 plug from J5004
receptacle, Using the counter, adjust the signal generator to the
center frequency of the oscillator (705 ke for AFC-2A, 2 mc for
AFC-3) to within +5 cps, Adjust the signal generator for an output
of 300 mv and connect it to J5005 jack, Connect a jumper across
RESET switch, Terminate J5003 with a 50-ohm load,

2 Set the VTVM for A-C operation and connect it between pin 1 of
V5010 and ground, Adjust Z5002 for maximum indication on the VTVM.

3 Connect the VTVM hetween pin 1 of V5000 and ground, Adjust Z5001
for maximum indication on the VIVM,

4 Connect the VIVM across J5003, Adjust Z5003 for maximum
indication on the VTVM,

5 Remove signal generator from J5005 jack. Reconnect P5005 plug to
75005 and P5004 plug to J5004 receptacle.

6 ; Oscillator oven must have stabilized (cycled for one hour) before the
following steps can be carrier out,

7 Remove the VIVM from J5003 and connect the counter to this jack.

Adjust tuning capacitor C5096 (TUNING knob on front panel) for
lowest frequency reading on counter, Loosen coupling of tuning shaft
and adjust the knob pointer to coincide with the +3 mark on the panel,
Retighten shaft coupling.

8 Adjust TUNING knob to the zero marking on the panel. Then adjust
L5029 to obtain the oscillator center frequency.

9 Observe counter and turn TUNING knob to +3 mark on panel,

| Counter should read center frequency plus approximately 3 kc.
! Turn TUNING knob to -3 mark on panel, Counter should read

4 _ center frequency minus approximately 3 kc,

| 10 ’ Remove counter from J5003 jack, and connect VIT'VM between pin 1
of V5009 and ground. Readjust 25003 for minimum indication on
the VIVM.,

11 i Connect the VIVM across J5003, It should read approximately 1 VRMS.

12 f Set the VTVM for D-C operation, and connect it between the junction
of L5037 and R5096 and ground. Reading shouldbe approximately
2 VDC,

1126340038 6-5/6-6



SECTION

7

PARTS LIST

7-1, INTRODUCTION,

Reference designations have been assigned to ident-
ify all maintenance parts of the equipment, Theyare
used for marking the equipment (adjacent to the part
ihey identify) und are inciuded on drawings, diagrams,
and the parts list, The letters of a reference desig-
nation indicate the kind of part (generic group), such
as resistor, amplifier, electron tubes, etc, The num-
ber ditferentiates between parts of the same generic
group, Parts of the AFC unit are numbered in the
5000 and 5100 series. Sockets associated with a part-

003634003B

icular plug-in device, such as electron tubes, are
identified by a reference designation which includes
the reference designations of the plug-in device. For
example, the socket for tube V5000 is designated
XV5000, Column 1 lists the reference designations of
the various parts in alphabetical and numerical order,
Column 2 gives the name and describes the various
parts., Major part assemblies are listed in their en-
tirety; sub-parts of a major assembly are listed in
alpha-betical and numerical order with reference to
its major assembly., Column 3 indicates how the part
is usedwithina major component, Column4 lists each
Technical Materiel Corporation part number,
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
A5000 TERMINAL BOARD ASSY: printed circuit Converter Injection A-2447-2
(AFC-2A) type: consists of symbol numbers C5095, Oscillator Sub-
5098, 5099, 5101, 5105, 5106, 5107, 5108, assembly
5109, L.5015, 5016, 5017, 5018, 5019, R5100,
5103, 5104, 5105, 5106, 5107, Y5002, 5003.
(Supplied with Z5005) (NON REPAIRABLE
ITEM)
A5000 TERMINAL BOARD ASSY: printed circuit Converter Injection A-2447-1
(AFC-3) type; consists of symbol numbers C5095, Oscillator Sub-
5098, 5099, 5101, 5105, 5106, 5107, 5108, assembly
5109, 1.5015, 5016 5017, 5018, 5019, R5100,
5103, 5104, 5105, 5106, 5107, Y5002, 5003.
(Supplied with Z5005) (NON REPAIRABLE
ITEM)
A5001 TERMINAL BOARD ASSY: printed circuit Product Detector A-2446-4
type; consists of symbol numbers C5057, 5058, | Oscillator Sub-
5060, 5061, 5062, 5067, 5068, 5070, 5071, 5072, | assembly
L5007, 5009, 5026, 5027, R5056, 5059, 5060,
5062, 5063, 5065, Y5000, 5001, (Supplied with
75004) (NON REPAIRABLE ITEM)
C5000 CAPACITOR, FIXED, CERAMIC RF Bypass CC-100-32
DIELECTRIC: 0.1 uf; +80 -20%; 500 vdcw.
C5001 CAPACITOR, FIXED, CERAMIC SG Bypass CC-100-16
DIELECTRIC: ,01 uf; GMV: 500 vdcw.
C5002 Same as C5000. B+ Decoupling
C5003 Same as C5000, B+ Bypass
C5004 DELETED
C5005 DELETED
C5006 CAPACITOR, FIXED, PLASTIC p/o Delay Netwk CN112A105K2
DIELECTRIC: 1.0 uf; +10%; 200 vdcw.
C5007 Same as C5000, RF Bypass
C5008 Same as C5000. B+ Bypass
C5009 Same as C5000, B+ Bypass
C5010 Same as C5001, SG Bypass
C5011 DELETED
C5012 DELETED
C5013 CAPACITOR, FIXED, CERAMIC RF Bypass CC-100-28
DIELECTRIC: 100, 000 uuf; GMV; 500 vdcw,
C5014 Same as C5000. B+ Bypass
C5015 Same as C5000, B+ Bypass
C5016 Same as C5001. SG Bypass
C5017 Same as C5000, Cathode Bypass
003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM DESCRIPTION FUNCTION PART NO.

C5018 Same as C5000, RF Bypass

C5019 DELETED

C5020 Same as C5001, RF Bypass

C5021 Same as C5001. B+ Bypass

C5022 Same as C5001. B- Bypass

C5023 Same as C5001, B- Bypass

C5024 Same as C5001. AC Bypass

C5025 Same as C5001. AC Bypass

C5026 Same as C5001, AC Bypass

C5027 Same as C5001, AC Bypass

C5028 Same as C5000, Fil. Bypass

C5029 CAPACITOR, FIXED, CERAMIC Coupling CC-100-29
DIELECTRIC: 1000 uuf; GMV: 500 vdcw.

C5030 CAPACITOR, FIXED, CERAMIC RF Bypass CC-100-23

A,B DIELECTRIC: dual section, 10,000 uuf
each section; GMV; 1000 vdcw.

C5031 DELETED

C5032 CAPACITOR, FIXED, MICA DIELECTRIC: Coupling CMI15C511K
510 uuf; +10%; 500 vdew.

C5033 Same as C5001, Coupling

C5034 Same as C5000, B+ Bypass

C5035 CAPACITOR, FIXED, ELECTROLYTIC: Filter CE-107-1
tantalum; 50 uf; +50 -15%; 60 vdcw:
polarized; tubular case,

C5036 CAPACITOR, FIXED, CERAMIC Coupling CC-100-35
DIELECTRIC: 20,000 uuf; +60 -40%:
150 vdcw.

C5037 Same as C5000, B+ Bypass

C5038 Same as C5000, p/o Plate Tank

C5039 DELETED

C5040 Same as C5032, Coupling

C5041 Same as C5001, SG Bypass

C5042 DELETED

C5043 Same as C5013, RF Bypass

C5044 Same as C5000, B+ Bypass

C5045 Same as C5000, B+ Bypass

003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.

C5046 DELETED

C5047 DELETED

C5048 Same as C5000L SG Bypass

C5049 DELETED

C5050 Same as C5013, RF Bypass

C5051 Same as C5000, B+ Bypass

C5052 DELETED

C5053 DELETED

C5054 Same as C5013. RF Bypass

C5055 Same as C5000, B+ Bypass

C5056 CAPACITOR, FIXED, MICA DIELECTRIC: B+ Bypass CM20C202K
2000 uuf; +10%; 500 vdcw. (Supplied with
75004)

C5057 Same as C5032. (Supplied with A5001) Filter

C5058 Same as C5032. (Supplied with A5001) Coupling

C5059 Same as C5032. (Supplied with Z5004) Plate Bypass

C5060 CAPACITOR, VOLTAGE VARIABLE, Freq. Control CX-106-11
SILICON: 14-70 uuf; hermetically sealed
glass to metal; 20 vdcw, (Supplied with
A5001)

C5061 CAPACITOR, FIXED, MICA DIELECTRIC: Coupling CM15C181G
180 uuf; +2%: 500 vdcw. (Supplied with
A5001)

C5062 CAPACITOR, FIXED, MICA DIELECTRIC: Cathode Bypass CM15C201K
200 uuf; +10%; 500 vdcw. (Supplied with
A5001)

C5063 CAPACITOR, FIXED, MICA DIELECTRIC: p/o Tuning CM15C100K
10 uuf; +10%; 500 vdcw. (Supplied with Z5005)

C5064 Same as C5063, (Supplied with Z5004) Coupling

C5065 Same as C5056, (Supplied with Z5004) B+ Bypass

C5066 Same as C5056, (Supplied with Z5004) Coupling

C5067 Same as C5061. (Supplied with A5001) Coupling

C5068 Same as C5061, (Supplied with A5001) Cathode Bypass

C5069 Same as C5001, (Supplied with Z5004) Cathode Bypass

C5070 CAPACITOR, FIXED, MICA DIELECTRIC: RF Bypass CM112E202K3C
2000 uuf; +10%; 300 vdcw; straight type.
(Supplied with A5001)

C5071 Same as C5070. (Supplied with A5001) RF Bypass
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TMC DWG OR
SYM DESCRIPTION FUNCTION PART NO.

C5072 Same as C5070. (Supplied with A5001) RF Bypass

C5073 Same as C5000, B+ Bypass

C5074 Same as C5001, Plate Bypass

C5075 Same as C5013, RF Bypass

C5076 Same as C5035, Memory

C5077 Same as C5035. Memory

C5078 Same as C5001, RF Bypass

C5079 Same as C5000, RF Bypass

C5080 Same as C5000, B+ Bypass

C5081 DELETED

C5082 DELETED

C5083 Same as C5001. Cathode Bypass

C5084 Same as C5001, RF Bypass

C5085 Same as C5000, B+ Bypass

C5088 Same as C5032, Coupling

C5087 Same as C5000, B+ Bypass

C5088 Same as C5000, RF Bypass

C5089 Same as C5001, SG Bypass

C5090 DELETED

C5091 Same as C5001, RF Bypass

C5092 Same as C5000, RF Bypass

C5093 DELETED

C5094 Same as C5056. (Supplied with Z5005) B+ Bypass

C5095 CAPACITOR, FIXED, MICA DIELECTRIC: Filter CM15C100K
10 uuf; +10%; 500 vdcw. (Supplied with A5000)

C5096 CAPACITOR, VARIABLE, AIR DIELECTRIC: Tuning CT-104-2
2.3 uuf to 15 uuf; 600 vac peak. (Supplied with
Z5005)

C5097 Same as C5000 RF Bypass

C5098 CAPACITOR, FIXED, MICA DIELECTRIC: Coupling CM15C390K
39 uuf; +10%; 500 vdcw. (Supplied with A5000)

C o099 CAPACITOR, FIXED, MICA DIELECTRIC: Cathode Bypass CMI15C131K
130 uuf; +10%; 500 vdew. (Supplicd with A5000)

C5100 Same as C5062, (Supplied with Z5005) Coupling

003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
C5101 CAPACITOR, FIXED, MICA DIELECTRIC: Filter CM15C820K
82 uuf; +10%; 500 vdcw. (Supplied with A5000)
C5102 Same as C5001. (Supplied with Z5005) Cathode Bypass
C5103 Same as C5056, (Supplied with ‘Z5005) B+ Bypass
C5104 Same as C5056. (Supplied with Z5005) Coupling
C5105 CAPACITOR, FIXED, MICA DIELECTRIC: Coupling CM15C220K
22 uuf; +10%; 500 vdcw. (Supplied with A5000)
C5106 Same as C5101. (Supplied with A5000) Cathode Bypass -
C5107 Same as C5060. (Supplied with A5000) Frequency Control
C5108 Same as C5070, (Supplied with A5000) RF Bypass
C5109 Same as C5070, (Supplied with A5000) RF Bypass
C5110 Same as C5000, Arc Suppressor
C5111 Same as C5110. (Also supplied with Symbol Arc Suppressor
E5002)
C5112 Same as C5001, Coupling
C5113 Same as C5001. Coupling
Ch114 Same as C5001, RF Bypass
C5115 Same as C5035. Filter
C5116 Same as C5000, B+ Bypass
C5117 Same as C5001, RF Bypass
C5118 Same as C5063. (Supplied with Z5005) Coupling
C5119 CAPACITOR, FIXED, TANTALUM: 6.8 uf, p/o Filter CE-106
+20%; 6 vdcw; solid electrolyte,
CR5000 SEMICONDUCTOR DEVICE, DIOLw: Isolation Diode 1N463
silicon; max peak inverse volts 175 v;
max rms volts 125 v; 30 milliampere at
150°C; peak recurrent 120 ma; max surge
current 0.5 amps.
CR5001 Same as CR5000, p/o RF Quadrupler
Rectifier
CR5002 Same as CR5000. p/o RF Quadrupler
Rectifier
CR5003 Same as CR5000. p/o RF Quadrupler
Rectifier
CR5004 Same as CR5000. p/o RF Quadrupler
Rectifier
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SYM.

DESCRIPTION

FUNCTION

TMC DWG OR
PART NO.

CR5005

CRbH0U6
CR5007
CR5008

CR5009

CR5010

CR5011

CR5012

E5000

E 5001

E5002

J5001

J5002

J5003

J5004

SEMICONDUCTOR DEVICE, DIODE:
germanium; max peak inverse volts 100 v;
min forward current 20 ma; 50/ua at 50 v
max inverse current; average rectified
current 60 ma wire lead terminals.

Same as CR5005,
Same as CR5005,
Same as CR5005,

SEMICONDUCTOR DEVICE, DIODE:
silicon; voltage 5.6 vi max dynamic
resistanc% 11 ohms; max inverse current,
1 ua at 25°C, 20 ua at 150°C.

Same as CRE5000,

SEMICONDUCTOR DEVICE, DIODE:
germanium; max peak reverse volts 225 v;
min forward milliampere 1 ma,

Same as CR5000,

TERMINAL BOARD: barrier type; two
single screw terminals and feedthru solder
lugs, 6-32 thd; phenolic body.

TERMINAL BOARD ASSEMBLY, HEATER:
consists of one switch symbol no, $5003;
two heating elements symbol no, R5112,
5113; one fixed resistor symbol no, R5114:
one fixed capacitor symbol no, C5111,

(Part of Z5004) (Interchangeable with E5002)

TERMINAL BOARD ASSEMBLY, HEATER:
consists of one switch symbol no. S5002;
two heating elements symbol no. R5110,
5111; one fixed resistor symbol no, R5109;
one fixed capacitor symbol no, C5110,

(Part of Z5005) (Interchangeable with E5001)

LAMP, GLOW: 110/125 v, 1/15 watts;
midget flunge base; T-2 bulb,

Qarmao ae TENAN
oallle ds LoUUv,

CONNECTOR, RECEPTACLE, ELECTRICAL:

RF type; one round female contact; straight
type; series BNC.

CONNECTOR, RECEPTACLE, ELECTRICAL:

14 male contacts; rated at 17.0 amps,
Same as J5000,

Same as J5000.

CONNECTOR, RECEPTACLE, ELECTRICAL:

#20 female contacts; polarized, straight type:;
2000 v rms, contacts rated 7.5 amps,

RF Rectifier

RF Rectifier
p/o Phase Detector
p/o Phase Detector

Voltage Reg.

Compensator

RF Rectifier
Ext. Fade Alarm

Indicator

Heater Assy,

Heater Assy,

Drift Indicator

Fade Alarm

Inpul

Power Input

250 Kcs Osc. Output

Oven Disconnect

1N100

1N752

1IN39A

TM-100-2

A-2330

A-2330

BI-111-1

UG-625/U

JJI-200-2

JI-193-98

003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR

SYM. DESCRIPTION FUNCTION PART NO.
J5005 CONNECTOR, RECEPTACLE, ELECTRICAL:| Oven Disconnect JI-211
RF type; 1 male contact; straight type; series
BNC coaxial,
J5006 Same as J5004, Oven Disconnect
J5007 Same as J5005, Oven Disconnect
K5000 RELAY, ARMATURE: coil operating Fade Relay RL-143-1
voltage, 110 vdc; coil resistance, 9100 ohms
dc; contact rating 26.5 vdc; 3 amps, non-
inductive; double pole, double throw,
L5000 COIL, RADIO FREQUENCY: fixed; 2.5 mh, RF Choke CL-140-1
+10%; 26 ohms dc resistance; 100 ma current
rating; molded case,
L5001 Same as L5000, RF Choke
L5002 Same as L5000, RF Choke
L5003 Same as 1.5000, RF Choke
L5004 Same as L5000, RF Choke
L5005 Same as L5000, RF Choke
L5006 Same as L5000, RF Choke
L5007 Same as L5000. (Supplied with A5001) RF Choke
1.5008 COIL, RADIO FREQUENCY: tuned; 440-800 Frequency Adjust CL-283-10
uh; 11 dc resistance, (Supplied with Z5004)
L5009 COIL, RADIO, FREQUENCY: fixed; 820 uh, Frequency CL-275-821
+5%: 3.8 ohms dc resistance; 150 macurrent Compensator
rating; molded case. (Supplied with A5001)
L5010 Same as L5000, RF Choke
L5011 NOT USED.
L5012 Same as L5000, RF Choke
L5013 Same as L5000, RF Choke
L5014 DELETED
L5015 COIL, RADIO FREQUENCY: fixed; 150 uh, p/o Low Pass Filter CL-275-151
+5%: 3.3 ohms dc resistance; 315 ma
current rating; molded case. (Supplied with
A5000)
L5016 Same as L5015, (Supplied with A5000) Cathode Choke
L5017 Same as L5015, (Supplied with A5000) Cathode Choke
L5018 COIL, RADIO FREQUENCY: fixed; 18.0 uh, Frequency CL-270-18
(AFC-2A) +10%; 0.80 ohms dc resistance; molded Compensator
case. (Supplied with A5000)
L5018 COIL, RADIO FREQUENCY: fixed; 22,0 uh, Frequency CL-270-22
(AFC-3) +10%; 0.90 ohms dc resistance; molded Compensator
case, (Supplied with A5000)
7-8 003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO,
L5019 Same as L5018 for AFC -2A.
(AFC-24)
L5019 COIL, RADIO FREQUENCY: fixed; 15.0 uh, Frequency CL-270-15
(AFC-3) +10%; 0.50 ohms dc resistance: molded case Compensator
(Supplied with A5000)
L5020 COIL, RADIO FREQUENCY: fixed; 120.0 RF Choke CL-240-120
uh, +10%; 3.2 dc resistance; molded case.
L5021 Same as L5020, RF Choke
L5022 Same as L5020, RF Choke
1L.5023 Same as L5020, RF Choke
1.5024.1 CORE, TOROID: bead type; powdered iron. RF Choke CL-120-1
L.5024.,2 Same as L5024,1. RF Choke
1.5024.3 Same as L5024.,1, RF Choke
1.5024.4 Same as L.5024,1, RF Choke
L5024.5 Same as L5024.1, RF Choke
1.5025.1 Same as L5024.1, RF Choke
L5025.2 Same as L5024.1, RF Choke
1.5025.3 Same as L5024.1, RF Choke
L5025.4 Same as L5024.1, RF Choke
1.5025,5 Same as L.5024.1, RF Choke
L5026 Same as L5000, (Supplied with A5001) Cathode Choke
L5027 Same as L5000, (Supplied with A5001) Cathode Choke
L5028 DELETED
L5029 COIL, RADIO FREQUENCY: tuned: induct- Frequency Adjust CL-294
ance, 2 uh to 6 uh; +10%: 1 ohm de
resistance; 5 ma current rating; operating
frequency 10 mc; ceramic coil form; supplied
with tuning slug. (Supplied with Z5005)
L5030 COIL, RADIO FREQUENCY: tuned; 250 kc p/0 Plate Tank AC-141
operating frequency; consists of two
capacitors, one 1500 uuf and one 1000 uuf.
L5031 Same as L5030, p/o Plate Tank
L5032 Same as L5030, p/o Plate Tank
15033 Same as L5030, p/o Plate Tank
L5034 NOT USED
L5035 NOT USED
L5036 DELETED

003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.

L5037 Same as L5000, RF Choke

M5000 METER, ARBITRARY SCALE: movement Carrier Level MR-158
0-500 microamps; approximate resistance
200 ohms; multi color scale, red, yellow,
green; rectangular case.

M5001 METER, ARBITRARY SCALE: movement Drift MR-156
0-500 micro amps; approximate resistance
200 ohms; multi color scale, red, yellow,
green, green, yellow, red; rectangular case,

P5000 DELETED

P5001 DELETED

P5002 NOT USED

P5003 NOT USED

P5004 CONNECTOR, PLUG: miniature type; 9 #20 PL-189%-9P
female contacts; straight type; with cable
clamp. (Supplied with Z5005)

P5005 CONNECTOR, PLUG: RF type; 1 female PL-204
coaxial contact: straight type, series
miniature bayonet lock, (Supplied with
Z5005)

P5006 Same as P5004. (Supplied with Z5004)

P5007 Same as P5005. (Supplied with Z5004)

R5000 RESISTOR, FIXED, COMPOSITION: 270 p/o RF Attenuator RC20GF271K
ohms; +10% 1/2 watt.

R5001 RESISTOR, FIXED, COMPOSITION: 47 p/o RF Attenuator RC20GF470K
ohms; +10%; 1/2 watt,

R5002 RESISTOR, FIXED, COMPOSITION: 8200 Grid Leak RC20GF822K
ohms; +10%; 1/2 watt.

R5003 Same as R5001, Parasitic Suppressor

R5004 RESISTOR, FIXED, COMPOSITION: 1500 Voltage Dropping RC20GF152K
ohms; +10%; 1/2 watt,

R5005 Same as R5001, Parasitic Suppressor

R5006 RESISTOR, FIXED, COMPOSITION: 18000 Screen Grid RC20GF183K
ohms; +10% 1/2 watt, Dropping

R5007 RESISTOR, FIXED, COMPOSITION: 180 Cathode Dropping RC20GF181K
ohms; +10%; 1/2 watt,

R5008 RESISTOR, FIXED, COMPOSITION: p/o Decoupling RC20GF104K
100,000 ohms; +10%; 1/2 watt,

R5009 Same as R5001. Parasitic Suppressor

R5010 Same as R5008, Grid Leak

R5011 Same as R5004. Plate Dropping

003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM DESCRIPTION FUNCTION PART NO.
R5012 Same as R5001, Parasitic Suppressor
R5013 Same as R5006. Screen Grid
Dropping

R5014 Same as R5007, Cathede Dropping

R5015 Same as R5001, Parasitic Suppressor

R5016 Same as R5008, Grid Leak

R5017 Same as R5004, Plate Dropping

RHU18 Same as R5001, Parasitic Suppressor

R5019 RESISTOR, FIXED, COMPOSITION: Screen Grid RC20GF153K
15,000 ohms; +10%; 1/2 watt,

R5020 RESISTOR, VARIABLE, COMPOSITION: AGC Threshold RV106UX9B104A
100000 ohms; +10%; 1/2 watt, Adjustment

R5021 Same as R5007, Cathode Dropping

R5022 RESISTOR, FIXED, COMPOSITION: p/o Voltage Divider RC20GF474K
470,000 ohms; +10%; 1/2 watt,

R5023 RESISTOR, FIXED, COMPOSITION: p/o Voltage Divider RC20GF224K
220,000 ohms; +10%; 1/2 watt.

R5024 RESISTOR, VARIABLE: 100,000 Sensitivity RV4ATRD104B
ohms; +20%: 2 watts.

R5025 RESISTOR, FIXED, COMPOSITION: B- Dropping RC20GF334K
330,000 ohms; +10%; 1/2 watt.

R5026 Same as R5008, p/o Decoupling

R5027 RESISTOR, FIXED, COMPOSITION: 2700 Multiplier RC20GF2172F
ohms; +5%; 1/2 watt,

R5028 RESISTOR, FIXED, COMPOSITION: 12,000 Isolation RC20GF123K
ohms; +10%; 1/2 watt,

R5029 Same as R5008. Isolation

R5030 Same as R5002, Loading

R5031 RESISTOR, VARIABLE, COMPOSITION: Phase Detector RV106UX8B502A
5000 ohms; +10%; 1/2 watt, Balance

R5032 Same as R5027, p/o Divider

R5033 Same as R5027, p/o Divider

R5034 Same as R5008, Decoupling

R5035 RESISTOR, FIXED, COMPOSITION: Diode Load RC20GF475K
4.7 megonms; +10%; 1/2 watt,

R5036 Same as R5008, Voltage Dropping

R5037 Same as R5004, Plate Dropping

R5038 Same as R5001, Parasitic Supp.
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
R5039 Same as R5006, Screen Grid Dropping
R5040 Same as R5001, Parasitic Supp.
R5041 Same as R5007, Cathode Dropping
R5042 Same as R5008, Grid Leak
R5043 Same as R5004, Plate Dropping
R5044 Same as R5019, Screen Grid
Dropping
R5045 Same as R5001, Parasitic Supp.
R5046 Same as R5001, Parasitic Supp.
R5047 Same as R5007, Cathode Dropping
R5048 Same as R5008. Grid Leak
R5049 Same as R5008, p/o Voltage Div,
R5050 RESISTOR, FIXED, COMPOSITION: p/o Voltage Div. RC20GF124K
120,000 ohms; +10%; 1/2 watt,
R5051 Same as R5023, p/o Voltage Div,
R5052 Same as R5001, RF Load
R5053 Same as R5001, RF Load
R5054 Same as R5004. Plate Dropping
R5055 RESISTOR, FIXED, COMPOSITION: Decoupling RC20GF222K
2200 ohms; +10%; 1/2 watt. (Supplied
with Z5004)
R5056 RESISTOR, FIXED, COMPOSITION: Grid Leak RC20GF472K
4700 ohms; +10%; 1/2 watt, (Supplied with
A5001)
R5057 RESISTOR, FIXED, COMPOSITION: Plate Dropping RC20GF103K
10,000 ohms; +10%; 1/2 watt. (Supplied
with Z5004)
R5058 Same as R5057, (Supplied with Z5004) Plate Dropping
R5059 Same as R5001, (Supplied with A5001) Parasitic Supp.
R5060 Same as R5008. (Supplied with A5001) Grid Leak
R5061 RESISTOR, FIXED, COMPOSITION: Cathode Dropping RC20GF391K
390 ohms; +10%; 1/2 watt. (Supplied with
Z5004)
R5062 Same as R5001, (Supplied with A5001) Parasitic Supp,
R5063 Same as R5008. (Supplied with A5001) Grid Leak
R5064 Same as R5020, Drift Alarm Adj.
R5065 Same as R5008. (Supplied with A5001) Decoupling
T-12 003634003B
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R5066 RESISTOR, FIXED, COMPOSITION: B- Dropping RC20GF4747T
470,000 ohms; +5%; 1/2 watt,

R5067 Same as R5066. Coupling

R5068 RESISTOR, FIXED, COMPOSITION: Plate Dropping RC32GF2237
22,000 ohms; +5%; 1 watt,

R5069 RESISTOR, FIXED, COMPOSITION: Cathode Dropping RC20GF102K
1000 ohms; +10%; 1/2 watt,

R5070 RESISTOR, FIXED, COMPOSITION: Screen Grid Dropping RC32GF153K
15,000 ohms; +10%; 1 watt.

R5071 Same as R5068, Plate Dropping

R5072 Same as R5068, p/o Volt, Div,

R5073 Same as R5069. Cathode Dropping

R5074 RESISTOR, VARIABLE, COMPOSITION: Drift Meter Adj. RV106UX8B252A
2500 ohms; +10%; 1/2 watt,

R5075 Same as R5022, Isolation

R5076 RESISTOR, FIXED, COMPOSITION: Plate Dropping RC32GF273K
27,000 ohms; +10%; 1 watt.

R5077 RESISTOR, FIXED, COMPOSITION: p/c Divider RC32GF562K
5600 ohms; +10%; 1 watt,

R5078 RESISTOR, FIXED, COMPOSITION: p/o Divider RC32GF473K
47,000 ohms; +10%; 1 watt,

R5079 Same as R5023. p/o Time Constant

R5080 Same as R5008, Isolation

R5081 Same as R5050, B+ Dropping

R5082 RESISTOR, FIXED, COMPOSITION: Cathode Dropping RC20GF272K
2700 ohms; £10%; 1/2 watt,

R5083 Same as R5004, Plate Dropping

R5084 Same as R5001, Parasitic Supp.

R5085 Same as R5006, Screen Grid Dropping

R5086 Same as R5001, Parasitic Supp,

R5087 Same as R5007, Cathode Dropping

R5088 RESISTOR, FIXED, COMPOSITION: p/o Divider RC20GF154K
150,000 chms; +10%; 1/2 watt.

R5089 Same as R5002, p/o Divider

Ro050 Sawe as K004, Plate Dropping

R5091 Same as R5019, SG Dropping

R5092 Same as R5001, Parasitic Supp.

003634003 B
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TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
R5093 Same as R5001. Parasitic Supp.
R5094 Same as R50017, Cathode Dropping
R5095 Same as R5008. Grid Leak
R5096 Same as R5008. Diode Load
R5097 Same as R5008. Grid Leak
R5098 Same as R5004. Plate Dropping
R5099 Same as R5055. (Supplied with Z5005) Decoupling
R5100 Same as R5056. (Supplied with A5000) Grid Leak
R5101 Same as R5057. (Supplied with Z5005) Plate Dropping
R5102 Same as R5057. (Supplied with Z5005) Plate Dropping
R5103 Same as R5001, (Supplied with A5000) Parasitic Supp.
R5104 Same as R5008. (Supplied with A5000) Grid Leak
R5105 Same as R5008. (Supplied with A5000) Isolation
R5106 Same as R5001. (Supplied with A5000) Parasitic Supp.
R5107 Same as R5008. (Supplied with A5000) Grid Leak
R5108 Same as R5061. (Supplied with Z5005) Cathode Dropping
R5109 RESISTOR, FIXED, COMPOSITION: 10 Arc Suppressor RC20GF100K
ohms; +10%; 1/2 watt. (Supplied with
Symbol E5001)
R5110 HEATING ELEMENT, ELECTRICAL: Heater RR-102-1
electrical rating 115 v; 20 watts; 2 wire
lead type terminals, (Supplied with
Symbol E5001)
R5111 Same as R5110, (Supplied with Symbol E5001) Heater
R5112 Same as R5110. (Supplied with Symbol E5002) Heater
R5113 Same as R5110, (Supplied with Symbol E5002) Heater
R5114 Same as R5109, (Supplied with Symbol E5002) Arc Suppressor
R5115 Same as R5008, p/o Volt. Divider
R5116 Same as R5001, Parasitic Supp.
R5117 Same as R5001, Parasitic Supp.
R5118 Same as R5057, Isolation
R5119 Same as R5056. p/o Filter
$5000 SWITCH, ROTARY: 1 section; 2 position; Carrier Selector Sw-119
300 throw; non-shorting contacts; 1 amp,
28 volts or 5 amp at 110 volts ac,
7-14 003634003B
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
S5001 SWITCH, PUSH: ratings - 250 ma, non-induct- Drift Reset SW-296-1
ance, AC, 30 watt max SPST break before
make,
S$5002 SWITCH, THERMOSTATIC: SPST: normally Thermostat SS-106-1
closed: opening temperature 700C: electrical
ratings 230 VAC max 2.5 amp nom current
rating, 4.5 amp nom current 230 v, two
solder lug terminals, (Supplied with Symbol
E5001)
S5003 Same as $5002, (Supplied with Symbol E5002) Thermostat
TO000 TRANSFORMER, RADIO FREQUENCY: Carricr Cutput TZ 107
frequency response, 150 kc to 4 mc within
3 db; primary impedance 50 ohms: secondary
impedance 5000 ohms; polarized,
T5001 TRANSFORMER, RADIO FREQUENCY: 250 Kcs Qutput TT-163
tuned; 250 kc operating frequency; consists
of one capacitor 1500 uuf,
T5002 DELETED
T5003 TRANSFORMER, PULSE: 3 windings; p/o Phase TF-228-K15
winding no, 1, 4.7 mh; turns ratio 5:5:1. Detector
V5000 TUBE, ELECTRON: semiremote -cutoff 1st Carrier 6DC6
nentndos 7 nin mininture Amnlifier
pentode; 7 pin miniature, Amplifier
V5001 Same as V5000, 2nd Carrier
Amplifier
V5002 TUBE, ELECTRON: sharp-cutoff pentode; 3rd Carrier 6AHG6
7 pin miniature, Amplifier
V5003 Same as V5002, 2nd Low Freq.
Amplifier
V5004 Same as V5002, 1st Low Freq.
Amplifier
V5005 TUBE, ELECTRON: HF power triode; 7 pin Low Frequency 6C4
miniature. (Supplied with Z5004) Buffer
V5006 TUBE, ELECTRON: high-mu twin-triode; Product Detector 12AT7
A,B 9 pin miniature, (Supplied with Z5004) Oscillator
V5007 TUBE, ELECTRON: medium-mu triode; DC Amplifier 6UBA
A,B 9 pin miniature,
V5008 Same as V5007A,B. DC Amplifier
A,B
V5009 Same as V5002, 2nd HF Amplifier
V5010 Same as V5002, 1st HF Amplifier
Vo0il Same as Vo00d, (Suppiied with Z5003) HE Buller
V5012 Same as V5006A,B. (Supplied with Z5005) Converter
A,B Injection
Oscillator
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SYM. DESCRIPTION FUNCTION PART NO.
X15000 LIGHT, INDICATOR: with white lens; Drift Alarm TS-154-5
accepts T-3-1/4 single contact, midget
flange lamp.
X15001 Same as XI5000. Fade Indicator
XV5000 SOCKET, ELECTRON TUBE: 7 pin Socket for V5000 TS102P01
miniature,
XVv5001 Same as XV5000, Socket for V5001
XVv5002 Same as XV5000, Socket for V5002
XV5003 Same as XV 5000, Socket for V5003
XVv5004 Same as XV5000, Socket for V5004
XV5005 Same as XV5000, Socket for V5005
XV5006 SOCKET, ELECTRON TUBE: 9 pin Socket for V5006 TS103P01
miniature,
XVv5007 Same as XV 5006, Socket for V5007
XVv5008 Same as XV5006, Socket for V5008
XV5009 Same as XV5000. Socket for V5009
XVv5010 Same as XV5000. Socket for V5010
XV5011 Same as XV5000. Socket for V5011
XV5012 Same as XV 5006, Socket for V5012
X7Z5000 NOT USED
XZ5001 JACK, TIP: nominal rms voltage at 60 cps, Filter Socket for JJ-219-1-9
A,B,C,D 1250 v; 0.4 uuf; with white teflon body. Z5001
XZ75002 Same as XZ5001A,B,C,D. Filter Socket for
A,B,C,D Z5002
X75003 Same as XZ50014,B,C,D. Filter Socket for
A,B,C,D Z5003
Y5000 CRYSTAL UNIT, QUARTZ: 1.250 mc, Oscillator CR-109-1
+.002%; +170° to +80°C operating
temperature range; parallel resonance;
32 uuf, +0.5 uuf load capacitance;
fundamental operation; type HC-6/U
holder, (Supplied with A5001)
Y5001 CRYSTAL UNIT, QUARTZ: 1.500 mc, Oscillator CR-109-2
+.002%: +70° to +80°C operating
temperature range; parallel resonance;
32 uuf +0.5 uuf load capacitance;
fundamental operation; type HC-6/U
holder. (Supplied with A5001)
Y5002 CRYSTAL UNIT, QUARTZ: 10,000 mc, Oscillator CR-109-3
+.002%; +70° to +80°C operating
temperature range; parallel resonance;
32 uuf, +0,5 uuf load capacitance;
fundamental operation; type HC-6/U
holder, (Supplied with A5000)
003634003B



PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

boards A5000, £5002; other components,
symbol number C5063, 5094, 5096, 5100,
5102, 5103, 5104, 5118, L5029, R5099,
5101, 5102, 5108; V5011, V5012 P5004,
D‘“O"‘ two tube shiclds and various
insulation, metal plates and hardware,

TMC DWG OR
SYM. DESCRIPTION FUNCTION PART NO.
Y5003 CRYSTAL UNIT, QUARTZ: 10,705 mc, Oscillator CR-109-4
(AFC-2A) +,002%; +700 to +80°C operating
temperature range; parallel resonance:
32 uuf, 0.5 uuf load capacitance; fundamental
operation; type HC-6/U holder. (Supplied
with A5000)
Y5003 CRYSTAL UNIT, QUARTZ: 12.000 mc, Oscillator CR-109-5
(AFC-3) + 002 % parallel resonance:; +70° to
+80°C operating temperature range;
32uuf, +0.5 uuf load capacitance. (Supplied
with A5000)
Z2000 FILTER, CARRIER: operating freguency Tilter Carries FX-170
250,000 kc; 50 ohm input, 8.2 k ohm output
Z5001 FILTER, BAND PASS: operating frequency Filter Band Pass NF-108-705
{AFC-24) 705 ke; ilmpedance 70000 ohms; bandwidth
10 kc.
75001 FILTER, BAND PASS: operating frequency Filter Band Pass NF-108-2000
(AFC-3) 2000 kc; impedance 7000 ohms; bandwidth
34 ke,
25002 FILTER, BAND PASS: operating frequency Filter Band Pass NF-107-705
(AFC-2A) 705 kc; impedance 7500 ohms; bandwidth
12 ke,
75002 FILTER, BAND PASS: operating frequency Filter Band Pass NF-107-2000
(AFC-3) 2000 ke; 1mpedan e 7500 ohms: bandwidth
27 kc.
Z5003 FILTER, BAND PASS: operating frequency Filter Band Pass NF-110-705
(AFC-2A) 705 kc; bandwidth 25 ke; input impedance
20,000 ohms; output impedance 50 ohms,
25003 FILTER, BAND PASS: operating frequency Filter Band Pass NF-110-2000
(AFC-3) 2000 kc; bandwidth 60 kc; input impedance
20,000 ohms; output impedance 50 ohms,
75004 OSCILLATOR, RF: operating frequency Product Detector AO-109
250 kc; crystal controlled; consists of two Oscillator
terminal boards, symbol numbers A5001,
E5001; other components, symbol numbers
C505%6, 5059, 5064, 5065, 5066, 5069,
L5008, R5055, 5057, 5058, 5061, V5005,
5006A,B, P5006, 5007; two tube shields and
various insulation, metal plates, and
hardware,
Z5005 OSCILLATOR, RF: operating frequency Converter AO-112
(AFC-2A) T05kce; crystal controlled; consists of Injection
oven assembly including two terminal Oscillator
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PARTS LIST, AFC-2A,3 AUTOMATIC FREQUENCY CONTROL

SYM.

DESCRIPTION

TMC DWG OR

FUNCTION PART NO.
Z5005 OSCILLATOR, RF: operating frequency Converter AO-110
(AFC-3) 2 mc; crystal controlled; consists of Injection
oven assembly including two terminal Oscillator

boards A5000, E5002; other components,
symbol number C5063, 5094, 5096, 5100,
5102, 5103, 5104, 5118, L5029, R5099,
5101, 5102, 5108; V5011, V5012, P5004,
P5005; two tube shields and various
insulation, metal plates and hardware,

7-18
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SCHEMATIC DIAGRAMS
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