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TMC (Canada) LIMITED

TELECOMMUNICATIONS ENGINEERS

MAILING ADDRESS: R.R. No. 5, Ottawa, Ontario
A Subsidiary of The Technical Materiel Corporation, 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
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 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.

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 rerurned to TMC, unless a return authorization is issned 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

f other cause.
4 * 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:

TMC (Gomade ) LIMITED

Engineering Services Department
R.R. No.5, Ottawa, Ontario
Telegraphic Address: TEPEI, Ottawa.
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TRANSISTORIZED SSB TRANSMITTER/RECEIVER MODEL, TTR-20A



SECTION 1
GENERAL DESCRIPTION

1-1 FUNCTIONAL DESCRIPTION

a. GENERAL - The Transistorized SSB Trans-
mitter/Receiver, Model TTR-20A (figure 1-1), is a
four-channel transmitter/receiver covering the 2 to
32 MHz frequency range and having the capability of
simplex or duplex operation. The TTR-20A contains
both a fully-transistorized superheterodyne receiver,
and a fully-transistorized transmitter coupled with a
high-power vacuum-tube linear amplifier. Operating
potentials for the TTR-20A are provided by a plug-in
power supply module (refer to paragraph 1-4). For
information regarding the power-supply module, refer
0 the TPSA-20 manual.

Operating frequencies for the transmit and receive
sections of the TTR-20A are obtained from fixed-
tuned, crystal-controlled plug-in modules; TTRR
modules for the receiver section, TTRT modules for
the transmitter section. Various combinations of
these plug-in modules may be used to provide freq-
uency coverage in accordance with operating require-
ments (refer to paragraph 1-4). Field change to new
operating frequencies is easily accomplished (refer to
the appropriate TTRR or TTRT manual).

The TTR-20A is designed so that remote selection of
upper or lower sideband reception and transmission
is possible (see paragraph 1-1b). Remote selection of
transmit and receive channels and tuned antenna
circuits is also possible.

b.  OPTIONS - The TTR-20A normally provides
for transmission of USB signals only; however, it may
be modified upon special request at the time of order
or upon field modification to provide LSB signals
only, or both USB and LSB signals. To cover all
possible models, this manual describes the model
capable of transmitting both USB and LSB signals.
For units with only one sideband the transmitter
sideband selector switch must be left in the appropri-
ate position at all times.

In addition, a special transmitter 1750 kHz carrier
oscillator that will operatc over a temperature range
of - 30°C to +50°C can be provided upon special re-
quest at the time of order or upon field modification.
The carrier oscillator provided in the standard TTR-
20An operates over a temperature range of 0°C to
+50-C.

c. RECEIVER SECTION - The TTR-20A is

capable of receiving amplitude modulation equivalent
(AME), continuous wave (CW), facsimile (FAX),
frequency shift keying (FSK), modulated continuous
wave (MCW), and single sideband (SSB), transmission.
It can also receive one sideband of amplitude modula-
tion (AM) or independent sideband (ISB) trans-
mission.

NOTE

Converter equipment is required to process FAX and
FSK signals.

The receiver section uses one of eight selectable,
fixed-tuned, plug-in modules (TTRR-1A, TTRR-1B,
TTRR-2A, TTRR-2B, TTRR-3A, TTRR-3B, TTRR-
4A or TTRR-4B) for its RF section. For-information
pertaining to any of the TTRR modules, refer to the
TTRR manual. Features of the receiver section
include:

(1) High sensitivity for good reception under weak
signal conditions.

(2) A sharp cutoff bandpass filter for optimum
selectivity. .

(3) Double conversion and three tuned RF am-
plifier stages.

(4) Manual selection of LSB or USB reception.
(S) An adjustable squelch circuit that mutes the
audio output (except for the 600-ohm line output)
when no input signal is being received. This circuit
also provides an external output (for alarm purposes)
to indicate that the receiver is squelched.

(6) Two separate audio outputs; 500 milliwatts
into a 4-ohm load (built-in or external speaker) and
1 milliwatt into a 600-ohm balanced load. The
speaker output level can be varted by means of a
VOLUME control.

d.  TRANSMITTER SECTION - The TTR-20A
can transmit amplitude modulation equivalent (AME),
continuous wave (CW), facsimile (FAX), frequency
shitt keying (FSK), modulated continuous wave
(MCW), and single sideband (SSB) signals.

NOTE

Additional equipment is required to provide FAX
and FSK outpul signals.

1-1



The transmitter section uses one of five selectable,
fixed-tuned plug-in modules (TTRT-1, TTRT-2,
TTRT-3, TTRT4A or TTRT-4B) for its exciter RF
section. The linear amplifier tuning circuits employed
in the transmitter section are also contained in plug-
in modules (TTRA-1, TTRA-2, TTRA-3, TTRA4).
TTRT and TTRA modules are selected in pairs;
TTRT-1 with TTRA-1, TTRT-2 with TTRA-2,
TTRT-3 with TTRA-3, TTRT4A and TTRT-4B
with TTRA-4. Information concerning TTRA modules
can be found in this manual; for information per-
taining to the TTRT modules, refer to the TTRT
manual.

The transmitter section is designed to accept a wide
variety of audio inputs including carbon microphone,
high-impedance microphone, low-impedance micro-
phone, and 600-ohm balanced line. Provision is also
made for operation with a handset (also available
from TMC). The transmitter section contains an
audio oscillator that can be externally keyed for CW
and MCW transmission. Features of the transmitter
section include:

(1) Sharp cutoff bandpass for optimum unwanted
sideband rejection. )

(2) Manual selection of either LSB or USB trans-
mission (refer to paragraph 1-1b).

(3) Built-in power compensation circuit to prevent
transmitter overload when mode of operation is
changed.

(4) Automatic compression circuit for higher aver-
age power output.

(5) Selectable voice or push-to-talk operation of
transmitter with provision for disabling the receiver
section while transmitting (for simplex operation).
(6) A built<in meter for monitoring the linear
amplifier excitation, plate current, and RF output.
(7) An automatic high-voltage cutout circuit to
protect the linear amplifier when overload occurs.

1-2 PHYSICAL DESCRIPTION

a. EXTERNAL — The TTR-20A is normally pro-
vided in a case for mounting in a standard 19-inch

1-2

rack, but can also be provided in a sturdy metal case
for general use. Two handles are located on the front
panel for ease of handling. Dust covers protect the
unit when it is rack-mounted.

All operator’s controls are located on the front and
rear panels of the unit. All controls are described in
section 3 and illustrated in figures 2-1 and 3-1. A
removable control cover is provided to prevent in-
advertent changing of front panel control settings. On
the rear of the unit three terminal boards (TB1500,
TB1501, and TB1502), two BNC connectors (RCVR
ANT and ANTENNA jacks), and two twistlock plugs
(EXTERNAL OVEN VOLTAGE and AC INPUT)
provide for all input and output connections. Coaxial
cable assembly W900 is provided for connecting the
receiver section input to the transmitting antenna for
simplex operation.

b. INTERNAL — Most of the smaller components
in the TTR-20A are located on printed circuit boards
that are mounted to the chasses; the larger com-
ponents are chassis mounted. There are eight printed
circuit boards not including those in the TTRR and.
TTRT modules. The transmitter IF and audio boards
are mounted back-to-back on a hinged assembly that
permits the boards to swing out so that the com-
ponents of the audio board are exposed. The receiver
IF and audio boards are similarly mounted. All
printed circuit boards are located on the bottom side
of the TTR-20A chassis. Four TTRA modules are
located on the top side of the chassis. The two
vacuum tubes for the linear amplifier are located in a
compartment between the TTRA modules.

Figures 5-1 through 5-10 show the location of most
of the components in the TTR-20A.

The vacuum tube and semiconductor complement of
the TTR-20A is given in table 1-1.

1-3  EQUIPMENT SUPPLIED

Table 1-2 lists the equipment supplied with the
TTR-20A.



1-4 TECHNICAL SPECIFICATIONS
a.  RECEIVER SECTION

Frequency range

Number of channels

Tuning system

Frequency control

Types of signals

Sensitivity

Audio bandwidth
IF frequency

lmage rejection

Tetarmadilatinn
intermoduiation

AGC

Hum and noise level

Antenna input impedance

Audio cutput

2 to 32 MHz divided into four bands using the
following TTRR modules.

Band 1A: 2-3 MHz, TTRR-1A
Band 1B: 3-4 MHz, TTRR-1B
Band 2A: 4-6 MHz, TTRR-2A
Band 2B: 6-8 MHz, TTRR-2B
Band 3A: 8-12 MHz, TTRR-3A
Band 3B. 12-16 Mil. TTRR-3B
Band 4A: 16-24 MHz, TTRR4A
Band 4B: 24-32 MHz, TTRR-4B

4 (each having a separate TTRR module)

Each TTRR module is fixed-tuned to a particular
frequency within its band. The receiver section is
tuned by selecting one of the different TTRR
modules (channels).

Crystal-controlled oscillators are used throughout
the receiver section.

AME, CW, FAX, FSK, MCW, and SSB (upper and/or
lower: see paragraph 1-1b). AM and ISB signals can
also be received, but this feature is generally not
used.

1 microvolt input for 15 dB signal-plus-noise to
noise ratio.

2.7 kHz, £ 2 dB between 300 and 3000 Hz.
Single conversion to 1.75 MHz on all bands.

A minimum of 60 dB from 2 to 16 MHz, a minimum
of 40 dB from 16 to 32 MHz.

Intermodulation products are at least 35 dB below 2
100 microvolt two tone input at the antenna.

With a 100 dB increase in the signal input from 1
microvolt, the output level will not rise more than

s an
O U4b.

At least 40 dB below full output.
SU ohms (nonmunai) unbalanced.
1. 500 milliwatts into 4 ohms for built-in or external

speaker.
2. 1 milliwatt into 600-ohm balanced load.



b. TRANSMITTER SECTION

Frequency range

Tuning system

Frequency control

Types of signals transmitted

Audio bandwidth

IF frequency

Power output
Signal-to-distortion ratio
Unwanted sideband rejection
Spurious signal level

Noise level

Carrier suppression

Output impedance

c. OVERALL

Primary power input

Dimensions

Weight, uncrated

14

2 to 32 MHz divided into five bands using the
following TTRT and TTRA modules:

Band 1: 2-4 MHz, TTRT-1 and TTRA-1.

Band 2: 4-8 MHz, TTRT-2 and TTRA-2.

Band 3: 8-16 MHz, TTRT-3 and TTRA-3.

Band 4: 16-24 MHz, TTRT-4A and TTRA-4.

Band 5: 24-32 MHz, TTRT-4B and TTRA-4.

Each TTRT and TTRA module is fixed-tuned to a
particular frequency within its band. The transmitter
section is tuned by selecting one of the different
TTRT modules (channels): the corresponding TTRA
module is selected automatically.

Crystal-controlled oscillators are used throughout the
transmitter section.

AME, CW, FAX, FSK, MCW, and SSB (upper and/or
lower: see paragraph 1-1b).

2.7 kHz £ 2 dB between 300 and 3000 Hz.

1.75 MHz on all bands.

100 watts PEP; 50 watts CW.

35 dB minimum at full PEP output.

40 dB minimum at full PEP output.

Down a minimum of 50 dB at full PEP output.
Down a minimum of 40 dB at full PEP output.
Automatically preset at -50 dB, -20 dB, or -6 dB from

sideband envelope power depending upon operating
mode selected as follows:

CW and SSB -50 dB
-20dB -20dB
AME and MCW - 6dB

50 ohms (nominal) unbalanced into a load with up to
3.1 VSWR.

TPSA-20: 104/115/208/230 volts, 50400 Hz, single
phase, ac power.

Length: 16 1/2 inches
Width: 19 inches
Height: 10 1/2 inches

65 pounds (rack mounted version only).



TABLE I-1 VACUUM TUBE AND SEMICONDUCTOR COMPLEMENT

l Reference Designation Type Function
§ :
i
1 RECEIVER IF BOARD A10713 |
| CRI1401 and CR1402 IN34A Sideband switches

CR1403 IN34A Directional protection

CR1403 and CR1405 IN34A 1 AGC rectifier

|
!

CR1406 i IN753A i Voltage regulator

Q1401, 01402, Q1403 and Q1404 | MPF105 Buffer amplifiers i

Q1405 2N3906 Emitter follower

Q1406 MPF105 AGC dc amplifier

U1401 and U1402 MC1550 IF amplifiers

U1403 MC1550 Product detector

U1404 CA3028 AGC amplifier
! GRID METERING BOARD A10595

CR1500 1N463 Rectifier
b R
i i

OUTPUT METERING AND ALDC

' BOARD A10596 |
5 .i
| CRIS6l | IN34A Rectifier
I — L
| |
| MAIN CHASSIS g
| CR1501 | DDI22 i Rectifier, ledex power !
| | !
l V1500 i 6GK6 & Intermediate power amplifier
! ]
I V150! i 8117 Power amplifier
; RECEIVER AF BOARD A10541 1
L Qiei3 | IN1370-4 Phase inver ter i
i | |
| QI614and Q1615 | 2N13704 2nd audio amplifier |
: ! |
I |
; Ql6l6and Q1617 ' 2N1039 Audio power amplifier ‘.
o | |
i QiLLy : i i

INi370-4

Line ampiifier

1-5



TABLE 1-1 VACUUM TUBE AND SEMICONDUCTOR COMPLEMENT (continued)

Q1619 and Q1620 2N1370-4 S quelch signal amplifier

Q1621 2N2001 Relay driver

TRANSMITTER AF BOARD A10540
CR1701 and CR1702 IN34A Anti-vox detector
CR1703 and CR1704 IN34A VYox detector

|‘ CR1705 IN34A Relay suppressor

Q1701 2N1308 Anti-vox amplifier
Q1702 2N1370-4 Audio amplifier
Q1703 2N1370-4 Line amplifier
Q1704 2N1370-4 Emitter follower
Q1705 2N1370-4 Vox amplifier
Q1705 2N1308 DC amplifier
Q1707 2N1370-4 DC amplifier
Q1708 2N2001 Relay driver

TRANSMITTER IF BOARD A10603
CR1801 to CR1804 IN34A Balanced modulator
CR1805 to CR1808 IN34A Balanced modulator
Q1801 2N3904 Ist IF amplifier
Q1802 2N3904 2nd IF amplifier
Q1803 2N3904 ALCD amplifier
Q1804 MPF104 Buffer amplifier
Q1805 and Q1806 MPF104 RF switches
Q1807 MPF104 Carrier switch
Q1808 MPF104 Notch switch

1-6




TABLE 1-1 VACUUM TUBE AND SEMICONDUCTOR COMPLEMENT (continued)

PREAMPLIFIER AND CW
OSCILLATOR BOARD A10598

CR1901 IN758A Voltage regulator

Q1901 MPF104 CW oscillator

Q1902 MPF104 Preamplifier

Q1903 2N3904 Buffer amplifier

TABLE 1-2 EQUIPMENT SUPPLIED
NAME DESIGNATION FUNCTION QTY.

Transistorized SSB TTR-20A Communications transmitter 1
Transmitter/Receiver \ and receiver.
RF connector plug UG88/U f For antenna connection 1
Power cable assembly CAS554 For input power connection 1
AC connector plug PL176 ’t 1
Fanning strips TM105-11AR i Aid for rear panel wiring 1

Service extension module

Technical manuals

TM10S8-12AL

AX10043

IN1004D

Aid for adjustment of TTRR
and TTRT modules

Instructions for operation and

P T T T
ildifitenance

|
i

i
I
!
|
|

[\)

rJ



SECTION 2
INSTALLATION

2-1 UNPACKING AND HANDLING

The TTR-20A is shipped from the factory in a
wooden crate to ensure maximum protection trom
damage in transit. The inside of the crate contains
additional packing material to protect the unit not

only from breakage due to shock, but also from the
elements. The onn:pmpnf enr\n]wd with fhP TTR- ')OA

CiCIiviite,. 1kl

(table 1-2) is packed in the box as loose items.

As soon as the TTR-20A is unpacked, it should be
visually inspected to make sure that it is not damaged.
This examination should include the testing of each
front panel control. All of the covers on the unit
should be removed, and the inside of the unit
checked carefully for damaged components and
loose items.

With respect to damage to the equipment for which
the carrier is liable, TMC ( Canada) Limited will
assist in describing methods or repair and furnishing
of replacement parts.

2-2  POWER REQUIREMENT

a. MAIN POWER — The TTR-20A is operated
with a TPSA-20 power supply module. If the
TTR-20A is to be operated from a source other than
that for which the power supply is wired, the power
supply module must either be modified or replaced.
Modification instructions are provided in the TPSA-20
manual.

b. OVENPOWER - If ovens are used in the TTRT
Ll TR 11 T P S A 7S ¢ 1)
dIlU 1 1INV HHOUUIEd, LIC VULLGET Ldtlilg Ul uliv uvel
must be the same as the main power input, or an
external oven supply is required. It is most important
to make sure tbe oven supply is correct before

2-3  EQUIPMENT LOCATION

Before installing the TTR-20A, consideration must be
T

A ite lacation
1oCanien.

given to its wo factors are important:

a. ACCESSIBILITY — The TTR-20A should be

jocated so that there s sufficient clearance for
insertion and icinovai
TTRT, TTRA, and 1I’SA-20). Also, sufficicnt space
for fuse replacement and accessibility to rear-panel
controls is required.

~ ' . 1 /TR
Ui Pnig,‘i“ HICUUREY (1 1NN

b.  VENTILATION - Although the majority of
TTR-20A components are solid-state and do not
require ventilation, the vacuum tube linear amplifier
requires that air flow not be restricted immediately
above or below the unit. If the air flow is restricted,
serious damage to the linear amplifier may result.

2-4 ELECTRICA

@)
2
z
»n
-
>
2
=
>
o
S
z

The only considerations for electrical installation are
that the proper power-supply module is used and that

external equipment is connected in accordance with
the following paragraphs. Refer to figure 2-1.

a.  ANTENNA — The TTR-20A requires a 50-ohm
unbalanced antenna with a coaxial-cable lead-in for
simplex operation, This antenna is connected to the
ANTENNA jack on the rear panel. In addition,
coaxial-cable assembly W900 should be connected
from jack J902 to the RCVR ANT jack J1502.

For duplex operation, two 50-ohm unbalanced an-
tennas with coaxial-cable lead in are required. The
transmitting antenna is connected to the ANTENNA
jack and the receiving antenna is connected to
RCVR ANT jack J1502. Coaxial-cable assembly
W900 is not used for duplex operation.

b, AUDIO INPUT (600-OHM LINE) -- Terminals
1 and 3 of terminal board TB1500 are used to
connect a 600-ohm input line. If the 600-ohm line is
balanced, terminal 2 to TB1500 shouid be grounded.

c. MICROPHONE INPUTS - Terminals 4, S and

CYYANTINCTY

6 of HANDSET jack J1515 aie provided for carbon
microphone between ground (terminal 1 on J1515)

and the appropriate terminal.

d. PUSH - TALK -
switching dcwcc between ground and terminal S

of TB1500.

Connect a push-to-talk

e. KEYING INPUT - Terminal 11 of terminal

haned TDI1LNN e nnnnmnnntina ~F o bLaules cigna
board TB1500 is for connection of a ]x\\._yux"’ ongua}

for CW and MCW transmission.
f. REMOTE SIDEBAND CONTROL

(1) TRANSMIT For modeis of the
TTR-20A capable of transmitting both USB and LSB
signals, connect a USB/LSB switching device (any

2-1



SPST switch) between ground and terminal 6 of
TB1500.

(2) RECEIVE — Connect a USB/LSB switch-
ing device (SPST switch) between ground and term-
inal 10 of TB1501.

NOTE

Remote sideband control of both the transmit and
receive section is possible from one SPST switching
device.

g 600-OHM AUDIO OUTPUT - Connect a 600
ohm audio load between terminals 1 and 3 of terminal
block TB1501. If the load (telephone line, speaker,
frequency shift converter, etc.) is balanced, ground
should be connected to terminal 2. If the 600-ohm
output is not used, it should be terminated with a
600-ohm resistor.

h.  4OHM AUDIO OUTPUT -- Remove the jumper
between terminals 8 and 10 of terminal board
TB1501; this disables the internal speaker. Connect a
4-ohm audio load between ground and terminal 8 of
TB1501.

i REMOTE XMTR ON/OFF CONTROL - Con-
nect a switching device between ground and terminal
8 of TB1500. Ground at terminal 8 engerizes the
high-voltage control relay in the power supply.

j- AQUELCH ALARM — Terminals 4, 5, and 6 of
TB1501 are provided for attachment of a squelch-
indicating device. For an alarm indication when the
receiver is squelched, make connections between
terminals 4 and 5. For alarm indications when the
receiver is not squelched, make connections between
terminals 5 and 6.

2-5 PERFORMANCE CHECK

Immediately after the TTR-20A has been installed,
it should be checked for proper operation as follows:

a. RECEIVER SECTION — The receiver section is

checked by attempting to receive signals on each of
the four channels; LSB and USB reception should
also be checked. When signals are received, the
operation of the VOLUME and SQUELCH controls
should be checked.

b.  TRANSMITTER SECTION

2-2

NOTE

For the following tests a 50 ohm, 100 watt dummy
load should be connected to the ANTENNA jack.

(1) Select the AMR, -20 DB CARRIER, or
SSB mode, and check voice mode operation using all
possible audio inputs. The EoRF scale of the front-
panel meter can be used to indicate that the signal is
present at the antenna output. The channel used is
not important in this test. Check the XNTR AF GAIN
control for proper operation as indicated by a varia-
tion in the meter reading.

(2) Repeat step (1) for each of two modes
not selected in step (1) using any one of the audio
inputs.

(3) For models of the TTR-20A designed to
transmit both USB and LSB signals complete step (1)
for both sidebands.

(4) Check operation as in step (1) for both
the CW and MCW modes using an external key.

(5) Check operation as in step (1) for each of
the five channels.

(6) Check the VOX circuit as follows:
(a) Set PTT/VOX switch at VOX.

(b) Turn VOX GAIN control fully counter-
clockwise.

(c) Turn ANTI-VOX control fully counter-
clockwise.

(d) Select the AME, -20DB CARRIER, or
SSB mode.

(e) Apply the normal audio input; XMTR
AF GAIN must be set for normal operation.

(f) Rotate the VOX GAIN control slowly
clockwise. A point should be reached where a click
will be heard, which is the transmit/receive relay
energizing.

NOTE

Be sure to set the VOX GAIN and ANTI-VOX
controls according to the applicable operating pro-
cedure given in section 3 before using the TTR-20A
for transmitting.
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SECTION 3
OPERATOR’S SECTION

3-1 CONTROLS AND INDICATORS

Before attempting to operate the TTR-20A, the
operator should become familiar with the controls
and indicators listed in table 3-1. These are shown
in figure 3-1. The type and purpose of each control
is described in the table. It is important to stress that
these descriptions are not operating instructions. For

specific operating instructions, see paragraph 3-2.

NOTE

Operating instructions for the TTRR and TTRT
modules are included in this section as part of the
overall operating procedure tor the TTR-20A.

3-2 OPERATING PROCEDURES
NOTE

Almost all operating controls are protected by a con-
trol cover (sce figure 1-1). To remove this cover, slide
both catches up and lift off the cover. To prevent
inadvertent changing of control settings, it is good
practice to keep the cover on at all times except
when adjusting the controls.

a. RECEIVING

(1) TYPES OF RECEPTION — The TTR-20A
can receive AME, CW, GSK, MCW, and SSB signals
and also one sideband of AM and ISB transmission.
All of the above signals are received as if they were
SSB transmissions. Procedures for receiving each of
the signals are given in the following paragraphs.

(2) VOICE RECEPTION - The following
procedures describe the reception of voice signals that
are transmitted as AME of SSB. It is possible also to
receive one sideband of AM or ISB transmission using
the same method.

(a) Set controls at position given below.

CONTROL SETTING
RCVR switch Sideband to be received,
Iithe aideband ta he re-
ceived is not known, set

at USB/REMOTE. If
the sideband is to be
sclected remotely, sct
at USB/REMOTE.

RECEIVER CLARIFIER
VOLUME control

LOCAL/REMOTE
switch

RECEIVER CHANNEL
switch

Any control
Fully counterclockwise.

Depending on type of
operation desired.

When the LOCAL/RE-
MOTE switch is set to

LOCAL, select the
channel to be received,
unless it is desired that
the channel be selected
by the TRANSMITTER
CHANNEL SWITCH.

SQUELCH control Fully clockwise.

Power switch REC or XMIT/REC de-

pending upon type of
operation desired.

(b)Y Turn VOLUME control clockwise until
a comfortable signal level is obtained.

NOTE

If no signal is obtained, reduce the volume and set
RCVR switch at LSB.
Repeat step (h).

(¢) Adjust RECEIVER CLARIFIER control
for maximum voice clarity.

{d) Adjust SQUELCH control by waiting
until no signal is being received, and then turning the
control slowly counterclockwise until the noise from
the speaker disappears.

(3) CW AND MCW RECEPTION — CW and
MCW signals are received in exactly the same manner
as voice signals (paragraph 2). For these signals,
however, the RECEIVER CLARIFIER control is used
to vary the pitch of the audio tone.

NOTE
In CW operation, the receiver channel frequency must

be displaced slightly (300 to 3000 Hz) from the
transmitted signal.

3-1



TABLE 3-1 CONTROLS AND INDICATORS
ITEM DESIGNATION FUNCTION
(Fig. 3-1)

1 VOLUME control (R1515) Controls the loudspeaker audio output of the receiver|

2 ANTI-VOX control (R1517) Adjusts the anti-vox input to the transmitter from the
audio output from actuating the VOX circuit.

3 PA METER switch (S1511) Permits the front panel meter to indicate power
amplifier tube gird RF voltage, power amplifier tube
plate current, or transmitter output RF voltage.

4 RCVR sideband switch (S1503) A two-position rotary switch that selects reception of
either LSB or USB signals.

When the RCVR switch is set at USB/REMOTE,
either LSB or USB reception can be selected remotely

5 SIMPLEX/DUPLEX switch (S1506) When set at SIMPLEX, the receiver section of the
TTR-20A is disabled when the transmitter is keyed;
when set at DUPLEX, the recziver can operate even
though the transmitter is keyed.

6 SQUELCH control (R1518) Selects the RF input level required to disable the
speaker and anti-vox outputs of the receiver.

7 POWER lamp (DS1500) Lights when primary power is applied to the low
voltage power supply.

8 MODE switch Selects mode of operation of the transmitter.
Operation in the CW, SSB (suppressed carrier), -20DB
(SSB with reduced carrier), AME, or MCW mode can
be selected.

9 PTT/VOX switch (S1501) Selects either voice-actuated or push-to-talk keying of
the transmitter.

10 XMTR sideband switch (S1502) Selects either upper sideband or lower sideband trans-
mission on models of the TTR-20A that provide both.
When set at USB/REMOTE, the sideband to be trans-
mitted amy be selected at a remote location.

11 XMTR AF GAIN control (R1514) Adjusts the gain of the audio amplifier stage of the
transmitter.

12 VOX-GAIN control (R1513) Selects audio level required to key transmitter when
PTT/VOX switch is set at VOX.

13 PA OVLD circuit breaker (CB1500) Controls application of power to the linear-amplifier

stages; removes power to these stages when power-
amplifier tube plate current is excessive.




TABLE 3-1 CONTROLS AND INDICATORS (continued)

ITEM

DESIGNATION

FUNCTION

—
N

16

17

19

SN

OFF / REC / XMIT/REC switch

VA IRAN i1 L%

Front panel meter (M1500)

HANDSET jack (J1515)

RECEIVER CHANNEL switch (S1517)

TRANSMITTER CHANNEL switch
(S1508)

RECEIVER CLARIFIER control

PA 1b ADJ (R1500)

ALDC ADJ (R1545)

CLIPPER IN/OUT (S1504) |

LOCAL/REMOT (S1518)

EXT/INT ALDC (S1519)

When set at OFF, removes power from all TTR-20A
circuits except TTRR and TTRT ovens; when set at
REC, turns on low voltage power supply, permits
remote transmitter ON/OFF control; when set at
XMIT/REC, turns on low voltage power supply and.
in conjunction with PA OVLD circuit breaker, linear
amplifier operating power.

Indicates power-amplifier tube grid RF voltage,
power amplificr tube plate current, or transmitter
output RI voitage as sclected by PA METER switch.

Permits connection of microphone.

Selects frequency of reception provided the LOCAL/
REMOTE switch is in the LOCAL position. When set
at T, TRANSMITTER CHANNEL switch selects
frequency of reception.

Selects frequency of transmission provided the
LOCAL/REMOTE switch is in the LOCAL position.
Selects frequency of reception when RECEIVER
CHANNEL switch is set at T. ‘

Permits fine tuning of receiver.

Adjusts the bias voltage applied to the grid of the
power amplifier.

Adjusts the automatic loading and drive circuit dc
signal applied to the transmitter IF board. The dc
signal is derived from the transmitter antenna i
output and is used to prevent excessive IF signals !
from overloading the power amplitiers. ‘

Controls the operation of the clipper circuit. With

the switch set to the IN position. the chipper circuit
limits high modulation peaks permitting higher !
average oulput power for voice transmission.

Controls channel selection. With the switch in the
LOCAL position, transmit and receive channels
may be selected using the RECEIVER CHANNEL
and TRANSMITTER CHANNEL switches. In the
REMOTE position. channei selection is controlled
remotely.

|
i
|
|

Selects either an ALDC signai from some externai
source of the ALDC signal provided in the TTR-20A.

i
i
'
{
i
i
i
i
i

{
i
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(4) FAX RECEPTION In receiving fac-
simile, the setting of the RECEIVER CLARIFIER
control is critical. Proceed as follows:

Depress push-to-talk switch on microphone, and
supply audio signal to the transmitter. For CW or
MCW operation, close telegraph key.

(5) Adjust XMTR AF GAIN control until
meter indicates 125 mA on peaks.

(6) If VOX operation (voice operated ex-
citation) is desired, set PTT/VOX switch at VOX and
adjust VOX-GAIN control until transmitter is turned
on when audio is applied.

NOTE
If audio from the loudspeaker actuates the VOX
circuit, rotate ANTI-VOX control clockwise until
transmitter is unkeyed when no external audio is

applied.

(7) If remote transmitter on/off control is
desired, set OFF /| REC / XMIT/REC switch at REC.

3-3 CHANGING PLUG-IN MODULES

(a) CHANGING TTRR AND TTRT MODULES

NOTE
When a change in a TTRT module results in a change
in the frequency band, the corresponding TTRA
module must aiso be changed (refer to paragraph b).
CAUTION

Be sure to deenergize the unit before changing TTRT
modules. Serious damage to the modules can result if
the unit is not deenergized.

(1) Deenergize TTR-20A.

(2) Loosen snapslides located on top and

bottom of module to release module (snapslides on
TTRR slide to left; snapslides on TTRT slide to right).
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(3) Pull module out of unit. A knob is provid-
ed in the center of the module for this purpose.

CAUTION

Before continuing, be sure that the voltage rating on
the crystal oven (if used) in the module to be inserted
is the same as the voltage rating for the crystal oven
in the module just removed.

(4) Insert new module.

(5) Secure snapslides to lock module in place.

b.  CHANGING TTRA MODULES — Gener-
ally, when a TTRT module is changed in one of the
channels of the transmitter section, the TTRA
module for that channel must also be changed unless
the new TTRT module covers the same frequency
band as the TTRT module it replaces.

NOTE

The linear amplifier of the transmitter section must
be aligned after changing TTRA modules (refer to
paragraph 5-7¢).

To change a TTRA module, proceed as follows:

(1) Deenergize the TTR-20A.
WARNING

Dangerously high voltage is present near the TTRA
modules whenever the transmitter section is energized.
Be sure to deenergize the unit and use a grounding

stick before proceeding.

(2) Lift module out of unit using the two
knurled knobs on module for handles.

(3) Carefully insert new module.
(4) Align linear amplifier in transmitter sec-

tion for new TTRA module according to paragreph
5-7Tc.



(a) Turn receiver on and set controls at
positions given below.

CONTROL SETTING

Sideband to be received. If
sideband to be received is
not known, set at USB/
REMOTE. If the sideband is
to be selected remotely, set
at USB/REMOTE.

RCVR switch

RECEIVER CLARIFIER Any
control

VOLUME control Fully counterclockwise.

LOCAL/REMOTE Depending on type of oper-
switch ation desired.

RECEIVER CHANNEL  When the LOCAL/REMOTE
switch switch is set tc LOCAL,

select the channel to be
received, unless it is
desired that the channel be
selected by the TRANS-

MITTFR CHANNEL SWITCH.

SQUELCH control Fully clockwise.

REC or XMIT/REC depend-
ing upon type of operation
desired.

Power switch

(b) Turn VOLUME control clockwise until
a comfortable signal level is obtained.

NOTE

If no signal is obtained, reduce the
volume and set RCVR switch at LSB.
Repeat step (b). '

s/ N o~ [ o Y o W O By ~ - N
{¢) Comnect 600-ohm line cutput of receiver
to vertical input of an oscilioscope.

(d) Connect an audio oscillator to horizontal
input of oscilloscope.

{e) Set vscillator fiequency at 1500 Hz.

(f) Adjust RECEIVER CLARIFIER control
to obtain an unsteady, but circular (1:1) Lissajous
pattern.

NOTE

A similar pattern, corresponding to the
other limit of shift of the picture, will
be ohtained if the oscillator frequency

is set at 2300 Hz.

(5) FSK RECEPTION. — In receiving frequency
shift signals, the setting of the RECEIVER CLARI-

FIFR contml 1s cnitical. The procedure given below

is one method of tuning the receiver for FSK recep-
tion. Most FSK converters have built in indicating
devices that allow accurate receiver tuning without the
necessity for an external scope and oscillator.

(a) Tumn receiver on and set controls at
position given below.

CONTROL

SR I

SETTIN

Sideband to be received. If
the sideband to be received
is not known, set at USB/
REMOTE. If the sideband is
to be selected remotely, set
at USBR/REMOTE.

RCVR switch

RECEIVER CLARIFIER Any
control

(b) Connect 600-ohm line output of receiver
to vertical input of an oscilloscope.

(c) Connect an audio oscillator to horizontal
input of oscilloscope.

(d) Set oscillator frequency at the mark
frequency. This frequency is generally 2125 Hz, but
another is sometimes specified.

(e) Adjust RECEIVERCLARIFIER control
to obtain an intermittent, but circular (1:1) Lissajous
pattern. This corresponds to a mark.

NOTE

A similar pattern can be obtained if the
oscillator is set at the space frequency
(generally 2975 Hz).

b. TRANSMITTING. — Proceed as follows:

(1) Set controls as shown in table 3-2.

NOTE
1f andio clipping is desired, the
CLIPPER switch on the rear of the
TTR-20 should be set at IN. Audio clip-
ping should not be employed for CW,
MCW, FSK or FAX transmissions.

(2) Set OFF / REC / XMIT/REC switch at
XMIT/REC.

Nt
%]
a

-
o]

~~

other audio source
does not have a push-to-talk switch,
terminal 5 on TB1500 must be grounded.
If this terminal has been permanently
grounded, do not leave the PTT-VOX
switch at its PTT position for more than

~ Enegs mm ek
a (@W minuils.
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TABLE 3-2 TRANSMITTER CONTROL SETTINGS

CONTROL

SETTING

LOCAL/REMOTE switch

TRANSMITTER CHANNEL switch

(when LOCAL/REMOTE switch is

set to LOCAL)

SIMPLEX/DUPLEX switch

CW/SSB/-20DB CARRIER/AM/MCW/ switch

XMTR switch (when applicable)

ANTI-VOX control
VOX-GAIN control
XMTR AF GAIN control
PA METER switch

PA OVLD cirquit breaker

To select type of operation desired.

To correspond with TTRT that includes desired
operating frequency.

To select type of operation desired.

To select mode of operation desired.

At LSB for locally controlled lower sideband
operation; at USB/REMOTE for locally
controlled upper sideband operation or remote
sideband control.

Maximum counterclockwise.

Maximum counterclockwise.

Maximum counterclockwise.

1b

Down
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FIGURE 3-1.

FRONT PANEL CONTROLS AND INDICATORS, TTR-20A



SECTION 4

PRINCIPLES OF OPERATION

41 GENERAL

The TTR-20A comprises five major assemblies: main
chassis assembly, lincar amplifier, receiver module
(TTRR), transmitter module (TTRT) and power
supply (TPSA-20). Circuit analysis for the TTR-20A
is outlined in the following paragraphs. Detailed
analysis for the TTRR, TTRT and TPSA-20 can be

found in the appropriate manuai.
42 RECEIVER SECTION (Refer to figure 4-1)

a. INPUT CIRCUITS - The RF input to the
receiver section is provided through RCVR ANT jack
J1502 and applied to the wiper of S1507. In duplex
operation the front panel switch S1517 (RECEIVER
CHANNEL switch) positions the control wafer of
S1507. A Ledex motor positions the wiper of S1507
to connect the RF input to one of the TTRR
modules. Additional sections of S1507 provide opera-
ting voltages and a delayed AGC signal to the TTRR
module. In simplex operation, S1517 is set to the
“T position and the TRANSMITTER CHANNEL
switch S1516 controls the positioning of the S1507
control wafer.

b. TTRR MODULE - The TTRR module amplifies
the RF signal and converts it to the IF frequency.
The carrier frequency of the IF output is 1.75 MHz.

c. RECEIVER IF BOARD - The IF signal from the
TTRR module is provided to isolation buffers Q1401
and Q1403. The signal from Q1401 goes to filter
FL1401 which has a2 bandpass of 1747.000 to
1749.700 kHz, and then through isolation buffer
Q1402 and switch CR1401 to the first |F amplifier
U1401. The signai from Q1403 goes to fiiter FLi1402
which has a bandpass of 1750.300 to 1753.000 kHe,
and then through isolation buffer Q1404 and switch
CR1402 to the first IF amplifier U1401l. Thus,
depending upon the condition of switches CR1401
and CR1402, either a lower sideband signal (from
FL1401) or an upper sideband signal (from FL1402)
is applicd to the IF amplifier.

NOTE
Since the RF input to the TTR-20A is inverted by

the TTRR moduie, ihe signal provided to ihe 1ecerver
IF board is opposite in sideband to the RF input.

Hence for operation of the TTR-20A in USB mode,
the input to the receiver IF board is a LSB signal,
and vice versa.

For operation in USB mode, switch CR1401 is turned
“on” by the +12 Vdc USB supply input to the
receiver IF board. Hence the LSB input signal (passed
by filter FL1401) is applied to amplifier U1401.
Simiiarly, fot opetaiion in LSB mode, swiich CR1402
is turned “on” by the +12 Vdc LSB supply input to
the receiver IF board, and the USB input signal
(passed by filter FL1402) is applied to IF amplifier
U1401.

The output from the first IF amplifier U1401 passes
through a second IF amplifier U1402 and product
detector U1403. The product detector is also provided
with a BFO input from the transmitter IF board
(refer to paragraph 4-3¢). The IF input and BFO
signal beat together in the product detector to derive
the audio information from the IF signal. This audio
signal then forms the audio output, the signal level
being set by the line level control R1431.

The output from product detector U1403 is also
provided through AGC amplifier U1405 to rectifier
CR1404-CR1405. The dc output from the rectifier
is amplified by Q1406, passes through emitter follower
Q1405 and provides the AGC output. This AGC
signal is fed back to the RF amplifier in the TTRR
module through switch S1507. In addition, it is
provided to the receiver AF board.

d. RECEIVER AUDIO BOARD - The receiver IF
board audio output is supplied to line amplifier
Q1618 which provides the balanced 600-ohm line
output to TB1501, terminals i, 2 and 3.

The output from VOLUME control R1515 is supplied
through phase inverter Q1613 and audio amplifier
Q1614 and Q1615, to the push-pull power amplifier
Q1616 and Q1617. The audio amplifier is a dif-
ferential ampiifier which converts the single-ended
signal to a balanced signal for the push-pull amplifier.
The output from the power amplifier is supplied
through a contact of squelch relay K1601 (when
K1601 is energized) to terminal ¥ of TB1501. This is
normally jumpered to terminal ¢ to connect the
audio output to speaker LS1500. The audio output
from the receiver audio board is also provided to the
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transmitter section as an anti-vox signal. The anti-vox
signal is used to prevent the speaker output from
keying the transmitter.

The squelch relay K1601 is controlled by the delayed
AGC signal from the receiver IF board. This signal is
supplied to bistable amplifier Q1619 and Q1620 and
then through relay driver Q1621 to relay K1601.
When an RF signal is being received, the bistable
amplifier is held in its unsquelched state by the AGC
voltage and the relay driver is on. When the signal
level decreases, the AGC voltage drops. At a point
selected by SQUELCH control R1518 the bistable
amplifier changes to its squelched state and the relay
driver turns off.

When K1601 is de-energized, the audio output is
connected to the speaker terminal and anti-vox
circuit. When K1601 is energized, the audio output is
disconnected from the speaker terminal and anti-vox
circuit, and is connected to dummy load R1660. The
other set of contacts of relay K1601 can be used to
provide squelched and non-squelched indications for
external alarm circuitry.

e. POWER SUPPLY - The operating voltages for
the receiver section are +12 V dc and -12 V dc. The
TTRR modules operate with +12 V dcand +12 V dc
REC. The +12 V dc is always present but the +12V
dc REC is present in duplex operation and in simplex
operation only when the transmitter is not keyed.
The receiver audio board is supplied with +12 V dc
and -12 V dc continuously when the TTR-20A is
energized.

43 TRANSMITTER SECTION (refer to figure 4-3)

a. INPUT CIRCUITS - The input to the trans-
mitter section may be provided from the 600-ohm
line, a carbon microphone, a low impedance micro-
phone or a high impedance microphone. Any one of
the microphones can be connected into HANDSET
jack J1515 on the front panel fo the TTR-20A. The
600-ohm line input and the carbon microphone input
are supplied directly to the transmitter audio board.

The high impedance microphone input and low
impedance microphone input are supplied to the
transmitter audio board through the audio pream-
plifier and CW oscillator board.

b. AUDIO PREAMPLIFIER AND CW OSCIL-

LATOR BOARD - The high impedance microphone
input and low impedance microphone input are

42

supplied to preamplifier Q1902 and buffer amplifier
Q1903. The output from the buffer amplifier is
supplied to the transmitter audio board.

When the CW or MCW mode is selected by mode
switch S1505, +12 V dc is supplied to CW oscillator
Q1901. The oscillator then supplies an audio tone to
the buffer amplifier, provided an external keying
signal connected to TB1501 (terminal II) is present.

c. TRANSMITTER AUDIO BOARD - AUDIO
STAGES - The 600-ohm line input is amplified by
line amplifier Q1703 and supplied as an audio output
to the transmitter IF board and to VOX GAIN
control R1513.

The carbon microphone input or audio signal from
the preamplifier and CW oscillator board provides
the input to audio amplifier Q1702. The audio output
from this amplifier is also supplied to the transmitter
IF board and VOX GAIN control R1513.

The XMTR AF GAIN control R1514 controls the
gain of both the line amplifier and audio amplifier.
The CLIPPER switch S1504 permits the insertion of a
compression circuit, described below, that prevents
abnormally high inputs from overmodulating the
exciter. By flattening the sharp peaks of the input
signal, the compression circuit increases the average
sideband power generated.

With S1504 set at OUT, +12 V dc is supplied
directly to the emitter resistor of both transistors
Q1702 and Q1703. The emitter resistors establish an
operating point for each transistor that is in the
center of the transfer curve for each transistor. Thus,
provided the input signal does not overdrive the stage,
the amplification of the stage is linear. With $1504
set at IN, +12 V dc is supplied through CLIPPING
ADJ R1719 to the emitter resistors of both transistors.
The additional resistance shifts each operating point
down the transfer curve towards the cutoff region.
The amount that the operating point is shifted is
determined by the clipping adjustment. The operating
point is selected so that abnormally high input
amplitudes and voice peaks drive the transistors into
the nonlinear amplification region. As a result, these
signals are compressed. The amount of compression
is determined by the setting of the clipping adjustment.

d. TRANSMITTER AUDIO BOARD - VOX AND
ANTI-VOX STAGES - The vox stages permit input
controlled operation of the transmitter by energizing
the exciter output stages only when an audio input



is present. The anti-vox stages prevent the receiver
section output from keying the exciter if the output
of the speaker is picked up by a microphone
connected to the exciter.

+ af tho aundin ota 3
t Of tnC audo stages is suppa VOoX

Tha ~riten
1V vulpu
detector CR1704 through VOX GAIN control R1513,
emitter follower Q1704, and vox amplifier Q1705.
The vox detector produces a positive dc voltage that
is proportional to the magnitude of the vox signal.
In the CW and MCW modes the oscillator signal
produces the dc voltage. When a microphone is used,
however, the dc voltage can be produced either by
the signal intended for transmission, or by the output
of the receiver speaker unintentionally picked up by
the microphone.

To prevent the output of the speaker from keying
the exciter, the output Sof the receiver section is
supplied to the transmitter section as an anti-vox
input. This signal is supplied to anti-vox detector
CR1701 through ANTIVOX control R1517, and
anti-vox amplifier Q1701; the anti-vox signal can be
monitored by phones connected to J1515. The
antivox detector produces a negative voltage that is
proportional to the magnitude of the anti-vox signal.

The outputs of the vox and anti-vox detectors are
added algebraically at the input to dc¢ amplifier
Q1706. When the vox detector produces an output
{(positive) with no anti-vox present the output of the
dc amplifier is positive. When, however, the vox
signal results from pick up from the speaker, and a
negative anti-vox voltage is also present, the algebraic
sum of the two results in a slightly negative output
from the dc amplifier.

When VOX/PTT switch S1501 is set at VOX, the
output of the dc ampiitier Q1706 is supplied through
de amplifier Q1707 to relay driver Q1708. which
controls transmit/receive relay K1500. When the
output of thc dc amplitier is negative, K1500 is
de-energized, +12 V dc XMIT, -12 V dc XMIT and
+28 V dc XMIT voltages are disconnected from the
exciter IF and RF stages, power amplifier tube V1501
is cut off, and +12 V dc REC and -12 V dc REC
voltages are connected to the receiver RF and IF
stages. When the output of the dc amplifier goes
positive, K1 500 is cnergized, +12 V de XMIT, -12 V
doe XMIT, aud 28 V do XMIT vullages ait connccted
to the cxciter IF and RF stages, Vi501 is normally
biased, and +12 V dc REC and -12 V dc REC voltages
are disconnected from the receiver RF and IF stages.

NOTE
If SIMPLEX/DUPLEX switch S1506 is set at DU-.
PLEX, the +12 V dc REC voltage is continuoudy
supplied to the receiver section.

With S1501 in the PTT position, the transmit/receive
relay is controlled by the PTT (push-to-talk) input
from either TB 1500 or J1515. The relay is energized
when the PTT input is grounded, and is de-energized
when the PTT input is an open circuit.

¢.  TRANSMITTER IF BOARD - MODULATOR
STAGES - The two balanced modulators on the
transmitter IF board (CR1801 - CR1804 and CR1805 -
CR1808) receive the audio signal from the trans-
mitter audio board. In addition, oscillator Z1801
provides a 1750 kHz signal to one of the modulators,
as determined by switches Q1805 and Q1806. (The
oscillator also provides a carrier output that can be
inserted into 2nd amplifier Q1802 and a BFO output
for use by the receiver IF board). The output from
the modulators is an audio modulated IF signal that
contains both upper and lower sidebands. The output
from modulator CR1801-CR1804 is supplied to filter
FL1801 which allows only the upper sideband of the
signal to pass. The output from modulator CR1805-
CR1808 is supplied to filter FL1802 which allows
only the upper sideband of the signal to pass. The
output from modulator CR1805-CR1808 is supplied
to filter FL1802 which allows only the lower sideband
of the signal to pass. Filters FL1801 and FL1802 are
highly selective filters; the bandpass for FL1801 is
1750.3 to 1753.0 kHz, and the bandpass for FL1802
is 1747.0 to 1749.7 kHz.

NOTF

The sideband generated by the IF board is opposite
to the sideband required for transmission as a reversal
takes place in the TTRT module (see figure 4-5).
Hence, for upper sideband operation, the IF board
generates a lower sideband signal. and vice versa.

The standard model of the 1TR-20A is provided
with filter FL1802 only (for USB operation). Upon
special request, filter FL1801 may be provided instead
(for LSB operation), or both filters may be included
{refer to paragraph i-1b). To cover all models the
following discussion is for the TTR 20A provided

with both filters.

Switches Q1805 and Q1806 select the desired side-



band by determining which balanced modulator will
receive the oscillator signal. These switches are in turn
controlled by XMTR switch S1502. When S1502 is in
the LSB position, transmitter sideband relay K1502 is
energized and +12 V dc is supplied to switch Q1805,
cutting off the input to modulator CR1805-CR1808.
The input to switch Q1806, however, is open-circuit
and the switch allows the oscillator signal to be
applied to CR1801-CR1804. Filter FL1801 passes
only the upper sideband of the output from modu-
lator CR1801-CR1804. This upper sideband signal
from the IF board is reversed in the TTRT module,
thus providing a lower sideband signal for trans-
mission as required.

When S$1502 is in the USB/REMOTE position and no
remote sideband input is present, K1502 is
deenergized and +12 V dc is supplied to switch
Q1806, preventing the oscillator signal from being
supplied to modulator CR1801-CR1804. However,
switch Q1805, being open-circuit, allows the
oscillator signal to be applied to modulator
CR1805-CR1808. Filter FL1802 passes only the
lower sideband of the output of this modulator,
hence a USB signal will be transmitted. If ground is
supplied as a remote sideband input when S1502 is in
the USB/REMOTE position, relay K1502 will be
energized and a LSB signal will be transmitted.

The balanced modulator selected (say
CR1801-CR1804), receives a balanced audio input
and the 1750 kHz input. One side of the audio input
is applied to R1801. The other is applied to R1811.
The 1750 kHz input is applied to the cathodes of
CR1802 and CR1804. Adjustments to R1813 and
C1804 provide equal magnitudes of the 1750 kHz
signal at the two input points. The output of the
modulator is taken across R1813.

The 1750 kHz signal controls the switching of the
diodes in the modulator. The amplitude of the audio
inputs is sufficiently low so that the 1750 kHz signal
does not lose control of the diode switching. On
positive half-cycles of the 1750 kHz signal, CR1802
and CR1804 are forward-biased and CR1801 and
CR1803 are reverse-biased. On negative half-cycles of
the 1750 kHz signal, CR1802 and CR1804 are
reverse-biased, and CR1801 and CR1803 are
forward-biased. Thus, each output of the detector is
composed of alternate samplings of the two audio
inputs.
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Figure 4-4 illustrates diode switching for the
modulator. It shows both audio inputs, the 1750 kHz
switching signal, and the output. The 1750 kHz signal
is not shown as part of the output waveform because
it is in phase at both output points and will have no
effect in the mixer. For this discussion, input A (solid
curve) is at R1801, input B (dashed curve) is at
R1811. Between T! and T2, when the 1750 kHz
signal is positive, CR1804 passes input A. Between T2
and T3 when the 1750 kHz signal is negative,
CR1803 passes input B. This alternate sampling
continues up to T13 when one complete cycle of the
audio signal has been covered. The output is an audio
modulated IF signal that contains bothe the upper
and lower sidebands. The output is shown in a more
familiar form at the right of the illustration.

f.  TRANSMITTER IF BOARD - AMPLIFIER
STAGES - The USB or LSB IF signal from filter
FL1801 or FL1802 is amplified by Q1801 and
Q1802 and the output is supplied to the selected
TTRT module.

In the AM, MCW and -20DB transmitter modes, a
carrier signal is inserted at the second amplifier
Q1802. The insertion of the carrier is controlled by
section B of mode switch S1505.

When S1505 is in the CW or SSB position the carrier
signal is +12 volts or +12 volts XMIT respectively.
When a +12 volt signal is applied to carrier switch
Q1807, the switch cuts off the carrier signal provided
by oscillator Z1801 so that no carrier is inserted at
amplifier Q1802.

When S1505 is in the AM or MCW position, the
carrier control signal is O volts. When the O volt signal
is applied to switch Q1807, the switch allows the
carrier signal from Z1801 to be applied to Q1802.

When S1505 is in the -20 dB position, the carrier
control signal is set to such a voltage that the carrier
inserted at Q1802 is 20 dB down from the IF signal.

Crystal Y1801 is a notch device used to remove any
undesirable carrier signal present at the output of
amplifier Q1802. So that the carrier will not be
removed by Y 1801 when it is required at the output,
notch switch Q1808 disables the notch device when
the carrier control signal is O volts, and the carrier is
applied to the output. When the carrier control signal



is +12 volts, the notch switch is in the “off” condition
and does not affect the operation of Y1801. This
crystal is factory adjusted and is non-repairable in the
field.

g. TRANSMITTER IF BOARD - ALDC
CIRCUIT. - The automatic loading and drive circuit
(ALDC) input (from the ALDC ADJ control R1545)
is supplied to the output of amplifier Q1802 through
buffer amplifier Q1804 and ALDC amplifier Q1803.
The ALDC signal is provided to reduce the IF output
resulting from high level signals, to prevent over-
loading the linear amplifier. it is a delayed signal,
derived from a rectified portion of the output at the
transmitter antenna (J 1501).

h. TTRT MODULES - The IF output from the
transmitter is supplied to one of the TTRT modules
through switch S1508. Front panel switch S1516
(TRANSMITTER CHANNEL switch) positions the
control wafer of Si508, provided the
REMOTE-LOCAL switch S1518 is in the LOCAL
position. When S1518 is in the REMOTE position,
S1508 is positioned by signals from a remote unit
through TB1502. A Ledex motor positions the
various sections of S1508 to the selected channel.
The selected TTRT module is energized by -12 V dc
XMIT, +12 V dc XMIT, and +28 V dc XMIT through
other sections of S1508 and contacts of relay K1500.
The TTRT module converts the IF signal to the
desired output frequency and amplifies it.

Figure 4-5 shows the input and output of a TTRT
module.

. ; . )
i LINEAR AMPLIFIER, The linear amplifier

PP SRTOUIR £ S G wite
consists ot two !mwcl’-mnynﬂcx Siages. switch

selected tuning networks (TTRA modules), and over-
ioad proteciion circuits. The Linear amplifier
produces an output of 100 watts maximum peak
envelope power from an input of 100 milliwatts.

(Refer to figure 4-6).

The RF signal from S1508 is supplied to class ABI
intermediate power amplifier (IPA) VI1500. The
tuned circuit for the plate is located in the TTRA
module selected by switch S1509. The control wafer
of S1509 is ganged to the control wafer of Si508
whicii i> positunied Uy TRANSMITTER CHANNIL
switch S1516. A Ledex motor positions the various
sections of Si309 1o the selected channel. The output

of the selected TTRA module is supplied through

S1509 to class AB2 power amplifier (PA) V1501. The
control grid bias for V150! is determined by the con-
dition of the transmit-receive relay. When the
transmitter is not keyed, the relay is de-energized,
and -105 volts is applied to the grid to keep the tube
completely cut off. When the transmitter is keyed,
the relay is energized, and a voltage detcrmined by
the setting of PAIb ADJ R1500 provides part of the
PA bias. In addition, the TTRA contains the pi net-
work for V1501 plate tuning and matching to the
transmission line. The output of the selected TTRA
module is supplied to XMTR OUTPUT jack J1501.

The power amplifier is protected from overload by a
circuit that automatically interrupts the high voltage
supply if overioad occurs. In addition, a front panel
meter can indicate various parameters of the power
output stage.

J. TTRA MODULES - Each TTRA module
contains two basic circuits; a plate-tuning circuit for
the intermediate power amplifier circuit for the

. power amplifier, and a load tuning circuit. The tuning

of the IPA circuit is variable over the entire frequency
range of the module. Coarse tuning and loading of the
PA ‘circuits is accomplished by two switches that
divide the frequency range of the module into narrow
frequency bands; the switches select fixed tuning
components. Fine tuning is then accomplished by
means of variable capacitors. Thus, to tune and load
the power amplifier, the PA TUNE switch and PA
LOAD switch must be positioned to select the narrow
band that includes the specified operating frequency
of the TTRT module for the selected channel, and
then the TTRA module must be fine tuned and
loaded at the specified frequency.

Each TTRA module 1s interlocked to prevent oper-

L2103 S 4

ation of the hpear amphfier if the moduie 1s removed.

k.  POWER SUPPLY AND OVERLOAD PRO-
THECTION - The nower <upply used in the TTR-20A
is a plug-in module that is described in a separate
book: however, it is described here to the extent
required for understanding the operation of the over-
load and interlock circuitry.

The power-supply module contains a low-voltage
T A
11nc

P L o e e I L DN I T I Tovexr v PYe7
supply and a nigh-voitage suppiy. fow voltage

cutputs {#12V deo 12V de 2%V deyare provided
wheiniever power switch S1500 is set at either REC or
XMIT/REC. The low voltage outputs are used in both
the receiver section and in the exciter of the trans-



mitter section.

The high-voltage power supply is energized only when
power switch S1500 is set at XMIT/REC; other
conditions described further on must also be met.
The high voltage outputs are +800, +400, +315 and
-105 volts; these are the supply and bias voltages for
the linear amplifier.

The ac supply for the high voltage supply is con-
nected through normally open contacts of a high
voltage relay. This relay is energized by +12 V dc
whenever the ground return is completed through the
power switch, PA OVLD circuit breaker CB1500, and
the interlock in the selected TTRA module, and is
interrupted whenever the breaker is tripped or the
TTRA module for the selected channel is not in
place; the circuit breaker trips whenever excessive
plate current is drawn by V1501.

The power-supply module also contains an antenna
relay (part of K1500) that provides switching of the
receiver input and transmitter output for operation
with one antenna (simplex operation). The antenna
relay is energized through normally open contacts of
the high voltage relay and transmit/receive relay con-
nected in series. Thus, the antenna relay is
de-energized except when the transmitter is keyed
and the high voltage relay is energized. When the
TTR-20A is wired for simplex operation and the
antenna relay is de-energized, RCVR ANT jack J1502
is connected to the ANTENNA jack; the output of
the transmitter through XMTR OUTPUT jack J1501

4-6

is grounded. When the antenna relay is energized,
XMTR OUTPUT jack J1501 is connected to the
ANTENNA jack and the input to the receiver section
through RCVR ANT jack J1502 is grounded.

In duplex operation, the interconnection between the
RCVR ANT jack is removed so that the receiver input
does not pass through the antenna relay. The trans-
mitter connections are not changed so that the
transmitter output to the ANTENNA jack is still
switched by the antenna relay.

. PA METER, METERING BOARDS AND
METER CALIBRATION BOARD - PA METER
switch S1511 selects one of three power amplifier
parameters for indication on the front panel meter
M1500. With the switch in the Ib position, the plate
current of the power amplifier is indicated on the
meter. The meter is calibrated using R1509 on the
meter calibration board. With S1511 in the EgRF
position, a portion of the RF signal input to the
power amplifier is rectified by CR1500 on the grid
metering board and indicated on the meter. The
meter is calibrated using R1507 on the meter cali-
bration board. With S1511 in the EoRF position, a
portion of the RF signal output at the antenna is
rectified by CR1561 on the output metering and
ALDC board and indicated on the meter. The meter
is calibrated using R1511 on the meter calibration
board. The meter calibration board also includes
controls (R1513 and R1514) for setting the carrier
control signal to the transmitter IF board for the
various transmitter modes.
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LSB UsSB

A B
TTRR INPUT OO T\
le—1.75 MHz—»!
Fe LOCAL
OSCIL L ATOR
USB LSB
TTRR OUTPUT ,[1;P( | ///4}\
(RECEIVER IF |
BOARD INPUT) .75 MHz
B
LSB FILTER OUTPUT |
(FL 1401) I [1.75 MHz
1.7470 MHz
|.7497 MHz

N
Al

USB FILTER OQUTPUT ‘/
I
I [1.7530 MHz

( FL 1402) |.75 MHz

1.7503 MHz

FIGURF 4.2 FREQUENCY INVERSION IN SSB RECEPTION
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NOTE:

THE AUDIO SIGNAL HAS BEEN ENLARGED FOR CLARITY.

I

T2 T||3 Tiq

Tg Tls To T
-+

e —— — —— — — -

-
TG A
o — I
T
= - T T T 2
3' —
T
LN
<
-
w ~
[ g T
Q5 x
wp
= 3
~

INPUT

OUTPUT

INTERVAL STUDY OD DIODE SWITCHING, BALANCED MODULATOR

FIGURE 44.

4-15



4-16

TTRT INPUT /v\
|
lq—— Fc + |75MHz —»I

|.75 MHz LOCAL
OSCILLATOR

uss

TTRT QUTPUT

CASE B

TTRT _INPUT
I I

I‘— Fc + 175 MHz —Dl

.75 MHz LOCAL
OSCILLATOR

LSB

TTRT OUTPUT

Fc
CASE A

FIGURE 4-5. FREQUENCY INVERSION IN SSB TRANSMISSION
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SECTION 5

MAINTENANCE

5-1 GENERAL

Troubleshooting and repair procedures described in
this section are limited to the main chassis assembly
and to the linear amplifier (TTRA). For trouble-
shooting and repair instructions for the receiver
converter, transmitter converter and power supply,
refer to the TTRR, TTRT and TPSA-20 manuals
respectively.

Troubleshooting and alignment procedures are
described for models of the TTR-20A which transmit
both upper sideband and lower sideband signals.
Refer to figures 5-2 through 5-9 for aid in locating
components.

5-2  TEST EQUIPMENT REQUIRED

Test equipment required for procedures described in
this section is listed in Table 5-1.

5-3 PREVENTIVE MAINTENANCE

Preventive maintenance procedures for the TTR-20A

consist of routine visual inspection and cleaning.
Cleaning is necessary because dust may accumulate
on certain components and not only reduce the
efficiency of the TTR-20A but also increase comr
ponent wear. Either a vacuum cleaner or compressed
air hose should be used to clean the unit.

Visualiv checking the unit when it is opened for
cleaning can prevent downtime due to component
failure. Often a deteriorating component will look
bad before it actually affects the operation of the
unit. Some indications of trouble are: discolored
components, dirty or pitted switch or relay contacts,
warped printed circuit boards, and damaged wiring.
Any components found in poor condition should be
replaced. In addition, all hardware should be checked

for tightness.

TABLE 5-1 TEST EQUIPMENT REQUIRED

ITEM

FUNCTION

600 ohm 1/2 watt resistor.

RF signal generator. Hewlett Packard Model 606A,
or equivalent.

50-chm, 100 watt dununy load.

AF signal generator, Hewlett Packard Model 200CD,
or equivalent.

Vacuum tube voltmeter. Hewlett Packard Model
410B, or equivalent.

Oscilloscope, Tektronix Type 545, or equivalent.

Frequency counter. Hewlett Packard Modet 524C,
or cquivalent.

Volt-ohm-milliameter, Simpson Model 260, or
equivalent.

Used in receiver section troubleshooting and
alignment.

Used in transmitter section troubleshooting and
alignment.

Used in transmitter section and receiver section
troubleshooting and alignment.
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54 RECEIVER SECTION TROUBLESHOOTING

a. QUICK TESTS USING FRONT PANEL
CONTROLS

(1) CHANNEL TEST - Try to receive signals
on all frequencies selected by RECEIVER CHANNEL
switch. If reception is possible on some but not all
channels, the TTRR module for the channel on which
reception is not possible is defective. If reception is
not possible on any channel, additional tests are
required to isolate the trouble.

(2) SIDEBAND TEST - Try to receive signals
with  RCVR switch set alternately at LSB and
USB/REMOTE. If reception is possible in LSB only,
the USB circuitry on the receiver IF board is prob-
ably defective. If reception is possible in USB only,
the LSB circuitry on the receiver IF board is probably
defective. If reception is not possible in either
position of the RCVR switch, additional tests are
required to isolate the trouble.

b. SYSTEMATIC TROUBLESHOOTING

(1) Disconnect antenna from J1501 and all
external wiring from TB1501.

(2) Connect a 600 ohm, 1 watt resistor across
terminals 1 and 3 of TB1501. Set
OFF/REC/XMIT/REC switch at REC.

(3) Check that the +12 V dc inputs are present
at the following points:

Terminals S and 9 of the TTRR modules.
Terminal 2 of the receiver IF board.
Terminals 4 and 8 of the transmitter IF board.

(4) Connect an oscilloscope to terminal 5 of
the receiver IF board to check the BFO input. The
signal level observed on the oscilloscope should be
between 0.2 and 0.5 volts, peak-to-peak. If this level
is not observed, check oscillator Z1801 on the trans-
mitter IF board.

(5) Check out the TTRR modules following
the procedures in the TTRR manual.

(6) Remove the channel I TTRR module; set
the RECEIVER CHANNEL switch at 1.

(7) Connect an RF signal generator to terminal

1 of the receiver IF board and adjust it to deliver a
modulated, 2mV signal. Check for the presence of a
signal at the following points:

Pin 9 of transformer T1401.

Output of buffer amplifiers Q1401 and Q1403.

Output of buffer Q1402 for USB operation.

Output of buffer Q1404 for LSB operation.

Pin 1 of IF amplifier U1401.

Junction of R1414 and T1402.

Pin 1 of IF amplifier U1402.

Junction of C1422 and T1403.

Pin 1 of product detector U1403.

Pin 6 of product detector U1403.

Wiper of R1431. Check for an audio signal at
this point.

(8) With a meter, check for +6 V dc at pin 7 of
AGC amplifier U1404. If the voltage level is less than
this, check CR1406.

(9) With no input to the receiver IF board,
check that the voltage at the junction of Q1405 and
R1424 is between 1.8 and 2.5 V dc. If this voltage
level is not observed check the AGC circuit for defec-
tive components.

(10) Adjust the RF signal generator to deliver a
20uV signal at 1749 kHz to terminal 1 of the receiver
IF board.

(11) Measure AF signal at terminals 1 and 3 of
terminal board TB1501 (across 600 ohm resistor);
level should be approximately 0.78 V rms. If this
signal is not obtained, check circuitry of line am-
plifier Q1618 on the receiver IF board.

(12) Measure signal at ungrounded end of re-
sistor R1660 on receiver AF board (SQUELCH
control R1518 must be adjusted so that sqiielch relay
K1601 is de-energized) adjust VOLUME control
R1515 until level is approximately 1.3 V rms. If this
signal is not obtained, check circuitry of audio
amplifiers Q1613, Q1614/Q1615, and Q1616/Q1617.

(13) Connect signal generator to antenna jack
J1502, adjust generator to deliver 1 uV at a fre-
quency 1 kHz above channel 1 frequency. Replace
channel 1 TTRR module.

(14) Measure AF signal at terminals 1 and 3 on
terminal board TB1501; ievel should be 0.78 V rms.
Disconnect signal generator; noise level should be
0.13 V or lower. If this sensitivity check is not satis-



factory, the TTRR module is defective; refer to the
appropriate TTRR technical manual.

555 TRANSMITTER SECTION
TROUBLESHOOTING

a. QUICK TESTS USING FRONT PANEL

(1) CHANNEL TEST - Try to operate trans-
mitter on all frequencies selected by TRANSMITTER
CHANNEL switch. If the transmitter section operates
properly on some but not all channels, the TTRT
module for the inoperative channel is probably defec-
tive.

(2) SIDEBAND TEST - Try to transmit with
the XMTR switch alternately set at LSB and
USB/REMOTE. If transmission is possible on upper
sideband only, the LSB circuitry on the transmitter
IF board is defective, and vice versa.

(3) VOX/PTT TEST - Set PTT/VOX switch at
PTT. Close push-to-talk switch on microphone. Trans-
mitter should key as evidenced by increase of PA
plate current (observe front panel meter with PA
METER switch set at Ib). If the transmitter does not
key, the transmit-receive relay driver is defective. Set
PTT/VOX switch at VOX; rotate VOX GAIN control
fully clockwise. Speak into microphone; transmitter
should key as the XMTR AF GAIN control is rotated
clockwise. If the transmitter does not key, the VOX
amplifier or detector is probably defective.

(4) CW/SSB TEST - Alternately try to operate
the transmitter in the CW and SSB modes. If trans-
mitter operates in CW mode only the microphone
preamplifier is probably defective. if transmitter
operates in SSB mode only. the CW oscillator is
probably defective.

h SYSTEMATIC T ROUBLESHOOTING

(1) Disconnect antenna from ANTENNA jack.
Disconnect all external wiring from TB1500 and
TB1501.

(2) Connect RF dissipator to ANTENNA jack.

L2 N A TS RO P R v
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3 of terminai board TBi50C: adjust gencrator to
deliver 78 mV at i kHz.

(4) Mecasure AF signal across terminals ¢ and 2

on transmitter AF board; level should be
approximately 10 mV (adjust XMTR AF GAIN
control as necessary). If this signal is not obtained,
check audio amplifier Q1702/Q1703.

(5) Connect signal generator between ground
and terminal 3 on the preamplifier and CW oscillator
board: adjust generator to deliver 8 mV at 1 kHz.
Signal across terminals 1 and 2 on transmitter AF
board should be as noted in step (4). I this signal is

not obtained, check audio preamplifier Q1902.

(6) Set CW/SSB/-20DB CARRIER/AM/MCW
mode switch at CW. Connect terminal 11 on TB1500
to ground. Signal across terminals 1 and 2 on trans-
mitter AF board should be as noted in step (4). If this
signal is not obtained, check CW oscillator Q1901.

(7) Connect pin 5 on TBI1500 to ground.
Measure the RF output of Z1801 at the junction of
R1829 and R1830. The level should be 0.9 V rms or
better.

(8) Connect oscilloscope to pin 13 on trans-
mitter [F board. With the mode switch set at SSB and
no audio input, check for the presence of 1.75 MHz
carrier; there should be no carrier visible on the
scope. Set mode switch at -20DB carrier: there should
be approximately 20 mV peak-to-peak carrier. Set
mode switch at AME and then MCW; there should be
approximately 200 mV peak-to-peak carrier. If any of
the above voltages are not obtained check Q1801 and
associated circuitry.

(9) Set mode switch at CW. Measure RF signal
at pin 2 (grid) of V1500; level should be between 2.1
and 2.8V nus. il dids signal is noi obiained, the TTRT

module is defeciive; refer 1o TTRT manual.

NOTE
When performing steps {(10) and {11), do not key
transmitter for more than 1 minute at a time. Leaving
the transmitter keyed for long periods of time will
damage the power amplifier tube.

(10) Set PA OVLD circuit breaker down.
Measure RF signal at pin 2 or pin 6 (grid) of V1501
lcvel should be between 15 and 18 V rms. If this

R 1. ) 1 ] 1 1 FR o
Siphidi 1> HUL UUldiiidu, LHTOUN  UHTCHITHCUIAIC PpUWCE

(11) Measure RF signal at J1501. Level should
be 50 V rms. If this signal is not obtained, check
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power amplifier V1501.
5-6 RECEIVER SECTION ALIGNMENT

a. For change of receiver channel frequency, the
IF and AF stage alignment procedure described in
step (b) need not be performed. For change of
receiver channel frequency, perform TTRR alignment
as outlined in the TTRR manual.

b. RECEIVER IF AND AF STAGES

(1) Disconnect all external wiring from
TB1501. Connect a 600 ohm resistor between
) terminals 1 and 3 on TB1501.

(2) Remove channel 1 TTRR module: set
RECEIVER CHANNEL switch at 1.

(3) Connect an RF signal generator to terminal
1 of the receiver IF board and adjust it to deliver a 30
uV, 1750 kHz signal.

(4) Connect a VOM to terminal 3 of the
receiver IF board. Tune transformers T1402 and
T1403 for maximum voltage at terminal 3.

5-7 TRANSMITTER SECTION ALIGNMENT

a. For transmitter channel frequency change, per-
form TTRT module alignment as outlined ‘in the
TTRT technical manual and steps (1) through (3),
steps (10) through (18) and step (25) of paragraph
5-7¢ (linear amplifier alignment). Exciter alignment,
paragraph S-7b, and the remainder of the linear
amplifier alignment need be performed for corrective
maintenance only.

b.  EXCITER ALIGNMENT

(1) Disconnect all external wiring from
TB1500 and TB1501.

(2) Connect terminal 11 on TB1500 to ground.

(3) Connect terminal 5 on TB1500 to ground.

(4) Connect the AF signal generator to
terminals 1 and 3 on TB1500; adjust signal generator
to deliver 78 mV at 1 kHz.

(5) Set OFF/REC/XMIT/REC switch at
XMIT/REC.

(6) Rotate XMTR AF GAIN control fully
clockwise. Connect oscilloscope to terminals 1 and 2
on transmitter AF board; adjust R1718 to obtain 10
mV rms between terminals 1 and 2.

(7) Set mode switch at CW. Adjust R1903 (on
preamplifier and CW oscillator board) to obtain 10
mV rms between terminals 1 and 2 on receiver audio
board.

(8) Set the XMTR switch at USB/REMOTE;
rotate XMTR AF GAIN control fully clockwise.

(9) Adjust C1810 for maximum output.

(10) Rotate XMTR AF GAIN control fully
counterclockwise; set mode switch at SSB; connect
an oscilloscope to pin 13 on transmitter IF board.

(11) With oscilloscope on its most sensitive
range, adjust C1811 for a minimum signal.

(12) Disconnect AF signal generator; set mode
switch at CW.

(13) Adjust R1814 and C1306 for maximum
output with minimum distortion (see figure 5-1).

NOTE

Distortion or jitter along the edge of the waveform is
cause by carrier through the improperly balanced
bridge. Proper balance is obtained when R1814 is set
approximately mid-range.

(14) Set XMTR switch at LSB and repeat step
(13), adjusting R1813 and C1804: repeat steps (13)
and (14) until waveform is stable for both LSB and
USB.

(15) Readjust C1810 for equal amplitude in
USB and LSB.

(16) If necessary, align TTRT modules as outlined
in the TTRT manual.

c. LINEAR AMPLIFIER ALIGNMENT
NOTE
Make sure that the exciter section of the transmitter

has been properly aligned before attempting align-
ment of the linear amplifier section.



(1) Connect a dummy load to ANTENNA jack at
rear of unit.

(2) Disconnect all external wiring from TB1500
and TB1501.

(3) Connect a jumper wire from terminal 5§ on
TB1500 to ground.

(4) Set OFF/REC/XMIT/REC switch at OFF.

(5) Unsolder lead from C1527 at feed through to
overload switch.

(6) Connect VOM between disconnected lead
and feed through (positive connection at feed
through). Set VOM to scale having maximum reading
greater than 50 mA.

(7) Set OFF/REC/XMIT/REC switch at XMIT/
REC. Rotate XMTR AF GAIN control fully counter-
clockwise. Unground terminal 5 of TB1500. Set
PA OVLD circuit breaker down (on). Set PA METER
switch at Ib. After 5 minutes ground terminal
S of TB1500. Adjust R1500 (PA Ib ADJ) until
VOM indicates 50 mA. Adjust R1509 on meter
calibration board until front panel meter indicates
50 mA.

(8) Set PA OVLD circuit breaker up (off) and
disconnect ac power plug.

(9) Resolder lead from C1527 to feed through to
overload switch.

(10) Remove TTRT module of channel on which
alignment is being performed; connect TTRT module
to module extender and inseri extender into TTRT
receptacle.

(11) Connect ac power plug. Set PA OVLD circuit
breaker down (on). Set OFF/REC/XMIT/REC switch
at SMIT/REC.

NOTE .

When performing steps (12) through (19) below, refer
to figure 5-12 for location of TTRA controls.

(12) Set PA TUNING switch on TTRA module as
indicated in table S5-2 for appropriate channel fre-
quency. Set PA LOADING switch at 1. Rotate PA
LOADING control fully couterclock wise.

(13) Ensure that terminal 5 of TB1500 is ground-
ed. Rotate XMTR AF GAIN control clockwise, and
adjust IPA TUNING control on TTRA to obtain peak
indication on front panel meter; keep meter indica-
tion as low as possible by adjusting SMTR AF GAIN
control.

TABLE 5-2. PA TUNE SWITCH SETTING

Frequency PA tune Switch Linear Amplifier
(In MHZ) Setting Module
222 1 TTRA-1
2228 2
2.5-3.1 3
3.14.0 4
4.0-5.0 1 TTRA-2
5.0-6.3 2
6.3-8.0 3&4
8.0-10.0 1 TTRA-3
10.0-12.6 2
126-160 3&4
i0.0-20.u i it KA-4
20.0-24.0 2
24 0-2K8.0 3
28.0-32.0 4
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(14) Adjust XMTR AF GAIN control to obtain
indication of approximately 75 mA on front panel
meter. Adjust PA TUNING control to obtain dip on
meter.

(15) Rotate PA LOADING switch clockwise until
a sharp increase of PA plate current is indicated on
front panel meter. Readjust PA TUNING control to
obtain dip on front panel meter.

(16) Adjust PA TUNING control, PA LOADING
control, and XMTR AF GAIN control until VTVM
indicates 50 v rms at J1501, and front panel meter
indicates approximately 125 mA.

(17) Adjust gain control on TTRT module until
conditions described in step (15) are met with XMTR
AF GAIN control at its fully clockwise position.

(18) Set PA OVLD circuit breaker up (off). Con-
nect oscilloscope probe to J1501. Set mode switch at
MCW.

(19) Set PA OVLD circuit breaker down: after 5
minutes, ground terminal 5 of TB1500. Oscilloscope
pattern should conform with figure 5-1 d. If
necessary adjust PA TUNING AND PA LOADING
controls on TTRA modules to minimize distortion.
A\djust gain control on TTRT to keep RF voltage at
J1501 at approximately 70 V rms: front panel meter
should indicate approximately 175 mA.

NOTE

Slight readjustment of the PA LOADING controls
may be necessary after the dummy load is discon-
nected and the TTR-20A is connected to its antenna.

(20) Connect VTVM to J1501 (parallel with dum-
my load). Set PA METER switch at EoRF. Adjust
XMTR AF GAIN control untit VTVM indicates 60 V
rs.
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(21) Adjust R1511 on meter calibration board un-
til panel meter indicates 60 on red scale.

(22) Set PA OVLD circuit breaker up; unground
terminal 5 of TB1500. Connect VTVM to grid (pin 2
or 6) of V1501. Set PA METER switch at EgRF and
VTVM on 30 volt scale.

(23) Set PA OVLD circuit breaker down; un-
ground terminal S of TB1500. Adjust XMTR AF
GAIN control until VTVM indicates 20 V. Adjust
R1507 on meter calibration board until fron panel
meter indicates 20 on green scale.

(24) Set PA OVLD circuit breaker up; unground
terminal 5 of TB1501. Disconnect VIVM from
equipment.

(25) Set PA OVLD circuit breaker down; ground
terminal S of TB1501. Set PA METER switch at Ib.
Adjust gain control on TTRT unitl front panel meter
indicates 180 mA; adjust PA OVLD ADIJ control on
power supply module until PA OVLD circuit breaker
trips. Reduce gain of TTRT module, reset PA OVLD
circuit breaker, and check that the circuit breaker
does not trip with approximately 175 mA -plate
current.

(26) Set OFF/REC/XMIT/REC switch at OFF.
Disconnect all test equiprent from the TTR-20A and
jumper wires from the terminal boards. Remove
module extender and re-insert TTRT module for
normal operation; restore external wiring as required.

5-8 INTEGRATED CIRCUIT, TRANSISTOR AND
TUBE VOLTAGE MEASUREMENTS’

Integrated circuit, transistor and tube voltage
measurements are listed in table 5-3. All readings are
in volts dc. All voltage measurements are measured to
chassis ground using 20 K ohms-per-volt meter.



TABLE 5-3 TRANSISTOR AND TUBE VOLTAGES

A. TRANSISTORS

Symbol Emitter Base Collector Remarks

Q1701 -5.5 -5.6 4.2

Q1702 +.20 -.06 9.0

Q1703 +.16 0 9.5

Qi704 SO iu O -1510 +.15 -12.8

Q1705 -1.6to+1.6

Q1706 +.70 to -1.8 2.0 +12.5

Q1707 0 0 -125 Terminal 5, TB1500
grounded.

0 =22 0 Terminal 5. TB1500
ungrounded.

Q1708 0 -.30 0 Terminal S, TB1500
grounded, K 1500
energized.

0 +.5 +12.5 K 1500 de-energized|

Q1801 +.1 - +10 S1505 at SSB for
Q1801 to Q1808

Q1802 +.22 - +10

Q1803 0 +.35 +10

Q1804 (SOURCE) (GATE) +.35 (DRAIN)

Qi305 +i2 7 [V 1.8 7 Wiih L.SB filier on
XMTR iF BD.

Q1806 -2 0 -2 7 Reverse readings for
LSB filter

Q1807 +i2 7 0" 0

Q1808 +12 U 0" 0 *

Q1401 +0.0 - -

Q1402 +0.6 - - USB operation

Q1403 +U.6

Q1404 +0.6 - : LSB operation




TABLE 5-3 TRANSISTOR AND TUBE VOLTAGES

A. TRANSISTORS

Symbol Emitter Base Collector Remarks
Q1405 +1.8to+24 With TTRR
module inserted.
Q1406 +1.8t0+2.4
Q1613 +.25 +.12 7.1
Qlel4 +.20 +.06 -12.3
Qiels +.14 0 -12.3
Q1617 +12.5 +12.5 -12.4
Qle18 +.17 +.02 -10.0
Q1619 +18 +1.65 6.3 SQUELCH max.
clockwise.
+5.1 +7.1 -12.6 SQUELCH max.
counter clockwise
Q1620 -1.8 +2.8 8.0 SQUELCH max.
clockwise, no signal
+5.1 +2.8 +3.2 SQUELCH max.
counter clockwise,
no signal
+1.8 +5.0 8.6 SQUELCH max.
clockwise, ImV
signal at base of
Q1401
Q1621 -7.8 8.0 8.2 SQUELCH max.
: clockwise, no signal
K1601 energized.
0 +3.2 -12.6 SQUELCH max.
counter clockwise
no signal, K1601 de-
energized.
8.4 -8.6 8.5 SQUELCH max.

clockwise, 1 mV at
base of Q1401,
K1601 energized.
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B. ELECTRON TUBES

Sy mbol Plate (s) Screen Control Cathode Filament
Grid
V1500 +300 +300 0 +9 6.3 Vac
pin 7 pin 8 pin 2 pin | pin §
V1501 +800 +320 -50 to -30 0 6.3 Vac
both caps pin 3 pins2& 6 pin §
when keyed
10S when
not keyed
C. INTEGRATED CIRCUITS
Symbol Pin Voltage
U1401 9,6 +6
U1502 9,6 +6
U1403 5 +11.5
U1404 8 +4
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SECTION 6

PARTS LIST

6-1 INTRODUCTION

Reference designations have been assigned to identify
all electrical parts of the equipment. These
designations are used for marking the equipment
{(adjacent to the parts they identify) and are included
on drawings, diagrams and the parts list. The letters
of a reference designation indicate the kind of part
(generic group), such as resistor, capacitor, transistor,

etc. The number differentiates between parts of the

same generic group. Sockets associated with a
particular plug-in device, such as transistor or fuse,
are identified by a reference designation which in-
For example, the socket for crystal Y101 is
designated XY101. To expedite delivery, when order-
ing replacement parts, specify the TMC part number
and the model number of the equipment.
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REF ™C
SYMBOL DESCRIPTION PART NUMBER
Cl1101 CAPACITOR, VARIABLE, MICA: 210-1000 pf, 175 WVDC CvV1lli4
C1102 CAPACITOR, FIXED, MICA: 1500 pf, +10%, 500 WVDC CM20B152K
C1103 CAPACITOR, VARIABLE, AIR: 12.9-342 pf, 1000 vac peak CB168-1
C1104 CAPACITOR, FIXED, CERAMIC: 10 pf, +10%, 5000 WVDC CC109-5
C1105 CAPACITOR, FIXED, MICA: 560 pf, +10%, 2500 WVDC CM45B561K
C1106 CAPACITOR, FIXED, MICA: 390 pf, +10%, 2500 WVDC CM45B391K
C1107 CAPACITOR, FIXED, MICA: 330 pf, +10%, 2500 WVDC CM45B331K
C1108 CAPACITOR, FIXED, MICA: 220 pf, +2%, 2500 WVDC CM45B221G
C1109 CAPACITOR, VARIABLE, MICA: 390-1400 pf, 175 WVDC CV113-8
C1110 CAPACITOR, FIXED, MICA: 1000 pf, +10%, 2500 WVDC CM45B102K
Cll11 Same as C1110
C1112 Same as C1110
C113 Same as C1110
Cl14 Same as C1108
J1101 CONNECTOR, RECEPTACLE, ELECTRICAL JJ286-6
S1101 SWITCH, ROTARY SW330
S1102 SWITCH, ROTARY SW331
T1101 TRANSFORMER, R .F. TZ117
T1102 TRANSFORMER, R.F. TZ120
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FINAL TUNE MODULE, 4.8 MHx
TTRA-2
SYMBOL SERIES 1200

SYMBOL DESCRIPTION b ART NUMBER
C1201 CAPACITOR, VARIABLE, MICA: 80-480 pf, 175 WVDC CV113-2
C1202 CAPACITOR, VARIABLE, AIR: 12.9-342 pf, 1000 vac peak CB168-1
C1203 CAPACITOR, FIXED, MICA: 160 pf, +10%, 2500 WVDC CM45B161K
C1204 CAPACITOR, FIXED, MICA: 100 pf, +10%, 2500 WVDC CM45B101K
C1205 CAPACITOR, VARIABLE, MICA: 240-1100 pf, 175 WVDC CV113-7
C1206 CAPACITOR, FIXED, MICA: 560 pf, +10%, 2500 WVDC CM45B561K
C1207 Same as C1206
C1208 Same as C1206
C1209 Same as C1206
J1201 CONNECTOR, RECEPTACLE, ELECTRICAL J1286-6
$1201 SWITCH, ROTARY SW330
$1202 SWITCH, ROTARY Sw331
T1201 TRANSFORMER, R.F. TZ118
T1202 TRANSFORMER, R.F. TZ121




FINAL TUNE MODULE, 8-16 MH:
TTRA-3
SYMBOL SERIES 1200

SYITVIEBFOL DESCRIPTION PARTTI?SMBER
C1301 CAPACITOR, VARIABLE, MICA: 9-180 pf, 175 WVDC CV113-5
C1302 CAPACITOR, VARIABLE, AIR: 10-210 pf, 1000 vac peak CB169-1
C1303 CAPACITOR, FIXED, MICA: 56 pf, +10%, 2500 WVDC CM45B560K
C1304 CAPACITOR, VARIABLE, AIR: 110-580 pf, 175 WVDC CV113-6
C1305 CAPACITOR, FIXED, MICA: 390 pf, +10%, 2500 WVDC CM45B391K
C1306 Same as C1305
C1307 Same as C1305
C1308 CAPACITOR, FIXED, MICA: 160 pf, :10%, 500 WVDC CM15B161K
C1309 CAPACITOR, FIXED, CERAMIC: 5 pf, +10%, 5000 WVDC CC109-3
J1301 CONNECTOR, RECEPTACLE, ELECTRICAL JJ286-6
$1301 SWITCH, ROTARY SW330
$1302 SWITCH, ROTARY Sw331
T1301 TRANSFORMER, R.F. TZ116
T1302 TRANSFORMER, R.F. TZ122

FINAL TUNE MODULE, 16.24, 24.32 MHz
TTRA-4
SYMBOL SERIES 1400

SYTVI%F;)L DESCRIPTION PARTTILWI(J:MBER
C1401 CAPACITOR, VARIABLE, MICA; 25-280 pf, 175 WVDC Cv113-1
C1402 CAPACITOR, VARIABLE, AIR: 10-210 pf, 1000 vac peak CB169-1
C1403 CAPACITOR, VARIABLE, MICA: 110-580 pf, 175 WVDC CV113-6
C1404 CAPACITOR, FIXED, MICA: 220 pf, £10%, 2500 WVDC CM45B221K
C1405 Same as C1404
C1406 CAPACITOR, FIXED, MICA: 160 pf, £+10%, 2500 WVDC CM45B161K
J1401 CONNECTOR, RECEPTACLE, ELECTRICAL JJ286-6
$1401 SWITCH, ROTARY SW330
S1402 SWITCH, ROTARY SW331
T1401 TRANSFORMER, R.F. TZ119
T1402 TRANSFORMER, R.F. TZ123




RECEIVER IF BOARD A10713-5
SYMBOL SERIES 1400

REF T™C
SYMBOL DESCRIPTION PART NUMBER
C1401 CAPACITOR, FLAT, FOIL: 0. luf, 250 VDC CC10011-8
Ci402 Not used
C1403 CAPACITOR, FLAT. FOIL: 0.047uf, 250 VDC CC10011-5
C1404 Same as C1403
1408 Same ac (1403
1406 Same as Ci403
C1407 Same as (1403
C1408 Same as C1403
C1409 Same as 1403
C1410 Same as (1403
C1411 Same as C1403
Cl1412 Same as €1403
Cl413 Same as C1403
Cl414 CAPACITOR. FIXED. ELECTROLYTIC: Iuf, 15 WVDC CE105-1-15
Cl1415 CAPACITOR, FIXED, MICA: 180pf, *5%, 100 WVDC CMI111E181J1S
Cid4le Same as C1403
C1417 Same as (1403
Ci418 Samc as 1403
C1419 Same as (1403
C1420 Same as (1403
C1421 Same as C1403
C1422 Same as (1415
C1423 Same as C1403
Cis23 Same as (1402
C1425 Same as C1403
C1426 Same as (1403




RECEIVER IF BOARD A10713-5
SYMBOL SERIES 1400

REF T™MC
SYMBOL DESCRIPTION PART NUMBER
C1427 CAPACITOR, FLAT, FOIL: 0. Oluf, 250 VDC CC10011-1
C1428 Same as C1403
C1429 CAPACITOR, FLAT, FOIL: 0.22 uf, 250 VDC CC10011-10
C1430 Not used
C1431 Same as C1403
C1432 Same as Cl1414
C1433 Same as C1401
Cl434 Same as C1403
C1435 Same as C1414
C1436 Same as C1429
CR1401 DIODE IN34A
CR1402 Same as CR1401
CR1403 Same as CR1401
CR1404 Same as CR1401
CR1405 Same as CR140!

CR1406 DIODE, ZENER IN753A
L1401 COIL, RF, FIXED: 1000uh CL275-102
L1402 Same as L1401

L1403 COIL, RF, FIXED: 220uh CL275-221
L1404 Same as L1401

L1405 Same as 11403

L1406 COIL, RF, FIXED: 10 uh CL275-100
Q1401 TRANSISTOR MPF105
Q1402 Same as Q1401

Q1403 Same as Q1401

Q1404 Same as Q1401

66




RECEIVER IF BOARD A10713-5

SYMBOL SERIES 1400

REF ™C
SYMBOL DESCRIPTION PART NUMBER
Q1405 TRANSISTOR 2N3906
Q1406 Same as Q1401
R1401 RESISTOR, FIXED, COMPOSITION: 100 ohms 5%, 1/4 watt RCO7GF101J
R1402 RESISTOR. FIXED, COMPOSITION: | kohm. X53%, 1/4 watt RCO7GF102]
R1403 Same as R1402
R1404 RESISTOR. FIXED, COMPOSITION: 3.3 kohms, 5%, 1/4 watt RCO7GF332)
R1405 Same as R1401
R1406 Same as R1404
R1407 Same as R1402
R 1408 Same as R1401
R1409 Same as R1402
R1410 Same as R1404
R1411 Same as R1401
R1412 RESISTOR, FIXED, COMPOSITION: 8.2 kohms, %5%. 1/4 watt RCO7GEE22S
R1413 Same as R1401
R1414 RESISTOR, FIXED, COMPOSITION: 5.6 kohms, *5%. 1/4 watt RCO7GF562]
R1415 RESISTOR, FIXED, COMPOSITION: 33 ohms, *5%, 1/4 watt RCO7GF330J
R1416 Same as R1414
R1417 RESISTOR, FIXED, COMPOSITION: 68 ohms, *5%, 1/4 watt ’ RCO7GEF680)
R1418 RESISTOR, FIXED. COMPOSITION: 12 ohms, *5%, 1/4 watt | RCO7GF120J
R1419 RESISTOR, FIXED, COMPOSITION: 1 Mohm, *5%, 1/4 watt RCO7GF105)
R1420 RESISTOR, FIXED, COMPOSITION: 1.8 Kohms, £5%, 1/4 watt RCO7TGF182)
R1421 RESISTOR, FIXED, COMPOSITION: 470 ohms, £5%, 1/4 watt RCO7GF471]
R1422 RESISTOR. FIXED, COMPOSITION: 18 ohms, £5%, 1/4 watt RCO7GEF180]
Ri423 Same as R1401
R1424 RESISTOR. FIXED, COMPOSITION: 510 ohms, 5%, 1/4 watt RCO7GES T

L

L.
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RECEIVER IF BOARD A10713-5
SYMBOL SERIES 1400

REF ™C
SYMBOL DESCRIPTION PART NUMBER
R1425 Same as R1419
R1426 Same as R1414
R1427 RESISTOR, FIXED, COMPOSITION: 2.2 Kohms, 5% 1/4 watt RCO7GF222]
R1428 Same as R1404
R1429 RESISTOR, FIXED, COMPOSITION: 2.7 kohms, 5% 1/4 watt RCO7GF272)
R1430 Same as R1404
R1431 RESISTOR, VARIABLE: 5 kohms, £30%, 1/2 watt at 700 C RV10007-9
T1401 TRANSFORMER, RF, FIXED TZ10002
T1402 TRANSFORMER, RF TT10004
T1403 Same as T1402
U1401 INTEGRATED CIRCUIT NW-MC1550
U1402 Same as U1401
U1403 Same as U1401
U1404 INTEGRATED CIRCUIT NW-CA3028




TTR-20A MAIN CHASSIS
SYMBOL SERIES 1500

YRMEBFOL DESCRIPTION PARTT;\IWSMBER
C1500 CAPACITOR, FIXED, ELECTROLYTIC: 2000 uf, 25 WVDC CFE116-5VN
C1501 CAPACITOR, FIXED, CERAMIC: 2000 pf, +20%, 500 WVDC CK70AW202M
C1502 CAPACITOR, FIXED, MICA: 510 pf, +20%, 500 WVDC CM15F511j03
C1503 CAPACITOR, FIXED, MICA: 1000 pf, +2%, 500 WVDC CM20F102G03
C1504 CAPACITOR, FIXED, MICA: 1000 pf, +5%, 500 WVDC CM113QE102]
C1505 CAPACITOR, FIXED, MICA: 2000 pf, +2%, 500 WVDC CM100-14
C1506 Same as C1504

C1507 CAPACITOR, FIXED, MICA: 3000 pf, +2%, 500 WVDC CM30F302G03
C1508 Same as C1501

C1509 Same as C1501

C1510 CAPACITOR, FIXED, MICA: 8100 pf, 5%, 500 WVDC CM113QES812]
C1511 Same as C1503

C1512 Same as C1504

C1513 Same as C1510

C1514 CAPACITOR, FIXED, CERAMIC-HV: 5 pf, +10%, 5000 WVDC CC109-3
C1516 Same as C1510

C1520 Same as C1501

C1521 Same as C1503

C1522 Same as C1504

C1523 Same as C1504

C1524 Same as C1504

C1525 CAPACITOR, FIXED, PLASTIC: 001 uf, :5%, 3000 WVDC CX109-1
C1526 CAPACITOR, FIXED, CERAMIC-HV: 1000 pf, +20%, 5000 WVDC CC109-38 |
C1527 Same as C1526

C1530 Same as C1501

C1531 Same as C1501

C1532 CAPACITOR, FIXED, CERAMIC: 0.1 uf, +80%-20%, 100 WVDC CC100-28
C1533 Same as C1532

C1541 CAPACITOR, FIXED, MICA: 39 pf, +5%, 500 WVDC CM15C390J03
C1545 CAPACITOR, FIXED, CERAMIC: 0.1 uf, +80-20%, 500 WVDC CC100-32 ‘
C1546 Same as C1501 }
C1547 Same as C1501

C1548 Same as C1501




TTR-20A MAIN CHASSIS
SYMBOL SERIES 1500

SY}TVIEBII)L DESCRIPTION PARTTIX\IWSMBER
C1549 Same as C1501

C1550 Same as C1501

C1551 Same as C1501

C1556 CAPACITOR, FLAT, FOIL: 0.22 uf, 250 VDC CC10011-10
C1557 Same as C1501

C1558 Same as C1501

C1559 Same as C1532

C1565 CAPACITOR, FIXED, CERAMIC: 3 pf, 0.5 pf, 500 WVDC CC21SJ030D
CB1500 CIRCUIT BREAKER, SPST. SW262
CR1501 RECTIFIER, SILICON, BRIDGE DD 10004
CR1507A SUPPRESSOR, ARC, DIODE DD114-2
CR1507B Same as CR1507A

CR1508A Same as CR1507A

CR1508B Same as CR1507A

CR1509A Same as CR1507A

CR1509B Same as CR1507A

DS1500 LAMP, GLOW BI112-1
J 1500 CONNECTOR, RECEPTACLE, ML JJ296-1
J1501 CONNECTOR, RECEPTACLE, BNC UG625/U0
J1502 Same as J1501

J1503 CONNECTOR, RECEPTACLE, FML JJ285-6
J1504 Same as J1503

J1505 Same as J1503

J1506 Same as J1503

J1507 CONNECTOR, RECEPTACLE, FML J]287-20
J1508 Same as J 1507

J1509 Same as J1507

J1510 Same as J1507

J1511 Same as }1507

J1512 Same as J 1507

J1513 Same as J1507

J1514 Same as J 1507

J1515 CONNECTOR, RECEPTACLE, FML JJj212




TTR-20A MAIN CHASSIS
SYMBOL SERIES 1500

SYMBOL DESCRIPTION PART NUMBER
J1516 Same as J1501

K 1500 RELAY, 6PDT RL.156-6

K1501 RELAY, MINIATURE RL143-3

K1502 Same as K1501

L1500 COIL, RF, FIXED: 2.55 uh #0.1 uh CL318

L1501 COIL, RF, FIXED: 120 uh, t10% CL240-120

L1502 Same as 11501

L1503 Same as L {501

L1504 Same as L1501

L1505 Same as L1500

L1506 Same as L1501

L1511 Same as L1501

L1512 Same as L1501

L1513 Same as L1501

L1514 COIL, RF, FIXED: 455 uh CL 10034

11518 Same as L1501

L1519 COIL, RF, FIXED; 180 uh, +10 uh CL317

L.S1500 LOUDSPEAKER, PM, 2 inch 1L.5106

M1500 METER MR172

PS1500 SUPPRFSSOR, PARASITIC AX163

PS1501 SUPPRESSOR, PARASITIC AX391

PS1502 Same as PS1501

R1500 RESISTOR, VARIABLF, COMP: 50 k ohms, :20%, ' watt RV106UX8B503B
R1501 RESISTOR, FIXED, COMP: 390 ohms, +5%, 1 watt RC32GF391]
R1502 RESISTOR, FIXED, COMP: 10 k ohms, +5%, % watt RC20GF103] |
R1503 RESISTOR, FIXED, COMP: 47 ohms, #5%, ¥, watt RC20GF470]
R1504 RESISTOR, FIXED, COMP: 180 ohms, *5%, 2 watts RC42GF181]
R1505 RESISTOR, FIXED, COMP: 4.7 k ohms, 5%, 1 watt RC32GF472)
R1513 RESISTOR, VARIABLE, COMP: 10 k ohms, +20%, 2 watts RV4NAYSA103BYY
R1514 RESISTOR, VARIABLE, COMP: 5 k ohms, +20%, 2 watts RV4NAYSAS02BYY
Kl>515 RESISTOR, VARIABLE, COMP. 5 & vhms, 1207, 2 walts RYVANAYSCSDIRYY
R1517 RESISTOR, VARIABLE, COMP: 500 ohms, +20%, 2 watts RVANAYSAS01BYY
R1518 Same as R1514




TTR-20A MAIN CHASSIS
SYMBOL SER!IES 1500

SYl;l%F(‘)L DESCRIPTION PAR';‘”:!%MBER
R1519 RESISTOR, FIXED, COMP: 1000 ohms, +5%, '; watt RC20GF102]
R1525 RESISTOR, FIXED, COMP: 3.9 k ohms, 5%, %, watt RC20GF392]
R1526 Same as R1502

R1534 RESISTOR, FIXED, COMP: 4.7 k ohms, 5%, % watt RC20GF472]
R1545 Same as R1500

R1546 RESISTOR, FIXED, COMP: 10 ohms, ¥5%, 1 watt RC32GF100J
R1547 RESISTOR, VARIABLE, COMP: 500 k ohms RV10006-5S
S1500 SWITCH, ROTARY, TAP SW3364
51501 SWITCH, ROTARY, TAP SW336-1
51502 Same as S1501

S$1503 Same as S1501

S1504 Same as S1501

$1505 SWITCH, ROTARY, TAP SW10039
S1506 SWITCH, ROTARY, TAP SW336-2
$1507 SWITCH, ROTARY, RCVR, ASSY. AS10003
S1508 SWITCH, ROTARY, XMIT, ASSY. AS10004
S1509 SWITCH, ROTARY, ASSY. AS10001
S1511 SWITCH, ROTARY, TAP SW336-3
S1516 SWITCH, WAFER, ASSY. AS10002
S1517 Same as S1516

$1518 SWITCH, ROTARY, WAFER SW10036
$1519 Same as S$1501

T1500 TRANSFORMER, RF TF 10034
TB1500 TERMINAL STRIP, BARRIER TM100-12
TB1501 Same as TB1500

TB1502 TERMINAL STRIP, BARRIER TM100-11
V1500 TUBE, ELECTRON 6GK6

V1501 TUBE, ELECTRON 8117
XCR1501 SOCKET, ELECTRON TUBE TS101P01
XDS1500 LAMPHOLDER TS164
XK1500 SOCKET, RELAY TS171-2
XV1500 SOCKET, ELECTRON TUBE TS103P01
XV1501 SOCKET, ELECTRON TUBE TS168-1




METER CALIBRATION BOARD A10597
SYMBOL SERIES 1500

SYTVIEI:;OL DESCRIPTION PARTT:J“EMBER
R1507 RESISTOR, VARIABLE, COMP: 50 k ohms, +20%. % watt RV10006-2P
R1508 RESISTOR, FIXED, COMP: 27 k ohms, t5%, }2 watt RC20GF273]
R1509 Same as R1507
R1510 RESISTOR, FIXED, COMP: 47 k ohms, 5%, %, watt RC20GF473]
R1511 RESISTOR, VARIABLE, COMP: 1000 k ohms RV10006-7P
R1512 Same as R1510
R1513 Same as R1507
R1514 Same as R1507 |
GRID METERING BOARD A10595
SYMBOL SERIES 1500
SYI;E[:%P(;L DESCRIPTION PARTTx([:IMBER
C1515 CAPACITOR, FIXED, CERAMIC: 3 pf, +.5 pf, 500 WVDC CC21CJ030D
C1517 CAPACITOR, FIXED, MICA: 15 pf, 500 WVDC CM15D150GO3YY
C1518 CAPACITOR, FIXED, MICA: 1000 pf CM20F102G03
C1519 Same as C1518 :
CR1500 DIODE, SILICON IN463 5
L1507 COIL, RF, FIXED: 1.1 uh CL139
1.1508 COIL, RF, FIXED: 750 uh CL100-5
L1509 COIL, RF, FIXED: 120 uh CL240-120 l
L1510 Same as L1505 ‘
OUTPUT METERING AND ALDC BOARD A10596
SYMBOL SERIES 1500
SYRMEBFOL DESCRIPTION PARTT:I’ISMBER
C1561 CAPACITOR, FIXED, MICA: 33 pf, +5%, 500 WVDC CM15C330J03
C1562 CAPACITOR, FIXED, MICA: 1000 pf, +5%, 100 WVDC CM111C102]1S
C1563 Same as C1562
CR1561 DIODE IN34A
L1561 COIL, RF, FIXED: 1000 uh CL275-102
L1562 Same as L1561




RECEIVER AF BOARD A10541
SYMBOL SERIES 1600

SY;I;F(;L DESCRIPTION PARTTIE:SMBER
C1639 CAPACITOR, FIXED, CERAMIC: .01 uf, GMV, 500 WVDC CC100-16
C1646 CAPACITOR, FIXED, ELECT: 10 uf, 15 WVDC CE105-10-15
C1647 CAPACITOR, FIXED, ELECT: 50 uf. 15 WVDC CE105-50-15
C1648 Same as C1646
C1649 Same as C1647
C1650 CAPACITOR, FIXED, CERAMIC: .001 uf, GMV, 500 WVDC ° CC100-29
C1651 CAPACITOR, FIXED, CERAMIC: .1 uf, +80%-20%, 100 WVDC CC100-28
C1652 Same as C1647
C1660 CAPACITOPR, FIXED, ELECT: 200 uf, 15 WVDC CE105-200-15
K1601 RELAY 4 PDT RL156-2
Q1613 TRANSISTOR 2N1370-4
Q1614 Same as Q1613
Q1615 Same as Q1613
Q1616 TRANSISTOR 2N1039
Q1617 Same as Q1616
Q1618 TRANSISTOR 2N1370-7
Q1619 Same as Q1613
Q1620 Same as Q1613
Q1621 TRANSISTOR 2N2001
R1638 RESISTOR, FIXED, COMP: 10 k ohms, :5%, '2 watt RC20GF103]
R1639 RESISTOR, FIXED, COMP: 4.7 k ohms, +5%, 7 watt RC20GF472]
R1640 RESISTOR, FIXED, COMP: 22 ohms, 5%, 2 watts RC42GF220]
R1641 RESISTOR, FIXED, COMP: 3.3 k ohms, 5%, % watt RC20GF332]
R1642 Same as R1638
R1643 Same as R1641
R1644 Same as R1641
R1645 RESISTOR, FIXED, COMP: 680 ohms, 5%, Y% watt RC20GF681]
R1646 RESISTOR, FIXED, COMP: 10 ohms, *+5%, % watt RC20GF100]
R1647 RESISTOR, FIXED, COMP:; 100 k ohms, 5%, % watt RC20GF104]
R1651 Same as R1638
R1652 RESISTOR, FIXED, COMP: 3.9 k ohms, +5%, ! watt RC20GF392]
R1653 RESISTOR, FIXED, COMP: 2.2 k ohms, 5%, ', watt RC20GF222]
R1654 RESISTOR, FIXED, COMP: 1000 ohms, t5%, % watt RC20GF102]




RECEIVER AF BOARD A10541
SYMBOL SERIES 1600

SYMBOL DESCRIPTION b ART NUMBER
R1655 Same as R1647

R1656 Same as R1641

R1657 RESISTOR, FIXED, COMP: 22 k ohms, 5%, % watt RC20GF223]
R1658 Same as R1653

R1659 RESISTOR, FIXED, COMP: 33 ohms, 5%, '; watt RC20GF330]
R1660 RESISTOR, FIXED, COMP: 3.3 ohms, 5%, 1 watt RC32GF3R3]
R1661 RESISTOR, FIXED, COMP: 470 ohms, *5%, % watt RC20GF471]
R1662 RESISTOR, FIXED, COMP: 1.8 k ohms, 5%, % watt RC20GF182]
R1665 Same as R1639

R1666 Same as R1640

R1667 RESISTOR, FIXED, COMP: 27 ohms, 5%, 2 watts RC42GF270]
T1603 TRANSFORMER, AF TF267-3
T1604 TRANSFORMER, AF TF267-2
T1605 TRANSFORMER, AF TF267-5




TRANSMITTER AF BOARD A10540

SYMBOL SERIES 1700

SYRMEBFOL DESCRIPTION PARTTIPJAL(J:MBER
C1701 CAPACITOR, FIXED, ELECT: 6 uf, 15 WVDC CE105-6-15
C1702 CAPACITOR, FIXED, CERAMIC: .2 uf, +80%-20%, 25 WVDC CC100-33
C1703 CAPACITOR, FIXED, ELECT: 50 uf, 15 WVDC CE105-50-15
C1704 Same as C1701

C1705 CAPACITOR, FIXED, ELECT: 10 uf, 15 WVDC CE105-10-15
C1706 Same as C1703

C1707 Same as C1705

C1708 CAPACITOR, FIXED, ELECT: 4 uf, 15 WVDC CE105-4-15
C1709 Same as C1701

C1710 Same as C1703

C1711 Same as C1702

C1712 CAPACITOR, FIXED, ELECT: 20 uf, 15 WVDC CE105-20-15
C1729 Same as C1705

C1761 Same as C1702

C1764 Same as C1702

CR1701 DIODE IN34A
CR1702 Same as CR1701

CR1703 Same as CR1701

CR1704 Same as CR1701

CR1705 Same as CR1701

Q1701 TRANSISTOR 2N1308
Q1702 TRANSISTOR 2N1370-4
Q1703 Same as Q1702

Q1704 Same as Q1702

Q1705 Same as Q1702

Q1706 Same as Q1701

Q1707 Same as Q1702

Q1708 TRANSISTOR 2N2001
R1701 RESISTOR, FIXED, COMP: 22 k ohms, #53%, % watt RC20GF223]
R1702 RESISTOR, FIXED, COMP: 10 k ohms, 5%, % watt RC20GF103]
R1703 Not used

R1704 RESISTOR, FIXED, COMP: 4.7 k ohms, *5%, % watt RC20GF472]
R1705 RESISTOR, FIXED, COMP: 2.2 k ohms, 5%, % watt RC20GF222]




TRANSMITTER AF BOARD A10540
SYMBOL SERIES 1700

SY!?WEBP:)L DESCRIPTION PART NUMBER
R1706 Same as R1702
R1707 Same as R1705
R1708 RESISTOR, FIXED, COMP: 68 k ohms, 5%, ¥ watt RC20GF683]
R1709 Same as R1702
R1710 RESISTOR, FIXED, COMP: 3.3 k ohms, 5%, ¥ watt RC20GF332]
R1711 Same as R1710
R1712 RESISTOR, FIXED, COMP: 220 ohms, +5%, ¥ watt RC20GF221]
R1713 Same as R1702
R1714 Same as R1702
R1715 RESISTOR, FIXED, COMP: 8.2 k ohms, +5%, Y% watt RC20GF822]
R1716 RESISTOR, FIXED, COMP: 3.9 k ohms, *5%, % watt RC20GF392]
R1717 RESISTOR, FIXED, COMP: 1000 ohms, +5%, % watt RC20GF102]
R1718 RESISTOR, VARIABLE, COMP: 500 ohms, +10%, .25 watt RV111U501A
R1719 RESISTOR, VARIABLE, COMP: 250 k ohms, :10%, .25 watt RV111U254A
R1720 RESISTOR, FIXED, COMP: 1.5 MEG. ohm, +5%, % watt RC20GF155]
R1721 Not used
R1722 Same as R1702
R1723 RESISTOR, FIXED, COMP: 5.6 k ohms, +5%, % watt RC20GF562]
R1724 Same as R1704
R1725 Same as R1702
R1726 Same as R1717 |
R1727 Same as R1723 ;
| R1728 | RESISTOR, FIXED, COMP: 100 k ohms, 5%, ! watt RC20GF104] i‘
i R1729 i RESISTOR, FIXED, COMP: 150 k ohms, +5%, ! watt RC20GF154] |
R1730 Same as R1704
R1731 Same as R1705
R1732 Same as R1715
R1733 Same as R1729
R1734 ! RESISTOR, FIXED, COMP: 33 ohms, 5%, 1 watt RC32GF330]
5 R1735 ; Same as R1729
| R1774 RESISTOR, FIXED, COMP: 100 ohms, +5%, % watt RC20GF101]
T1701 TRANSFORMER, A.F. TF267-4
T1702 TRANSFORMER, A.F. TF246-17Z




TRANSMITTER IF BOARD A10603
SYMBOL SERIES 1800

REF T™C
SYMBOL DESCRIPTION PART NUMBER
C1801 CAPACITOR, FIXED, CERAMIC: .01 uf, 500 WVDC CC100-16
C1802 Same as C1801

C1803 CAPACITOR, FIXED, MICA: 22 pf, 5%, 500 WVDC CM111C220J1S
C1804 CAPACITOR, VARIABLE, CERAMIC: 9-35 pf, 100 WVDC CV112-2
C1805 Same as C1803

C1806 Same as C1804

C1807 CAPACITOR, FIXED, MICA: 1000 pf, +5%, 500 WVDC CM111C102J1S
C1808 Same as C1807

C1809 CAPACITOR, FIXED, MICA: 47 pf, 5%, 500 WVDC CM111C470]J1S
C1810 CAPACITOR, VARIABLE, CERAMIC: 10-75 pf, 350 WVDC CV109-8
C1811 Same as C1810

C1812 CAPACITOR, FIXED, CERAMIC: .2 uf, +80%-20%, 25 WVDC CC100-33
C1813 Same as C1807

C1814 Same as C1801

C1815 Same as C1807

C1816 Same as C1807

C1817 Same as C1812

C1818 Same as C1807

C1819 CAPACITOR, FIXED, MICA: 100 pf, +5%, 500 WVDC CM111C101J1S
C1820 Same as C1801

CR1801 DIODE IN34A

CR1802 Same as CR1801

CR1803 Same as CR1801

CR1804 Same as CR1801

CR1805 Same as CR1801

CR1806 Same as CR1801

CR1807 Same as CR1801

CR1808 Same as CR1801

FL1801 FILTER, USB FX10014-1
FL1802 FILTER, LSB FX10014-2
L1801 COIL, RF, FIXED: 1000 uh CL275-102
L1802 Same as L1801

L1803 Same as L1801
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TRANSMITTER IF BOARD A10603

SYMBOL SERIES 1800

DESCRIPTION

T™MC
PART NUMBER

Same as [.1801
Same as L1801
TRANSISTOR

Same as Q1801
Same as Q1801
TRANSISTOR

Same as Q1804
Same as Q1804
Same as Q1804
Same as Q1804

RESISTOR, FIXED, COMP: 1000 ohms, 5%, » watt

Same as R1801
Same as R1801
Same as R1801
Same as R1801
Same as R1801
Same as R1801
Same as R1801
Same as R1801
Same as R1801

Same as R1801

Q - . D1on1
Ddliiic d> N10VU1L

RESISTOR, VARIABLE, COMP: 500 ohms,

Same as R1813

RESISTOR, FIXED, COMP.

Same as R1815
Same as R1815

Come aq R1R1E
1

wamo ads X )

RESISTOR, FIXED, COMP: 4700 ohms, :5%,

Same as R1819

RESISTOR, FIXED, COMP: 470 k ohms, 5%

RESISTOR, FIXED, COMP: 47 ohms, =5%, %

RESISTOR, FIXED, COMP: 100 k ohms, 5%

10 ohms, 5%, &

+10%

4 watt

Y, watt

, Y2 watt
watt

, Yo watt

2N3904

MPF104

RC20GF102]

RVi11US0IA

RC20GF100J

RC20GF472]

RC20GF474]
RC20GF470]
RC20GF104]
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TRANSMITTER |IF BOARD A10603
SYMBOL SERIES 1800

SYI:HPIJ;)L DESCRIPTION PARTTI\I;AI(J:MBER

R1824 RESISTOR, FIXED, COMP: 15 k ohms, :5%, Y watt RC20GF153]

R1825 RESISTOR, FIXED, COMP: 3.3 k ohms, £5%, 1/2 watt » RC20GF332J

R1826 Same as R1822

R1827 RESISTOR, FIXED, COMP: 6.8 k ohms, 5%, % watt RC20GF682]

R1828 Same as R1815

R1829 Same as R1801

R1830 Same as R1825

R1831 Same as R1824

R1832 RESISTOR, FIXED, COMP: 330 ohms, *5%, 1/2 watt " RC20GF331J

T1801 TRANSFORMER, RF 'I;ZIOOOI

Y1801 QUARTZ, CRYSTAL: 1750 kHz CR10008-
1.750000 MHz

Z1801 OSCILLATOR, OVEN, PROPORTIONAL NF10002
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AUDIO PREAMP/CW OSC BOARD A10598
SYMBOL SERIES 1900

syl:g:)L DESCRIPTION PARTT;IWI(J:MBER
C1901 CAPACITOR, FIXED, CERAMIC: 0.02 uf, £80%—40%, 150 WVDC CC100-35
1902 CAPACITOR, FLAT, FOIL: 0.022 uf, 250 VDC CC10011-3
C1903 CAPACITOR, FLAT, FOIL: 0.33 uf, 250 VDC CC10011-10
C1904 Same as C1902
C1905 Same as C1901
C1906 CAPACITOR, FIXED, ELECT: 10 uf, 15 WYDC CEi05-10-15
C1907 Same as C1906 |
C1908 | CAPACITOR, FIXED, CERAMIC: 0.2 uf, +80%-20%, 25 WVDC CC100-33 |
C1909 CAPACITOR, FLAT, FOIL: 0.01 uf, 250 VDC CC10011-1
CR1901 DIODE, ZENER IN758A
CR1902 DIODE IN34A
L1901 INDUCTOR: 1.2 H CL10033 |
Q1901 TRANSISTOR MPF104
Q1902 ! Same as Q1901 ,
Q1903 1 TRANSISTOR IN3904 ,
R1901 RESISTOR, FIXED, COMP: 33 k ohms, +5%, % watt RC20GF333]
R1902 |  RESISTOR, FIXED, COMP: 4.7 % ohms, 5%, % watt RC20GF472]
R1903 : RESISTOR, VARIABLE, COMP: 10 k ohms RV10005-7
R1904 |  RESISTOR, FIXED, COMP: 22 k ohms, 5%, % watt RC20GF223] ‘
R1905 | RESISTOR, FIXED, COMP: 100 k ohms, 5%, % watt RC20GF104]
R1906 | RESISTOR, FIXED, COMP: 8.2 k ohms, +5%, % watt RC20GF822] |
R1907 | RESISTOR, FIXED, COMP: 2.2 k ohms, +5%, % watt RC20GF222] |
R1908 | RESISTOR, FIXFD, COMP: 330 k ohms, +5%, % watt ‘ RC20GF334] |
R1009 RESISTOR, FIXED, COMP: 3.3 k ohms, 5%, % watt | RC20GF332]
R1010 | RESISTOR, FIXED, COMP: 270 ohms, +5%. % watt | RC20GF271] |
R1911 | RESISTOR, FIXED, COMP: 15 k ohms, 5%, % watt | RC20GFIS3) |
R1012 RECISTOR, FIXED, COMP: 6.8 k ohms, +5%, % watt | RC20GF682) |
1 |



SCHEMATIC DIAGRAMS

7-1



(6 30 T I139HS) NOILOAS JAAIFOAY ‘VOT-YLL ‘WVYOVIA OJILVWIHOS ‘I-L mANOId

4f NI 3ONVLIDWAYD ‘2

M 2/1SWHO N! 3ONWLSIS3Y
. 1Q314193dS ISIMYIHLO SSIINN =
T3I0R €l ANOJ 0344 ¢
ano _
1 (JuuLL
37N00ON
YILYIANOD ¥3AI3D3y INO 2
& A TINNVHD w_A
LNdNI INV | 'S
1061 81 0/d
nan 23 AZ + 6
1NdNI
ﬁ..\. = £ “Jov (v 133HS 33§)
(9—00G1 %)
GN9 21 ol|_ S [P ey TOAZI+
_ " By
= :
v] o —1——o¢ I_.l < | S ONO Alddns _ I (v2we g2
WHVIY Lndino NIAO |1 -00s!r)
woanos {2 €| © o¢ ) Wyv1y I VA LI
HOT3N0S & < | »1 1% 1ndino & ol L -
9| o 0 2
(€ 133HS 335) 1051'S O/d nsi e ord ! 1St P 0/d
Q¥vos 4v H3AIFIIY | |
] “ (b-
-
! m °6 1NdNI 29V 9 o— _7 ! .
|
AN | (3INI) N\
19 2 yb—1 o8 | N\
Wea o ¥ 1ndLno olanv LN\ _ g L0dM 1NOD 0344 » —
1) | —
€ 12 3 -
= _ o= (£-giIr) _ aaans ) N> |_\ﬂ.|
_ um LNdLNO 29V € O " 5 - N3AO |
o—— = (E—2I6I P
LNdNI olanNY €1 o Lo S SISI ¥ | < { sir) €l oi S
— * T0A = | aNo N (-
= o—
Iul “ . < 21 20 A2l + ¢ —
aN9 2 | o (3NIT) LNdNi OtaNVY O} o— = = -0 $ LNdLNO 0IaNY _ ano 2 | > (1=
_ _ | = N
8 = ( 2 133ds 33s) i T ANdNL LNV | ©
13 o g iNdLNo 0l16NY H S—eiLol v | ! aNS
owumw.uw.ﬂo_,._. + 0002 (¥ L33IHS 33S) ayvoa 41 H3AI1303Y //
ATIVNHON _ oSty EroosiN, _ N —5 s vl % LNdINO 41
i INOD A2~ b1 o— A2l— T ( )uuLyL
14l > (pl=€IS1 1) 3IN0ON (6-
1ndNI 31 | o— 5 ¥3LHIANOD H3AI3O3Y
- (€—1081 3 ) < (p1—216I ) I # TINNVHD {6-
INOD A2l + Il o — - A21 +
0061 S 234 A2+ & >
¥INVIdS _ =
)\ll.ulu $IS1 P O/d vISI P O/d
ano | | > - 31
T 6isiy 101 %
me _ AVI3H 85 ¥ADM
NO! I =
9zsl Y LNdN! 13A37 ol !y 8
¥39914L HOT3ns ! O -
3031d8v3 ¢ AN H213NDS S Nid =
N6°E 1NdNI 038 § © \w - G4V08 4l HINX v
szsiy (v 133HS 335 ) T _
i 851 3
1i3SONVH n
stsir o/d asn | I £0SIS
(v 133HS 335) 3I9VII0A ATddNS 8SH 4 ﬁ_/ HADY
(LvS14)
e AZi+ I
{XOA ILNV L1G1) 39VI10A AlddNS 8S1 8 o , A
(b 133Hs 335, 8s1 2
LERLL ‘33 20A 21+ 2 00—
!
o—
. v 2z x314na

906Is



4 Nt 3DNVLIOVAYD ‘2
'SAHO Ni  3ONViSIS38 ) )
1@314193dS 3ISIMYIHLO SSIINN |Hﬁ =
i £l 1NOD
., T3Iowm e o3ud v > |zz woowam
< ja =
(JuuiL 14 vd
31N0ON
¥3LY3ANOD M¥3IAIO3Y OND 2
¥ # TANNVHD ‘._4 = 7 | 9 ONo
INdNE ANV 1| D & ’ . T . \
= (ore6-oisir) [—a—A—d> | 42
( ¥ 133HS 33S) " | VA LI
2IAZ + 6 (1B OI—I1ISI ) | ———) S |2
g
i (rd1) > |51 93w Azt —
20 A1+ § — — 2+ (¥ 133HS 33S)
.Hl €~20S1 -1 5 | vl 938 A2I+
= " R
T—< [ s ano A1ddNs i {vee €2 001 0/d
NIAO I -o00sir)
I VA LI
S < | vt 1 # 10d1n0 41 ol 4 2061'S 0/d
|
10S1'S O/ gl ¢ o/d " 1St F 0/d | -
| o |
_ - 4 |
| (PESI ¥) AZI+
! | (v-251 1) ~-—0 _
| |
,_ N H (p=SIGI r) a8 o 4 _ ¥31418v1d
" \ 2
| AN |
1NdNI
_ | // 1 < 1€ “Hov INOD D3N ¢ — _ N
| H \
| o—w(c-gISIT) " e_
I 2 = Addns IY =
1NdLNO 29V § © = |
[ N3AO 1 | O—o I—l
i O— (£ —2IGI ) < ¢l ol ] D L v |
c t
| and (1—2i1s1 ) ! zos1r
| o / J20A21 +§ € ] —~ ANV HADY
| v < et = 2| ~
O ¥ 1LNdL1NO OlaNnv I anNo 2 | > G=gisir) 3 |
| _ - N i
{ 2 133Hs 33s) 1ndN1 INY 1 | D © N
S—giz0l v _r T | st ano ! N
o¥vos diI ¥3AI303M \ b
AN o bl | % 1Nd1NO 31 — o !
| = \ 1 < . _
| ( yuuiL 1
| Z (pl—-€iSIr) 37INAON (6—21si ) .‘Ilno |
1NdNE 41 o S HILYIANOD  M3AIITY _
< (pi=216i ) | # TINNVHD (6—g1gi f) ~-—o 3 |
|
?v 238 A2+ 6 N |
! A
N
$IGI I 0/d vISI P 0/d
1061 %
_ AVI3Y 8S ¥ADY
= o | o) ONVE3aIS
8 310N3d
S Nid =
LINdNI 048 §© o — QHVOE 31 HLNX - |_|
{» 133IHS 1335 T 1 oST 81 0/d
{ as” 3JL1OW3Y /8SN
|
ts
3I9VLII0A AlddNS @SN ¢ o asn _fr m%\mom
€
39VLI0A AlddNS 8S7 8 o A
8s1 2

(=3
w
x
w
[
>
o
+
~
[=]

(¥ L33HS 33S)
S-00SIX

ISAkL]
J3¥/LINX
ACi+

M —



(6 Jo 7 IAdHS) @YVOd dI JIAIIOAY ‘VOT-YLL ‘WVEOVIA JILVWHHOS

LNdinQ 01anv ¢

‘T-L FANOId

HA NI 3DNVLONANI
41 NI 3ONVLIOVIVD

SLIVM S2°0 'SWHO NI 3ONVLSISIN
‘03L1VLS 3ISIMMIHLO SS3INN
310N
UNnI kvoo Ll 89 wooL €€ woolwool Livoo 001 ool sv0'0.L 128 Suwool oo Ae € o oL 0ol
614 v2I T Ly €20 T Sy 022 T 612 1 T 812 eIy 200~ 110 21d 80 "y oly 95 'Y
> S S = 1 I—l
woo L 100l ool 21 = o RS
820 T 20T $20 T CIHY o (85 o
/1 S 14 8
2 “8%° 1€ ~ o )
L] 1 .
V€ NI /(\1 L90°0
£ v 3 v v < v |_w NMQ SO1 IdW 22
8 »0
m\ 44081 2L sosS 408! w\m 0SSI ON
L W ~
ly AAAS— S Ommn.:u €L 220 T vy §12 A In 000l
S 220 = NS 11
¥ 629 m." ] AN
i a 8 8 b
| Ay 4
N = 0’0 = =
= i = =
N T 6 3
L90°0
HE) |_|
AANS
RN 900 L 0001 Lv00.L 00! NI _ - Lv0°0 L 00i
ozy 920 T 21 SO T ¢sd v I_ll Il_." €2 Iﬁ 1y
o._H O )
PI0T+ o (@sm o2
© 174 w £
AAAS 1€ - ) o4—) T|I£H
0zz V e N Lv0°0 GOl 4c
oLw ) 189 oo_mo&z ¥ 5
12y AN
M
3
AAA—
Al
2}
ot L Hi2 VESL NI 00 L
s€o T, 62y 94D \#w ved T
220 L V vE NI UN I ol L [o]}] L iv0°0
9€ 2 AAAS suy ¥ STy Q> 2edT, v2Y - g0
ez
L2y
ne'e
azy
Ne'e I :
osy h
£ Pt
820€ V3 eoé— ¢ bt - Ve NI
v n 1°0 Vbe NI €42
S €€2 v ¥ S0i daW
ﬁ 90 806k N¢
i c so
MEX 00| 8
92y €2y 22y




HA NI 3INVLONGNI
47 NI 3ONVLIOVdVD
SLLVM SZ°0 ‘SWHO NI 3ONVLSIS3Y

‘G3LVLS 3ISIMHIHLO SS3TNN
310N

f
-

w00l w00l L 1000 keoo ] 000l %*2°8 Go.olﬁ oot AE'E wo' oL 0ol Ne'g
029 T 619 7 819 2% 200 "o 214 S 8 i oty 90 — 8y 9y
4 é
m (tasm &
> L L L8 o Bl &
— o i
il LAl
L /(_\ L60°0 o
2 v A GOl 4dW 22 s Mus_
v A AAY: :
2
) d
0ss1 oW 2L it Y &0 0861 oW N
en /m n
A o 8 39V1I0A A1ddNS 8S7
] ] i
6y
= =3 IIT
oo L ..
T T T
AT AT s )
0001 0001 4v00.L 00l E'E - _ 00 L 001 ol 4
v 21 SO T Sd (2] Il_“- I.ﬂ- € T K]
(S -
»vo.ou_\l »vo.oH o._H S, 3 T
12 912 vIdT + M (85N) m
T T § 1w 8 -\ s
! o) UOI w -~ O o— I LNdNi 4Ji
0z2 \_/ iv0°0
| €1 sol Idm v sOT
g AAA— 0. 39VI10A A1ddNS 8SN
Xl
£y
AAA—
A1
2y

© S 1NdNI 048

820¢ v2
v N

—o0 £ L1Nd1NO D9V

VrENLg  UNI D o1 L oS Lzvoo
sud sy zeoT vy T €2
i
[ Ll
T } Ve N
VoE NI 3%
b §d cor 2w
ob 906€ N2
5o
%9'G ool 8l
92y £z u 2z y

S}

—0 2 'LNOD2 DQA 2I+




(6 30 € 149HS) QIAVOL OIANV JIAMOTI ‘VOT-YLL ‘WVYOVIA OJLLVWAHOS

‘T-L TANODOI

Oounu

"S3IYUNIHOMOIN

_ N6-g NI 38V S307TVA FONVIONONI TV ONV ° SAYNVIONOIN
_ 65910 25914 %01 NI 3¥Y S3NWA 3IONVLIOVAYD 17V ‘SWHO NI 3¥V
is9Iy S3INTIVA 3IONVLISISI¥ 1V ‘031310346 ISIMNIHLIO SSITNN °I |
| WY 3N _ 310N |
¥ —0LEINZ O— @N) 1NdNI Ol0nY
_ 81910 ot _
- O
- . o5 ) reT O 1NdNl 29V
(INID 10d1NO 010NV |- 1 Og w__ oo _
g 2 84910 _ '
! ¢ €09IL = %6l
29914 _
oLt »z2
_ 19914 26914 Y-OLEINZ ¥-0LEINZ
= 02910 61910 _
A . N 1NdN1 M3ATT
_ A2l - TNV v O
1094 Az2 100-0 N ERCLIET wz2-2 I 4399IHL KOTINOS
8591y osa1n soo
AVI3Y HO3NDS _
_ Y3IAING AV NOOH
_ 1002N2 w9y n _
12910 nee g vsoty
_ 9591y _
_ 123
esoly Azi-
| AZ- _
O .
O,
1ndino | & | A2
WYYV HOT3NDS ] g v _
O— I AZI- o _indNI
\ ¢ ! - o1 A2zl -
6£0INZ v _
| Ligp
| “IdWV ¥3MOd OIaNY
I0d - HSNd 22 e Aeg »-0LEIN2
I - ov9Iy roou SI9D
= 089 A2l A=A =
| 8~H+ A+ svoly -
_ | 0931 3 1 o _
indino O __ A __M|I|>~T IdNY OlaNY ONZ Ol
Mda T -
orany _ 0 v 4 3 JJese = = oc9ly o ano
o] 22 oo I _
_ 199y 2z ¢ A2l + N Aee 100 )L —0 1ndNt
X 1= el
s99in S Mvw.w 1p91y 6£910 .ﬁ. Ni-b 0 €l olanv
_ ot Avi- Tfy S90IY 1591 _
0991 ¥
_ -\ ol New
»-0LEINZ 9¥910 il
vo9llL v1910 A LNdNt
w 6€0INZ AT+ O P
91910 * n _
— A2l - ¥
%001 _
| o914
— _

— — — —

— — — —



(6 3o ¥ LA9HS) NOLLOAS VHALLINSNVIL ‘VOTMLL ‘WVYOVIA DJILVWHHOS ‘I-L TdNOLd

sysiy
“rov 50 W 1037138
36v
201 21 o—f
_ 61518
17ddns N3AD 6
\’Il\//u\/\u/ B 006IS 0/d =
¢ = ! |_|
e “ o s vIL = w [
| » S
Mo 1 | (6 133ms 335 ) - LLVM 2/1 'SWHO NI 3V SIONWISISIM 1V 2
EE | ouvoe 4% NI 3HY S3ONVAOVGYD IV 1 T
H NOLLVHBITYD ¥ILIW ~ O/d opum o 1033103dS ISIMHIHIO SSITNN (1 133MS 335) H = =
= i 338/ LiNK B EELT N S Nid = G 1ndIND 04R T T
- bl | BETCT (Quvo@ 31 3A3DIM ) a2 Iy
1 ,
005N mw | 00s1 81 O/d oo -
— v 2 NIV XOA
4
" & 1.
IR =
s T " F 0002 (4 1330S 335)
10§19
—o
“ - Z - auvoa
18 1
| har H V4 vei 9 S ’ . -
1 13 MIALLINSNY YL pist ¥
N 1483 0002 (8 13315 335) —C—1—
Pl R - ¥ %907431N) o NIVO 4V T~
lsl's 4403 = ozerd o 08 e = » #1INNVHD >-vosit)g ¥ #TINNVHD v
HILIN Vd 14 31nGON
0002 Ll 0002 300N o 1Ll S——1—
vuLl — 0/ i9-50611) 2
1£619 18615 o N
300H1VD vd
e ~ ' | o L Lk uumv.
- A1ddns v2 @ 52-008I ¢
81611 _ _ = —< | 9% soowaims | >4— i ) P> |2 w4 ve _ NIAO A L1l
| 0%11 ¥ = :
NdNI
0002 Ll 0002 SOSLE ! osir | < [ ano s > oy
0€s1 2 8551 iz o1 6051S 0/d | | - 1ndLn0 _
95612 9vSI Y _ | Iﬂl € 38 ANdNI 41 9 L=
| “ INX AZI+ 1
=] 0 @i 0001 4_‘ 4_1_.:.0 ‘_‘ 000¢ o
T v XJ0IWILNI . 9081 2 T Svs1d 40819 Liwx o0 Az L oo0si ¥ 0/ v
[ = —o
= vd = !
T Y € AOOY + LINX A2I- 8
(9 133MS 335) H T € Qi vd 621 o%%oN lv_I 1 —
auvos J01v —— €811 o5l 1 E) 00817 0/d 081 o8t
ONIY3LIN LNaLNO FC | one N TN\\ 0 5i0) = | TI0HINOD 8SNn 9 |
o=t a2t % 021 ooz | 80Si S Oa !
v -pOSIT) 10811 20611 50812 !
o PPN |
! v #TINNYHD > 1 w can__ s o | | TTO8INGD 8T £ o] <0sIS 0
4
TNcow 10614 va = _ | | | ~
e L vH1L— 0/d = T | = 1 ! !
s961 5 1 000 |~| Y | L £%5
' = \
INO i o
~ zisid | #TINNVHD Hooo. < Aiaans ° “ | oc ano 0HLNOD 8ss i N
- (1 o
! h v 3ngon Jrosid ¢ indine o\ = | CEELLES 8 wWeaqoz-
T U
I TR I T y voiL—on ! s YlH poril i 1404100 4 il
o dEHa) B i
I T (€ HDINY) (Va2 M) 2 W atoool ozl ) | 1NdNE 41 9 N mon
i Ny o §261 0 90si1 <is19 | ~ ~ //. ¥INX A2+ 8
v T N = i
_ 021 ] iv 0ls 0061 L _
| “ He H 0001 | 00SI ¥ 0/d | €€ cosid 20615 ——0 i X1ddnS NIAO © “
22610 | v 1 - M
| | | P ! 9%99 (180817} € ! L
| NN_ {9-¥0SIfi g T — — 00%iA Allub\w T v |
™ ! i wosiriz 8| | ool vt LNKAZI+ 1 {i-s0sif) NI (1 133uS 335)
| TN~ = ETCAVIIE T SO fEese T Nl (2 Nid 9061S)
| N\, A1+
021 = =
“ 2isi1 Hooo. L Agoi— N H H N ,“
£2510 € AoOB+ —
Le— o 0001 0001 D
— 1 #TINNYHD ‘L‘ ot v “ 9261 > 22612 . _
- i 3ncon R TR ! ) ;_- [ (L-80810) €
T veii — 0vd = femosin) &) | 1 oy TS i Aoos+ (1-60811) 2 L\n !
! (2-g0giry 2 14 s sev LINX DOA 82+ L AN
| ozt 0001 300HLYD va 2 N pisi o visid [ N
£1§17 vzs1o ° | N N
081 r A_v N 1 TINNYHD 1_
L .
h ~ = v
1ndino | st [N - NV < ¥ 23 ASIE+ L “ 37nGON i
Tihe i ] 1811 (ORI
D _ Tz an favs o ome 00§ o/d [P irrerreaag | o ! © ¥07MILN R P & o
lost ¢ > % Tews vy e zroe ez K 3l 0002 8 ¢ v LINX Azi-8 N “
| S vd = wowan s | > ~ §0§12 —|I|L— 00$1+ 0/d N
| = ! N 00s1 83 1\ ot oisir
ELT 08I T H 3\ LiRX 2 - —
Sm__ s o sl b i SrONEAe A 0051 8L 0/d
6051 s o/d 60515 prd 8o



T 1nani
a1v
1N 1x3 RS
3138 T "Zeo8s ML
]
L _ ,»,? (  133us 335)
207V 21 0— i (g25t ¥)
6161S XOA ILNV ,]
A1ddNS N3AO 6 6 Alddns
NIAO
00§1'S 0/d XOA LNV §I
fal Il
! - (n i T L wn
} . |
. “ vo009 {° ] H 1 BENESN
J 6 9] 5 )
2 . . - S ild
- LLVM 271 ‘SNHO NI 38V S3IONVISISI¥ 1TV 2 _
3T NI 3HV SIONVLIOWIVD TV 1 XOA &i 2 xon 0061 81 0/d
110 1@314123dS  ISIMEIHLO  SSIINA Gt wam_muum. ¢ 1n41h0 048 Wl = a8 o .
4 - —
938 _.3Ton (cuvog 41 3AIIIIY) ~ ne LN - = 1061 s Y — 2114
SISy H [ € nive x0A H o L H
NIVO XOA 1®S12
1ndN1 T i
1nRdLNO PIN S v
’ 4 ¥ NIVS XOA NOBMYVD ~ < NOBNYD
{4 1334 338) te »w_ﬂdmonuuw. Z MO ¢ 9 K Z MO
0002
fost2 cuvos 3 Y ZIH Y S ININ Z K
= 43LLINSNVYL _
T 0018 41 "2 = ﬁ it o/d
3Uvd vdl 9 5 916D NILLINSNYHL vw.n_wm M: N Lo 5 ano (V)
NIVS 4V 7 o4 AN AN
¥ NI0THIUNI o> e v MIINNTHD YWY Ntvo . {§ 133MS 335 )
¥ #IINNYHD vosifle 21aoN N of oo 08 ¥OLYTIIISO MO
3Inaon Sy Jre N dnv-3ud olanvY
— 0/ B -
vaLL — 0/d o JJ.. = NO 950 Z o—]
300H1YD vd 2 o1 {1 433M4s 335)
_ S |20 wa ve A1ddns (v2 8 £2-008I 1) oo »
| <2 w0 | >4 223 _ LEICIA oA LN g R 10dNt 01NV 9 1=t 4100 0I0NY  AZI+9
$0s11 = 10dN1 3A140
osir 1 cosif = [rone § v:..w“ onv Olanv A2i-91
i I -
1Ndino S0GIS =
{ = & €100 1nami 41 9 100 NI 0/d r
| |~| ¥3dd11D 1 0 ¥3ddI1
| LIMX AZI+ ¢ N vOSI § 4
4_\ ,_\ H 002\ ,yqqy 34470 210 o L yano
\I\\}\{.T\r) 0001 FLIN 000€ LINX 30 ABZ+ ¢ 0061 ¥ 0/d v J\wu o
® ¥20WILNI et 90610 T svsid 40812 - o6 Azi+ 12
> | € roov + LiNX A2i- 8 T
£ 0¥ vd ot 0002 L
- £0s11 081 1 80612 0061 & 0/d 20810 _ s 10HLNOD 8SH " asn ¢
H_ 3 T _ 80S! S O/d H]..Jo»'_
0z R
L 10811 A %85 i 108LNOD 857 2 A
an | 20611 80%1S 0/d ) | SosIS 07 as1 2 |
] 1/\!\.()[\\. i
| | ! " 2061 % AJ
_ = 1 1 . (8 L33HS 338) AVT38
T Au ¥ = S auvos as WINX o Qe
2 NOUVHBITYD ¥313N —O/d —
2 0001 M daaans | —o¢ oNo 0ULNOD - 8 : *
1 o—§
L#IINNYHD Lol R »:au.ﬂ._o nanol 6 — ¥3IBHVD °  wacoz- X 0061 @1 O/d
3ngon s | > 5 £110d1N0 3! :9]-«
vHLL— 0/d MOW °
i 1NdNT 4t 9
B HINX A2+ 8 |
1y ¢ 00§IL 1
TT cosiy 2900 XlddNS N3AO & T
4 0 L (1 133K4S 33S)
(1-808I1) €
-——o 9N99 s & v 9061 S
(o Vvositi e i — 006iA t-60si7} 2 3 (1 i33MS 335) Lo Je e
TR noowm_.., vd! LINXAZI+ | 0 // i (2 Nid 9061 $) A t A2+
3ivid vdi 9 N AZi+ “
N H H =3 GRS ——° ! !
L— | 0001 0001 | o |
v | 9251 2 .ﬂ»uo_u — {L-80810) ¢ ' I o3
S vrraerad L *———0 6 00 ABZ+
i2-»0siTi € ——¢ f(rH?( o Ao i Acos + t1-60611) 2 .\ " “ ﬂ_\ z 3397 1Y
=P EN s ssy LINX DOA8Z+ ¢ A i
12-g06iry 2 ! vigia [ N o ©° ~ 0061~ 0/d
300HLYD vd 2 N »1$10 N m J3n _
J_ | #IINNYHD 1_ _ 430 '
L o
c 1 = ERGELY v | o | !
+ i H o (9-835i1y €° “ v | 00%1 § 0/d () 133Hs 338)
! o— G %D0WILNI (8- 6081 M Nki\a H N\L\dm Pl
0002 n_ N’ _< LiNX A2i-8 ; AN 4
o . 60519 : 001" 0/d N
MI0THILNT
N 00si 82\ oisi oisir
sosir sosir QvOTHIA0 v | <
00! 81 0rd
601§ /d



1L

(6 Jo s IFAHS) IVOd dNV-ddd OIdNV ‘VOT-YLL ‘WVIOVIAd DILVINIHOS

‘T-L TANOIA

aN9 § O— )|
220"
10612
220’ | AL'p X¥ee
0610 T 2061y 10614
| |- —O0 | A3IN
| ¢ v0l 3dI
1¢ 10610
220"
SIIYNIH OMDIN NI 3¥V SIINVLIONAN! 20612
SQVHV4 OMOIN NI 34V SIINVLIOVLVD ne'e HZ'| 4 zez
SLLVM 2/1 SWHO NI 38V S3JNVLSISIM 6061y 1061 1 T €061
—:0314103dS 3SIM¥3IHLO SS3ITINN
T3LON = =
% 0l H_w
€06l Y MK A8°'9 [0’
1ely 2iely < 60612
zzo L 1_\
S0619 —02 NO 2SO0 AZI+
N2z Y YpE N
vo6lY % 00| 2061 82
1Nd1no olany , o \J soeld
\ L )
YO6E N2 % A = ¢ 0 v Z IH
€061 0 2z .
80619 ( - ol
01 4dW = 90612
2061 0
22
L061Y
NOEE Me'8
BO6I Y 906!y ~ ¢ 0¢ Z MOT
= o]}
B 10612
v 8SL NI
106! ¥2
AVAYAY, 09 A2+
0.2

olel Y



€I-L

[1 < .
(6 Jo 9 L49HS) YVOd OIANV YALLINSNVIL ‘VOZ-4LL ‘WVIOVIA JILVWIHOS I-L TaNOId
1 -—— — —— -—— -—— —— — -—— —— ——— a— —— L] — -—— —— -— -—— -—— L] - ——_— —— a—— —-—— u——— ——— a—— _——— —-—— —-— ——— -——— ——— — J
. AT+ %0S! _
seLiy = _ =
| - L o ,..,._'
N 83ANIBG AVOSE €1 - GiRT
AL O A2I+
— looznze H3I4MdNY D0 ontw . A+ 1z |
o 80410 »—OLEINZ . = AZI- O- AZI-
AVI3Y ¥/ O~ L0410 o
€l %z-2
— VYENI %Ol + 4 AZi- _
o Lt 3 oLid
sou ¥d %22 s2Lly yoLID T Azi-
AR WL —O- AAN— €214 H _
¥ oz ) 0% nze
_ vELIY A2i- A4 A= ol cou T GoLIN %0l
- beNI %89 20L18
o ——— o— v moatz { 90L1y "WV XOA-ILNV .\ 1NdNI
)
; 1ndNI L1d I i Yol 20L¥d 80EIN2 A/ rlg Y XOA-1LNV
A2I- 10410 9
! 6oLl )i Aze 10419 _
i - A 101
| vHENI 2.0 ALY
I = = lozi¥d zo0u19 »oLIY _
= .«_.. _ 02z H H - _ ' A2+
4F K 2L T, 20 T AZI+ AZl+ _ ‘M 2/1°'SWHO NI S83INVLSISIY 1TV
I A
= ey O mm on ) o— any 50 ._.:tu 9 n ‘47 NI S3ONVLIOVAYD 1TV
H 80€INZ saoT s T 196 AZi+ _ :@31319345 ISIMEIALO SSIINA
NOLlNg _ 90410 00 ol |+ g2y wol
—oL- szLiy
MNIVLi-QL-HSNd A+ VHENI anOh__m IdNY XOA 22.1Y —
%9.§ £0L140 y ¥-0LCINZ SIROT0d
Ad - 2.8 A2l- SOLI D H311iN3 31 ~
I _—— e - - ——
¢ 4 v-0LEINE 7 o INANT NIVS XOA 7]
VHENI 2-0 AL »0L10 ‘93IN G 20 £ — |
— ) 19219 vzLY ozLIy oL12 X
A2- i
AZl- AZi- — a5
_ e LI N
126 " S INJINO NIVS XOA
_ otanv AN 022 0§ %ol ¢ = s121y 80L10 _
$
NIVS OlanY —-— > e 041 £1214 wee ) A w_.ﬂ:ﬂ_
| )1 ¥ +7 WY 010NV AN nay olanv ot ° |
1 — N s2td
1 $—0LEINZ _
| _ 20210 4 o LNdNi
P o1 o s N NOBHYD
[ o o NEE A2l+
i _ _ vLL1¥ SOUD e
| T i Nt
O ', m¥/1 082 NI
1ndino owny i | e ~IL__ AZ ity o S
. it _
!
- 4 ToLtL rav 9Nidd 112 - | o o]
" — 2 39V1I0A ONIddITD no |
_ AZ1+
" — olanv EVIR) swor b =
PiLiY O
, —_— < 9
NYS 0NV 8 “IdNY NI Ay 1 | LndNi
_ closn_zm AI. oyl __ - —o— N
g0 = ‘*aV NEQ 02- W Am_ _ w009
_ AEE ¢ o L+ O
o121y L0219 _ zoLiL ¢ |
_ LI i
! Luy v ]
A2i-
r —— ea— ouwe s o——  Ammses — eam— —GE— — —— —— ——— - s ammse eEmmes ~———— —-—— — —-— 'A —— Gt L d — — —— o e ommm— -——— — enm— ——— — L



ST-L

(6 30 L 199HS) Q¥VOd d1 YALLINSNVIL ‘VOT-dLL ‘WVIOVIA OJILVWHHOS ‘I-L H¥NOIA

LIVM 2/1 ‘SWHO NI S3IONVLSISIY 1TV a
49 NI S3ONVLIOVEVD 1V i TOYLNOD

(ZHXM 0'€SLI — €°06241 ) I-4I00IXd SI 1081714 °| :SILON

—— CE— G  SEE— SV CEE—— R OV  CE— SN  CE— G— — — ———— et es— — om——

0 -
_ Q31VOION| 3SMY3HLIO SSIINN ___ Hyvo
_ lﬂ\ T H_H T T T h_|| (G 310N 335) _
— kIILT*( 1TV ane
H | \ 1" ) o . 0- ~ WO e
.azo_ i ¥OLV119S0 J_M» ks o Nuo
ol Hwl |, ZH) 0GL] _
| NG| anio- L 00| 1 10812
e BN S 0Z8I0 T 6810 T sost Ty o o 000!
€ Il L w_mr_u _
' TAANAN © 881
_ AEE Al 000! ===—== htﬁ_o,/._.\ L
| 1 R L e
Q 0l 4dW 7 VAVAYA A A% ot — A o asn
a3sn 10N | oool L 20810 — - H | _
v 88T = 20811
| 4"z H 0!I 4dW 0! 3diN _
_ Hw| 21812 90810 S08ID _
A2l + v08117 |_|
8 AN ose |
== === 8ISty
vheN| _
ogs 5¢-6 808I¥D _
2e81Y 90819 "
— VHENI
= = J“] = = | = = = Lo o 1081¥) oery _
o
H 2081714 pisid =
S2-01}L Wmm_wQ_m NEE H _
000! ol 18107 0281y 0 zz A afio
1810 8281y adz. b 2281y 50819 N 2081y 2080
21810 9281y 2! oss eBly
vesly oge S
20V o - YO6ENZ 90814 —
T "o /[ ZHY 0621 5 10810 = VAV w0l | oaw
| vosio i0BIA Y T o80T |
HOEENZ Qvommzw 000 00! © .
_ 0810 20810 808l 081D AANA—
— ) og'e
— IBlY VHENI
_ IPW . see $OBIND
%89 i NOLY Ot i N i _
: MO0l 1! = 18y 9081 1081y
_ rents H ARNE 51-01 czgmn (. Hwy < 128N T i yyen!
< 11 S0BE oigid y C o817 A 108114 _rll_ cI8ly
1Nn0 41 0— 14
I VPENI
< o8iL ] _ | _ Ll ° 2z L 108140
_ m €0810 vovm___m
2000! 4N ONISN N3HM Q3MINDIY HIJWNP ON '1000! AN ONISN NIHM ¥IJWN® Qav 'S | ose H
i 'NOILVII1ddV ,AINO 8S7, 804 QIAOW3IN 208174 v “ SERY | | ne) o WK
i *NOILVOINddV ", AINO 8Sn, HO04 GIAOW3Y 108174 ¢ — AN
| (ZHM 4°6bll— O'Lbll) 2-H00IXd S 208I 14 2




L1562
ci1562 CR 156! 1000
1000 IN34A —_
10— | ¢ i¢ 2000 2 OUTPUT
CI561 LI56I|| C1563 =~
- 33 uooo||i 1000 T
OUTPUT METERING AND ALDC BOARD
L1507 Li509 LiI510
L e CRIS00 iz “i20
3 o— Y _; ( ;' /Y, VYN o |
usoe” ci5174 4 cisis - c1519
750 i s T T 1000 T tooo
—0 2 GND
GRID METERING BOARD
R1508
27
AN © i OUTPUT
R1509
50
PA 1b
INPUT 2 O
-0 3
RI507
RI510 50
47 PA/G
GND § o~ A%
— 4
RI511
R1512 | MEG
47 PA/RF
AAAY *$
RISI3L
50 < —©6
AM
+i2 VDC 7 © i CARRIER
R 1514 CONTROL
50 VOLTAGES
~20 08 )
© 8
METER CALIBRATION BOARD
NOTE:
UNLESS GTHERWISE SPECIFIED: —
CAPACITANCES IN MICRO FARADS
RESISTANCES N OHMS, 172 WATT
INDUCTANCES (N MICRO HENRIES
FIGURE 7-1

i

SCHEMATIC DIAGRAMS, TTR-20A, METERING BOARDS (SHEET 8 of

9)
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ANTENNA

-
___PA _TUNE
SWITCH POS.|FREQ. IN MHAZ
S1102 | 2—-2.2
DA | NAD
TR v 2 2.2-2.5
3 2.5-3,l
4 3.01-4
- PA PLATE LYY
TI02
PA E%AD
cll
Sliol
390~-1400
PA TUNE PA TUNE b,
clio3 —? N Lo _Lcnn 4 dcna
12.9-342 7] Iconolg 2= <1000 T T 220
o
cios 1 9o 5o 000 | 25
560 = S T 220 o2 NOTE:
GND | ALL CAPACITORS IN pF
IPA TUNE
Ccliol
EIE 210-1000
L cros TIO!
™ 10. 8 yH
MN—]
——1
—Lfclio2
1”71 1500
JIO!
(l6ls]4]3l2]1 | ) CHASSIS INTERCONNECT
uJO
w X 092
E Q gxTO
< 9 oE
- o g
a 5 a9
a £ % g
FIGURE 7-2. SCHEMATIC DIAGRAM, TTRA-1 (SHEET 1 of 1)
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ANTENNA

PA TUNE
SWITCH POS. |FREQ.IN MHz
Si202 | 4-5
PA LOAD
2 5-6.3
384 6.3-8
3
«— A PLATE % al a'a ot Watorouil il N ‘é /A
T1202 ‘)_N
Si20I
PA TUNE IPA TUNE
PA LOAD z
1 ¥PA TUNE Cl205 A A 1 | Kk/
2~ Cl202 % 2.40- IIOO Ci206 4~ ~Cl207 ~ ~~CI209 AN
160 T 100 L/ VY ] TI20l
4
i_i
NoTE: {|6151413l21ll\ 11201

CHASSIS INTERCONNECT

PA GRID
GND

=

IPA PLATE
INTERLOCK

FIGURE 7-3. SCHEMATIC DIAGRAM, TTRA-2 (SHEET 1 of 1)
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Ci309
5.
ANTENNA Y
7! PA_TUNE
SWITCH POS. | FREQ. IN MHz
$1302 ' 8-10
PA LOAD
- 2 10—12.6
3g4 12.6-16
3
PA PLATE Ia'a'aVl Va'a'oll e Vo Vo Wil 4 9 2
Ti30z W ! PA LOAD
S " 1354 IPA TUNE
| 110-580 12
PA TUNE 42 CI306 Ci308
2 C1302 | Yo 4 A cizos L L 390 4 _lleo
Zf 10-210 d 3. 550 T~ T~ = =
2 Ci307
Cl303 1301 390
56 T PA TUNE ~~~_|TI301
GND | 4.6yH
J1301,
(1ei514312[1 [} cHassis INTERCONNECT
NOTE : WYy
ALL CAPACITORS IN pF 5% o S
_1 o O
a S x
g4 &
P
z

FIGURE 74. SCHEMATIC DIAGRAM. TTRA-3 (SHEET 1 of 1)
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ANTENNA

PA TUNE
SWITCH POS. | FREQ.IN MHz
51402 | 6-20
PA LOAD
2 20-24
3 24-28
%3 > 4 28 -32
< APLATE |~~~ L~~~y 4 Ps
TI402 | IPA TUNE
W {Rv a0 Cl40l
M— kz'PA LOAD 25-280
PA TUNE -7 C1403
= Cla02 ' o4 7T 110-580 - —= = klt<\
71" 10-210 A 53 cl404 C1405 Cl406
$1401 220 220 160
PA TUNE ~y__| T140I
-
43830881 Ji4Cl
e CHASSIS INTERCONNECT
. ¥ o
NOTE - S0 & Z
ALL CAPACITORS IN pF g & <
18]
gz

FIGURE 7-5. SCHEMATIC DIAGRAM, TTRA4 (SHEET 1 of 1)
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