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WARNING

Extremely high voltages (up to 3000V) exist in this
equipment, Observe all standard safety procedures
and safety procedures noted in this manual.



C OMMUNICATI O N S E NG I N EER S

700 FENIMORE ROAD MAMARONECK. N. Y.

Warranty

The Technical Materiel Corporation, hereinafter referred to as TMC, warrants the equipment (ex-
cept electron tubes,” fuses, lamps, batteries and articles made of glass or other fragile or other expendable
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 returned to TMC, unless a return authorization is issued by TMC.

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

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



PROCEDURE FOR RETURN OF MATERIAL OR EQUIPMENT

Should it be necessary to return equipment or material for repair or replacement, whether
within warranty or otherwise, a return authorization must be obtained from TMC prior to

shipment.

SRR T SR

The request for return authorization should include the following information:

Model Number of Equipment.
Serial Number of Equipment.

TMC Part Number.

Nature of defect or cause of failure.

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.
4
5

Equipment in which used by TMC or Military Model Number.

. Brief Description of the Item.

. The Crystal Frequency if the order includes crystals.

PROCEDURE IN THE EVENT OF DAMAGE INCURRED IN SHIPMENT

TMC'’s Warranty specifically excludes damage incurred in shipment to or from the
factory. In the event equipment is received in damaged condition, the carrier should be
notified immediately. Claims for such damage should be filed with the carrier involved

and not with TMC.

All correspondence pertaining to Warranty Claims, return, repair, or replacement and all
material or equipment returned for repair or replacement, within Warranty or otherwise,

should be addressed as follows:

THE TECHNICAL MATERIEL CORPORATION

Engineering Services Department
700 Fenimore Road
Mamaroneck, New York
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CHANGEQNC. 3

INSTRUCTION BOOK CHANGE NOTICE

Date December 22, 1967

Monual ofiected: _Linear Power Amplifier Model PAL-1KA - 523

Make the following corrections to the Schematic and Parts List.

a. Schematic Diagram Figure 8-2; change V706 to OA2 and
R714 to 3500 ohms.

b. Parts List; Change the description and part numbers as

follows:
PART DESCRIPTION PART NO.
R714 3. 5K ohm RW-110-48
V706 TUBE OA2

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

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

Atin.. Director of Eng. Services.



CHANGE NO. 2 PAL-1K(A)

INSTRUCTION BOOK CHANGE NOTICE

Date _ 4/5/65

Manual affected: __Linear Power Amplifier, Model PAL-1K(A) N -523

Page 1-1, paragraph 1-2,
Change 5th sentence to read:
'""When specified on order, the RFD-1A and PS-4A units
are supplied with chassis slides. The PS-5 always
comes with the channel runners on the chassis bottom
as shown in figure 1-3b. "
Page 2-1, paragraph 2-5a.
Delete 3rd sentence: "All three units are provided with
slides. "
Page 2-4, paragraph 2-5c.
Change to read:
c¢. INSTALLATION OF UNITS. - Follow procedure
outlined below for installing units equipped with chassis
slides.

Page 7-15, SYMBOL XF1701.

Revise TMC PART NO. to read: "FH-100-1."

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

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

Attn.: Director of Eng. Services.



CHANGE NO. 1

INSTRUCTION BOOK CHANGE NOTICE

Date October 4, 1963

Manual offected: Linear Power Amplifier Model PAL-1K(A) N =523

(a) page 3-4 Table 3-2 PAL-1KA Tuning Procedure
Step 1 Purpose should read "Sets level of ALDC
(Automatic load and Drive Control) at its minimum
voltage position,"

(b) Page 3-6 Step 23 Purpose should read "Adjusts bias for
ALDC operation,"

(c) Page 3-6 Step 24 Change operation to read
"Assume 1 kw PEP output: To check that ALDC is
effective, increase the excitation slightly;
the power output should be constant,"

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

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

Attn.: Director of Eng. Services.
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Figure 1-1a. Front Angle View, RFD-1A RF Linear Amplifier

Figure 1-1b. Rear Angle View, RFD-1A Linear Amplifier



SECTION 1
GENERAL DESCRIPTION

1-1. PURPOSE AND BASIC PRINCIPLES.

Technical Materiel Corporation’s Model PAL-
1K(A) is a conservatively rated general purpose linear
amplifier. It provides 1000 watts PEP (Peak En-
velope Power) over the frequency range of 2 to 32
megacycles from a 100 milliwatt input.

Combined with a suitable exciter, the PAL-1K(A)
forms a powerful and compact 1-kw transmitter
for CW, MCW, AM, SSB, ISB, DSB, FSK and many
other modes of emission. It is used as a modular
unit in a large number of TMC’s transmitter sys-
tems. It forms the r-f amplifier in the 1-kw trans-
mitters; in the 10-kw and 40-kw transmitters it is
utilized as an intermediate stage of amplification.

The PAL-1K(A) is composed of three units. The
commercial and military nomenclatures of these
units are as follows:

Commercial Military

RFD-1A Amplifier AM-2785A/URA-36 Ampli-

fier, Radio Frequency

PS-4A Low Voltage
Power Supply

PP-2765A/URA-36 Power
Supply

PS-5 High Voltage
Power Supply

PP-2766/URA-36 Power
Supply

Front panel controls provide bandswitching, sepa-
rate 1st. amplifier, driver and power amplifier
output tuning controls together with output load
matching controls. A multimeter with an 8-position
switch provides a convenient front panel check for
proper amplifier power supplies and output values
during tuning, Complete overload protection is fur-
nished by circuit breakers, ALDC (Automatic Load
and Drive Control) and a PA plate current meter
to warn operator when approaching overload con-
ditions. A safety interlock system is included to
protect personnel from shock hazards and prevent
overheating of equipment due to blower failure. The
final power amplifier tube is a ceramic beam pentode,

forced-air cooled by a built-in exhaust blower in the
RFD-1A unit. ALDC, neutralization and inverse feed-
back improve linearity and suppress unwanted trans-
mission products. A time-delay relay prevents the
PA tube from receiving high plate voltage supply
before receiving bias supply.

1-2. DESCRIPTION OF UNITS.

The PAL-1K(A) system units, RFD-1A, PS-4A, and
PS-5, are shown in figures 1-1 through1-3. Together,
they occupy a total of 35 inches vertically in any
standard 19-inch relay rack. The deepest chassis,
the RFD-1A unit, extends 17 1/4 inches behind its
panel. All panels are 3/16-inch thick and are finished
in TMC gray enamel. All units come provided with
chassis slides. Exhaust blowers, filters, and baffles
are built into the RFD-1A and PS-5 units for forced-
air cooling of hot spots; the PAL-1K(A) requires
no additional cooling device for operation.

The equipment is manufactured in accordance with
JAN/MIL specifications whenever practicable. All
parts and assemblies meet or exceed the highest
quality standards.

The RFD-1A unit weighs 46 1bs., the PS-4A 64 1bs.
and the PS-5 194 1bs.

1-3. REFERENCE DATA.

The PAL-1K(A) is shipped from the factory in
two crates, the contents of which are described in
paragraph 2-2. The gross shipping weights of the
crates are as follows:

Crate No Gross Shipping Weight
1 278 1bs.
2 209 1bs.

Tables 1-1 and 1-2 contain additional reference data.
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TABLE 1-1. ELECTRICAL CHARACTERISTICS, PAL-1K(A)

ITEM

CHARACTERISTICS

Frequency range:
Output power:
Input signal requirements:

Primary power requirements:

Operating modes:
Input connection:
Output connection:

Output impedance:

Tuning:

Signal to distortion ratio:

Harmonic suppression:

ALDC:

Safety:

Cooling:

Temperature and Humidity:

2 to 32 mc continuous.
At least 1000 watts PEP. 1000 watts CW and FS.
100 milliwatts produces full output.

115- or 230-volt single-phase 50- or 80-cycle AC,
approximately 1900 watts.

Cw, MCW, AM, SSB, DSB, ISB, FSK.
Type UHF coaxial.
Type C coaxial.

Panel controls output circuit to match any unbal-
anced load from 50. to 600-ohms at +45 degrees.

All tuning and bandswitching controls are on front
panel (no plug-in components).

Better than 40 db down relative to PEP output.

Second harmonic at least 40 db down and all others
at least 50 db down from PEP output.

An automatic load and drive control is provided
to limit distortion during high drive peaks or
load changes.

Full interlock protection. Full overload and fuse
protection.

Built-in high capacity, filtered forced air cooling.
Designed to operate in any ambient temperature

between the limits of 0°C and 50°C for any value
of humidity up to 90%.

TABLE 1-2, VACUUM TUBE COMPLEMENT, PAL-1K(A)

UNIT SYMBOL TYPE FUNCTION
RFD-1A V201 5763 1ST AMPLIFIER
V202 6146 DRIVER
V203 PL-172 POWER AMPLIFIER
PS-4A V1701 6X4 BIAS RECTIFIER
V1702 5R4GY MID-VOLTAGE RECTIFIER
V703 6336A SERIES REGULATOR
V704 6AU6 CONTROL AMPLIFIER
V1705 OA2 PA SCREEN REGULATOR
V706 OB2 PA SCREEN REGULATOR
V707 OA2 VOLTAGE REFERENCE
V108 OB2 VOLTAGE REFERENCE
PS-5 V401 872A RECTIFIER
V402 872A RECTIFIER




SECTION 2
INSTALLATION

2-1. INTRODUCTION.

Each PAL-1K(A) has been tested and calibrated
before shipment, It is only necessary to unpack
and install units and cables as outlined in the fol-
lowing paragraphs,

2-2. INITIAL INSPECTION.

The PAL-1K(A) is shipped in two crates. Crate
#1 contains the PS-5 High Voltage Power Supply.
Crate #2 contains the RFD-1A Amplifier, the PS-
4A Low Voltage Power Supply and the loose items
listed below.

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

2-3. 115- VS. 230-VOLT LINE SUPPLY.

The PAL-1K(A) power supply circuitry is designed
to work from a 115- or 230-volt, 50- or 60-cps
single phase line: Unless specifically ordered for
230-volt operation, it is factory wired for 115-volts,
50- or 60-cps. If 230-volt, 50- or 60-cps, operation
is required, minor changes may be made to the PS-4A
and PS-5 Power Supplies as depicted in figure 2-1.

CAUTION

Do not change any fuse values; all fuses
are independent of the primary scurce voltage.

2-4. INITIAL ADJUSTMENTS.

The PAL-1K(A) has beenfactory tested and adjusted.
No initial adjustments of chassis mounted variable
components are necessary before operation.

2.5. INSTALLATION PROCEDURE.

a. GENERAL. The PAL-1K(A) may be installedin
any standard relay rack. For outline dimensions, see
figure 2-2. All three units are provided with slides.

b. HEAT DISSIPATION. RFD-1A Amplifier and
PS-5 High Voltage Power Supply are equipped with
individual exhaust blowers. For good heat dissi-
pation, mount RFD-1A Amplifier above the two power
supplies in the rack with PS-5 below PS-4A, A
vertical clearance of at least 13 inches in the area
indicated in figure 2-2, should be left above the
Amplifier. This will prevent back pressure at the
exhaust outlet from impairing the cooling system.
If the cooling air rate (cubic feet per minute) falls
below a critical figure in the RFD-1A Amplifier
across its PA tube, a safety interlock system shuts
off the entire PAL-1K(A) system. If this should happen,
during subsequent operation of the equipment, it
may be due to restricted air movement through the
rack and appropriate corrections should be made.
Room air temperature should be kept below 50°C
(122°F) for this cooling system to perform adequately.

LOOSE ITEMS IN CRATE NO, 2

QTY TMC PART NO. DESCRIPTION FUNCTION

1 UG-646/U Right Angle Adapter, Mates with J201 INPUT
Series UHF

1 PL-259 Plug, Series UHF Mates with J201 INPUT

1 UG-59B/U Plug, Series HN Mates with J202 RF OUT

1 PL-134-NG Plug, AC Power Spare plug to mate with J703

2 IN-523 Technical Manual for
PAL-1K(A)

1 Tuning Chart Guide figures to facilitate

tuning PAL-1K(A)
1 Test Data

2-1
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¢. INSTALLATION OF UNITS.

When locations (4) Press the release buttons and push the unit

have been chosen for the three units in the rack, into the rack until the release buttons engage the
follow procedure outlined below for installing them. holes in the rack.

(1) Install track portions of slides in rack.

(5) Refer to figure 2-4 and paragraph 2-5d and
make the necessary cable connections.

(2) Set the unit (with chassis slide attached) on (6) When all units have been installed and cabled,

the tracks as shown in figure 2-3.

press the release buttons and push the units into the
rack. Care should be employed in positioning cables

(3) Slide the unit on the tracks until the release to prevent snagging or catching as units slide in

buttons catch.

—!\J__‘

and out of rack.

FRAME

TRACK RELEASE
BUTTON
COMPONENT CHASSIS
SLIDE
A. NON-TILTING SLIDE MECHANISM
RELEASE COMPONENT
BUTTON
THLTY
TRACK LEVER

FRAME

A\
\ ]

2-4

B. TILTING SLIDE MECHANISM

Figure 2-3. Slide-mounting Details
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Pictorial Cabling Diagram, PAL-1K(A)



Secure the front panels tothe rack with screws.

(M

d. INSTALLATION OF CABLES. Figure 2-4 is
a pictorial cabling diagram for PAL-1K(A), for the
standard arrangement of exciter input and antenna
output.

CAUTION

Do not connect PAL-1K(A) toline voltage source
in the process of installing cables. The pre-
scribed ‘‘power-off’’ and ‘‘power on’’ proced-
ure outlined in Section 3 (Operator’s Section)
should be followed, in order to prolong the PA
tube’s life.

PL-259 plug, supplied as a loose item, mates with
J201; UG-646/U right angle adapter, in addition,
may be used if required. Manufacture exciter 1nput
cable using PL-259 plug and RG-59/U coaxial cable.
UG-59B/U plug, supplied as a loose item, mates with
J202. Manufacture antenna output cable using this
plug and RG-8/U coaxial cable for any unbalanced
50- through 600-ohm antenna load. Keep coaxial
cables as short as possible for best performance.

e. AUXILIARY EXTERNAL CONNECTIONS, PAL-
1K(A).

(1) GENERAL. Figure 2-5 is a diagram showing
connections possible for wiring the PAL-1K(A) system
into another system. All such external connections

ON TRANSMITTER
A
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Figure 2-5.

Auxiliary External Connections, PAL-1K(A)



are made at terminal board E701 on PS-4A Low
Voltage Power Supply.

(2) AUXILIARY 115 VAC OUTPUT. The 115VAC
selected by PA FIL PRI ADJUST and applied to the
primary of filament transformer T702, is also avail-
able at terminals 1 and 2 of E701. Any additional
loads across this source, however, should be limited
to draw a maximum current of 1 ampere.

(3) ADDITION SAFETY INTERLOCKS. If it is
desired to have additional link or links into the
safety interlock circuit (described inparagraph 4-5a),
the jumper at terminals 3 and 4 may be removed
and the links added here.

(4) EXTERNAL ANTENNARELAY. Asdescribed
in paragraph 4-3b, the a-c input section of PS-4A
delivers 115 VAC to energize the PS-5 High Voltage
Power Supply through a time delay system. This
115 VAC is also routed over to terminals 5 and 6
of E701. In some of TMC’s transmitter systems,
in which PAL-1K(A) is used, this 115 VAC is picked
off terminals 5 and 6 of E701 to supply a sequential
relay system controlling the antenna. This system
switches the antenna into appropriate circuits so
as to function as a transmitting antenna or receiving
antenna.

(5) REMOTE CONTROL. If desired, an external
push-to-talk switch may be installed to control
on-off operation of PAL-1K(A) Amplifier, inlieuof the
TRANSMITTER VOLTAGES-ON/STANDBY switch on
the PS-4A unit, Such a switch is installed across
terminals 7 and 8 of E701.

(6) AUXILIARY +500 VDC OUTPUT. Additional
+500 VDC plate voltage is available from PS-4A
across terminals 8 and 9 for use in TMC’s SBT-1K
transmitter systems.

(") EXTRA TERMINALS. Terminal 10 on E701
is not used; terminal 11 serves as an extra ground
point.

(8) EXTERNAL ALDC. If it is elected to use
ALDC to control an external exciter output level
instead of PAL-1K(A) first amplifier output, the ALDC
signal may be routed to the exciter via J704 EXT
ALDC jack. Use a series BNC connector to mate
with J704 and an RG-55/U or RG-58/U coaxial
cable. When using this arrangement, the EXT ALDC
switch on the rear of the RFD-1A unit should be
switched to EXT position.



SECTION 3
OPERATOR’'S SECTION

3-1. PRELIMINARY CONSIDERATIONS.

Before proceeding to tune and operate PAL-1K(A),
make sure that no line-voltage is connected. A brief
visual check then should be made to ascertainthat top
and bottom covers are installed on RFD-1A Ampli-
fier, and that the top cover and blower door on PS-5
High Voltage Power Supply is secured. If any of
the conditions are not met, PAL-1K(A) will not
operate, due to a safety interlock system, to protect
the operator from shock.

WARNING

Extremely dangerous voltages exist in all units
of the PAL-1K(A). Do not attempt to bypass or
override the safety interlock system, described
in table 4-1, in order to inspect the unit interiors,
once line voltage has been applied.

Before connectingline-voltage to PAL-1K(A), follow
procedures for preliminary power-off and power-on
adjustments as outlined in paragraphs 3-3 and 3-4.

After tuning and operating PAL-1K(A) in accordance
with paragraphs 3-5 and 3-6, paragraph 3-7 should
be followed for shutdown procedure.

3-2. DESCRIPTION OF CONTROLS.

Figure 3-1 shows PAL-1K(A) panel controls and
includes number designations for reference in the
text of this manual. Table 3-1 describes the function
of each control and a cross-reference to component
designations appearing in figures 8-1 and 8-2.

3-3. PRELIMINARY POWER-OFF ADJUSTMENTS.

Place the following controls in the positions indi-
cated before applying a-c power to the PAL-1K(A).

ASSOCIATED EXCITER

Control Position

POWER ON/OFF ON
OUTPUT LEVEL OFF or MINIMUM

(Permit the exciter to warm up for the proper
length of time before applying power to the PAL-
1K(A).)

3-0

NOTE

All frequency determining elements of the
exciter units should be given their proper
warm-up times before attempting to trans-
mit. Single sideband suppressed carrier trans-
mission requires a high degree of frequency
stability for maximum effectiveness, and a
24-hour warm-up period is recommended.

PS-4A

CONTROL Fig. 3-1 No. POSITION
PA FIL PRI 16 Position 4 from
ADJUST fully counter-
(knob) clockwise
FINAL VOLT- 25 OFF
AGES
(switch)
TRANSMITTER 27 STANDBY
VOLTAGES
(switch)
PA OVERLOAD 21 OFF (down)
PLATE
(circuit breaker)
PA OVERLOAD 22 OFF (down)
SCRN GRID
(circuit breaker)
PA OVERLOAD 23 OFF (down)
CONTR GRID
(circuit breaker)
MAIN POWER 28 OFF (down)

(circuit breaker)
3-4. PRELIMINARY POWER-ON ADJUSTMENTS.

a. Tune the associated exciter for the desired
output frequency. Return output level to zero.

b. Connect line-voltage to PAL-1K(A) system.

c. Set MAIN POWER circuit breaker (28) to ON
position (down); MAIN POWER light (29) should go
on. If not, check to see that the previous steps
have been performed properly.

d. Check the PA FIL PRI meter (15.) for a
reading of 115 volts. Use PA FIL PRI ADJUST
7-position switch (16) to obtain a reading closest
to 115 volts.
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Panel Controls, PAL-1K(A)



TABLE 3-1. PANEL CONTROL FUNCTIONS, PAL-1K(A)

CONTROL COMPONENT
NUMBER DESIGNATION PANEL
(Fig. 3-1) No. in Fig. MARKING FUNCTION
1 C255 8-1 NEUT Modifies spurious feedback from PA,
2 C231 8-1 PA GRID Fine-tunes PA stage input (or driver
TUNING stage output).
3 S204 8-1 MULTIMETER Selects circuits for measurement by
(switch) M202 multimeter,
4 M202 8-1 MULTIMETER Measures circuit selected by S204 switch.
(meter)
5 M201 8-1 PA PLATE Monitors PA plate d-c current.
CURRENT
(meter)
6 5202 8-1 PA BAND Coarse - Tunes PA output
7 C203 8-1 1ST AMPL Fine - Tunes 1ST amplifier stage output,
C232 TUNING
8 5201 8-1 DRIVER Simultaneously coarse-tunes driver stage
BAND input and output
9 Mecha- 8-1 PA TUNING Provides calibrated position readings for
nically (dial) C254 knob movement,
linked
with
C254
10 C254 8-1 PA TUNING Fine-tunes PA output to match antenna,
(knob)
11 R201 8-1 ALDC Adjusts ALDC operating level.
12 Mecha- 8-1 PA LOADING Provides calibrated position readings for
nically (dial) C269 knob movement,
linked
with
C269
13 C269 8-1 PA LOADING Fine adjust for antenna impedance
(knob) matching,
14 S203 8-1 PA LOADING Coarse-adjust for antenna impedance
(switch) matching,
15 M701 8-2 PA FIL PRI Indicates voltage applied to primary of
(meter) transformer supplying filament volt-
ages to RFD-1A unit
16 51701 8-2 PA FIL PRI/ 7-position switch, Adjusts voltage across
ADJUST primary of transformer supplying fila-
(knob) ment voltages to RFD-1A unit,
17 F701 8-2 LINE 5A Fuse for mid-voltage, filament and bias
supply transformer primary current
18 F703 8-2 BLOWER 2A RFD-1A blower 115 VAC supply fuse,

3-2




TABLE 3-1. PANEL CONTROL FUNCTIONS, PAL-1K(A) (C nt.)

CONTROL COMPCNENT
NUMBER DESIGNATION PANEL
(Fig. 3-1) No. in Fig. MARKING FUNCTION
19 F1702 8-2 L.V.B. - 1/10A Fuse for bias supply to amplifier and
interlock system.
20 F704 8-2 M.V.B. + 1/4A Fuse for mid-voltage plate supply to
RFD-1A.
21 CB704 8-2 PA OVERLOAD/ Circuit breaker for PA output current.
PLATE
22 CB703 8-2 PA OVERLOAD/ Circuit breaker for PA screen grid
SCREEN GRID current.
23 CB702 8-2 PA OVERLOAD/ Circuit breaker for PA control grid
CONT GRID current.
24 1703 8-2 FINAL VOLT- Light indicates PS-5 High Voltage Power
AGES Supply is receiving energizing power
(light) from PS-4A Low Voltage Power Supply.
25 S703 8-2 FINAL VOLT- ON position of switch supplies high PA
AGES ON/OFF plate and screen grid voltages to
(switch) RFD-1A.
26 1702 8-2 TRANSMITTER Light indicates that RFD-1A Amplifier
VOLTAGES is receiving mid-voltage plate supply.
(light)
27 S702 8-2 TRANSMITTER ON position of switch feeds mid-voltage
VOLTAGES ON/ plate supply to RFD-1A Amplifier;
STANDBY STANDBY position cuts off supply.
(switch)
28 CB701 8-2 MAIN POWER Dual circuit breaker for PAL-1K(A) sys-
(circuit breaker tem main line current supply, companion
-left) trip type.
29 MAIN POWER Light indicates that PS-4A is receiving
(light) main line supply.

e. Set PA OVERLOAD PLATE, SCRN GRID, and

intended to be used as a guide for best distortions-

CONT GRID circuit breakers (21, 22 and 23) to ON
positions (down).

f. Select the frequency range to be used by
turning DRIVER BAND and PA BAND switches (8 and
6) to position of selected frequency.

3-5. PAL-1K(A) TUNING PROCEDURE.
Tune PAL-1K(A) as outlined in table 3-2.

The tuning chart referred to in the table is the
tuning chart that is packed with each PAL-1K(A)
shipment. Tuning charts will vary for each PAL-1K(A)
(see figure 3-2 for sample chart). Control settings
and meter readings on the chart are obtained with
the PAL-1K(A) attached to a 50-ohm dummy load.
The ‘“Two Tone Test’’ settings and readings are

free output when transmitting a modulated signal.
Reference to ‘‘SBE’’ is the associated TMC equip-
ment used for PAL-1K(A) input signals. ‘“1PA”’
is equivalent to ‘“PA’’ markings on PAL-1K(A)
panels. Figures in 1KW S/D DB column represent
resulting distortion level below PEP at 1KW output
in decibels. ‘‘Load Current’’ is current in amperes
on ammeter connected in series with dummy load.
In ““CW Test”’ column, load, screen andplate currents
represent normal readings to be expectedwhentrans-
mitting CW. Slightly different settings and readings
may be obtained when equipment is in actual use,
depending on location, antenna, associated equipment
and environmental conditions. For maximum linearity
and power output, a new tuning chart with settings
for these conditions, should be followed. Such a
chart can be made by observing operation of PAL-1K(A)
under actual field usage.

3-3



TABLE 3-2. PAL-1K(A) TUNING PROCEDURE

Step

CONTROL
NUMBER
(See Fig. 3-1)

OPERATION

PURPOSE

11

Set ALDC/INCR knob (11) in the extreme
counterclockwise position.

Sets level of ALDC (Auto-
matic Load and Drive Con-
trol) at its maximum
voltage position.

Set MULTIMETER switch (3) to PA DC
BIAS V x 10 and observe MULTIMETER
(4). Indication siiould be around 100

on red scale.

Checks bias supply to PA.
Nominal value is -100
VDC.

27
26

Set TRANSMITTER VOLTAGES switch
(27) to ON. TRANSMITTER VOLT-
AGES lamp (26) should light, if about
3 minutes have elapsed since MAIN
POWER circuit breaker was switched
ON.

Furnishes RFD-1A
Amplifier with low
plate voltages.

25
24

Set FINAL VOLTAGES switch (25) to
ON. FINAL VOLTAGES lamp (24)
should light.

Furnishes RFD-1A
Amplifier with high
plate and screen volt-
ages.

Set MULTIMETER switch (3) to
SCREEN V x 10 and observe MULTI-
METER (4). Indication should be 500
on green scale.

Checks PA screen grid
d-c supply. Nominal
value is +500 VDC.

Set MULTIMETER switch (3) to PA DC
PLATE V x 100 and observe MULTI-
METER (4). Indication should be about
3000 on black scale.

Checks PA d-c plate
supply. Nominal value
is + 3000 VDC.

Observe PA PLATE CURRENT meter
(5). Indication should be around 220
milliamperes,

Checks ‘‘idling’’ value

of PA plate d-c¢ current
(with no signal). Nominal
value is 220 milliamperes.

25
24

Set FINAL VOLTAGES switch (25) to
OFF. FINAL VOLTAGES lamp (24)
should go out.

Shuts off high plate and
screen voltages to RFD-
1A Amplifier in pre-
paration for first tuning
phase.

Set MULTIMETER switch (3) to RF
1ST AMPL PLATE V x 1, Turn up
output level on exciter to obtain 10 on
MULTIMETER black scale. Adjust 1 st
AMPL TUNING for peak on MULTI-
METER.

Fine-tunes 1ST amplifier
stage.

10

N W

Set MULTIMETER switch (3) to RF PA
GRID V x 10. Adjust output level on
exciter to obtain 7 on MULTIMETER
red scale. Adjust PA GRID TUNING
knob (2) for peak on MULTIMETER (4).

Fine-tunes PA stage input.

3-4




TABLE 3-2. PAL-1K(A) TUNING PROCEDURE (C nt.)

CONTROL
NUMBER
STEP (See Fig. 3-1) OPERATION PURPOSE

11 Turn down output level control on ex- Turns down exciter in-

citer to minimum output position. put in preparation for
PAL-1K(A) output tuning
and loading adjustments.

12 10 Set PA TUNING knob (10) to bring Coarse-tunes PA output

9 reading on PA TUNING dial (9) as and antenna.
shown in the tuning chart supplied with
PAL-1K(A).

13 14 Set PA LOADING switch (14) to position Coarse-adjustment for
shown in the tuning chart supplied with antenna impedance
PAL-1K(A). match,

14 13 Set PA LOADING knob (13) to bring Further adjustment for

12 reading on PA LOADING dial (12) as antenna impedance match.
shown in the tuning chart supplied with
the PAL-1K(A).
15 25 Set FINAL VOLTAGES switch (25) to Furnishes RFD-1A
24 ON. FINAL VOLTAGES lamp (24) Amplifier with high
should light. plate and screen voltages.

16 3 Set MULTIMETER switch (3) to RF Connects MULTI-

OUT Vx 10 METER (4) to indicate
r-f voltage at PAL-1K(A)
output for monitoring
during final tuning.

17 5 Slowly increase exciter output until Increases exciter output
PA PLATE CURRENT meter (5) to suitable level for the
reads: beginning of final tuning.

Modulated Unmodulated
Signal Signal
300 ma 220 ma

Note reading on MULTIMETER (4).

18 10 Adjust PA TUNING knob (10) until a First step in fine-tuning

5 pronounced dip is produced on PA PA output circuit and

PLATE CURRENT meter (5). antenna.

19 13 Adjust PA LOADING knob (13) until First fine-adjustment

5 the reading on PA PLATE CURRENT for matching PAL-1K(A)
meter (5) begins to rise. output circuit with
antenna load.

20 5 Decrease setting on exciter output Backs off input from

4 control until reading on PA PLATE exciter as finer tuning

CURRENT meter (5) is the same as progresses in order to

that in step 17. Reading on MULTI- prevent overloading of

METER (4) should rise slightly from PA tube.

that in step 17.

21 10 Repeat steps 18 through 20, observing Fine-tunes PA output cir-

13 PA PLATE CURRENT meter (5) and cuit to match antenna in
5 MULTIMETER (4). After each step 18 steps to prevent over-

3-5



TABLE 3-2. PAL-1K(A) TUNING PROCEDURE (Cont.)

CONTROL
NUMBER
STEP (See Fig. 3-1) OPERATION PURPOSE

21 4 and 19, decrease exciter output to bring loading of PA tube.
(Cont) PA PLATE CURRENT meter (5) reading
back to the reading in step 17 (as in step
20). Upon each step 20 adjustment,
MULTIMETER (4) reading will continue
to increase. When point is reached where
MULTIMETER (4) reading starts to fall
(in step 20 adjustment) readjust controls
back to previous step, as this is the step

where ultimate tuning has been reached.
* % * KK

22 Slowly increase exciter output level To obtain desired power
control, until desired power output output.
is reached. * ** ***

23 11 Turn ALDC knob (11) slowly clockwise Takes up slack in ALDC
until MULTIMETER (4) reading control.
begins to drop off.

24 11 If transmitting voice, turn ALDC knob
(11) as far clockwise as possible with-
out introducing obvious distortion. It
is suggested that this adjustment be
made with a remote station monitoring
the quality of transmission.

3-6

* NOTE

Output power is increased as RF OUT reading is increased (as indicated on MULTIMETER). PA PLATE
CURRENT meter reading will also increase; it will indicate around 400 to 450 milliamperes when 1 kilo-
watt of output power is reached. However, actual output power at the antenna, in a transmitting system,
depends on antenna load and degree of impedance match between PAL-1K(A) and antenna. A reading of the
power output from the antenna can be obtained by multiplying the RF OUT reading on PAL-1K(A)'s MULTI-
METER by the ampere reading on an ammeter connected in series with the antenna. For more accuracy,
an SWR (Standing Wave Ratio) indicator, such as TMC’s model SWR-1K, is usually employed to indicate
the resistance presented by the antenna. This resistance, together with the RF OUT voltage read in PAL-
1K(A)'s MULTIMETER can be used to calculate output watts.

** NOTE

In final adjustments, an occasional check should be made on PA screen grid current, by turning MULTI-
METER switch (3) to PA DC SCREEN MAX I position and observing MULTIMETER (4) black scale. With
a resistive load, it is usually under 35 to 40 ma. At no time should it exceed full scale.

**+CAUTION

If PAL-1K(A) turns off automatically as a result of a PA over-
load (indicated by circuit breakers and TRANSMITTER
VOLTAGES and FINAL VOLTAGES lights on PS-4A unit),
reduce exciter output level before re-setting the associated
circuit breakers.
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3-6. PAL-1K(A) OPERATION.

PAL-1K(A) transmits while TRANSMITTER VOLT-
AGES switch is ON. Or it may be operated remotely
through the external interlock connection described
in paragraph 2-5e(3).

3-7. SHUTDOWN PROCEDURE.

a. GENERAL. The PAL-1K(A) may be placed in
standby or completely turned off. Standby is recom-
mended when using PAL-1K(A) in a system where
frequency stability is critical.

b. STANDBY. Toplace PAL-1K(A) in standby op-
eration, set switches as shown below:

Control
Switch Number Position
FINAL
VOLTAGES 25 OFF
TRANSMITTER
VOLTAGES 27 STANDBY

c. NORMAL STOPPING. The normal stopping
procedure for PAL-1K(A) is accomplished in steps
as follows:

Control

Step Switch Number Position
1 FINAL
VOLTAGES 25 OFF
2 TRANSMITTER
VOLTAGES 27 STANDBY
CAUTION

Wait at least 5 minutes before proceeding to
step 3. This delay will gradually cool the PA
tube (PL-172) and prolong its life.

3 MAIN
POWER 28 OFF

d. EMERGENCY STOPPING. To turn off the

PAL-1K(A)in an emergency, set MAIN POWER circuit
breaker (28) to OFF.

3-8. OPERATOR'S MAINTENANCE.

The operator should note general condition of
panel switches, fuses and circuit breakers, and
observe whether panel indicator lamps light properly.
In general, the operator’s maintenance should be
restricted to replacement of such units accessible
only from the front of the control panel (i.e.: lamp
bulbs and fuses), due to the dangerous voltages
existing within the units.



SECTION 4
PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

The PAL-1K(A) consists of RFD-1A Amplifier, PS-
4A Low Voltage Power Supply and PS-5 High Volt-
age Power Supply. An external exciter modulated
by audio or keyed by a telegraph key provides r-f
excitation for RFD-1A., RFD-1A amplifies the 100-
mw signals and supplies a 1-kw output to the trans-
mitting antenna. PS-4A provides bias, medium plate
and screen voltages to the RFD-1A; PS-5 provides
high plate voltage.

4-2. RF AMPLIFIER, RFD-1A.

a. GENERAL (See figure 4-1). Figure 4-1 is a
functional block diagram of RFD-1A, A100-milliwatt,
2-32 mc signal from an external exciter is amplified
up to a 1000-watt level by V201, V202 and V203. A
DRIVER BAND switch inserts two tuned circuits of
the proper frequency range in the input and output
of V202. A PA BAND selector switch and tuned
circuit serve to match RFD-1A output impedance
with antenna impedance.

ALDC (Automatic Load and Drive Control) is ac-
complished by a feedback from V203 to V201, when
S209 is in INT. position. An increase in V203 out-
put beyond a safe point cuts down V201 output. With
S209 in EXT position, V203 feedback may be routed

to one of the amplifier stages in the external exciter
for ALDC, if preferred.

Power supply, metering, safety interlock and PA
overload circuits are not depicted in figure 4-1 for
simplicity. They are described, however, in follow-
ing paragraphs.

The complete RFD-1A schematic wiring is shown
in figure 8-1. Paragraphs 4-2b through 4-2f with
accompanying figures 4-2 through 4-5 give a brief
description of circuit action. In figures 4-2 through
4-5, heavy lines indicate path of signal. The function
of each individual component may be found in Section
7 (Parts List),

b. RF AMPLIFIERSTAGE V201 AND ASSOCIATED
CIRCUITS (See figure 4-2).

(1) Amplification and Tuning. External exciter
input is amplified at V201 (Class A) and proceeds,
via a tuned circuit, to the control grid of V202. The
tuned circuit consists of C202, C203 and a tapped
inductor selected by S201 DRIVER BAND switch.
Fine-tuning is accomplished by adjustment of 1ST
AMPL TUNING capacitor C203.

(2) ALDC. Negative ALDC feedback from V203
(see paragraph 4-2d) is supplied to the grid return
circuit through L242,

ALDC
VOLTAGE
1O
EXTERNAL
EXCITER
ALDC
RECTIFIER
CR204
IN303
RF INPUT POWER
FROM TUNED TUNED | AMPLIFIER
EXTERNAL CiRCUIT CIRCUIT V203
EXCITER PLIT2
DRIVER BAND
NOTE:
C:::DéuumAves EQUIPMENT 5202 TUNED 10
MARKING.
TRANSMITTING
PA BAN
CReuiT ANSMITTI

Figure 4-1. Functional Block Diagram, RFD-1A Amplifier
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c. DRIVER STAGE, V202 AND ASSOCIATED CIR-

CUITS (See figure 4-3).

1)

AMPLIFICATION AND TUNING. V201 tuned

output is amplified at V202 (Class A) driver and pro-
ceeds, via a tuned circuit, to the control grid of V203
power amplifier. The tuned circuit consists of C231,
C232 and a tapped inductor selected by S201 DRIVER
BAND switch. Fine-tuning is accomplished by ad-
justment of C232, part of 1ST AMPL TUNING control.

FROM
PLATE
oOF iy

veoI

(2)

NEUTRALIZATION. Neutralizing voltage is

developed from V202 plate voltage routed through
neutralizing capacitor C229, developing voltage across
C201 and R208 and applied to V202 grid via tap on

tuned circuit inductance.

(3) METER SIGNALS. Samples representing V201
r-f plate voltage and V203 r-f grid voltage are
routed through C216 and L227, respectively, to the

meter circuit (paragraph 4-2e.).

T0

—
CZI:/1

AY/
T

> METER
CIRCUIT
+600V DC
NOTES:
1. UNLESS OTHERWISE INDICATED, RESISTANCES
ARE IN ONMS, CAPACITANCES ARE IN UUF AND
INDUCTANCES ARE IN UH,
2.0 INDICATES EQUIPMENT MARKING,
PART OF
IST AMPL TUNING
€230 /
100 p
> )ﬁ PART OF
c232 &
12,9~
+255v OC 270
TO
METER
CIRCUN
PA GRID
2 | Tuning 1o
GRID
c23l!
\'Z
32- OF v203
50

£c255

—[CZSS

1p00

N

R213
680

68K
-150V DC
FROM RF FEEDBACK
PLATE -
CIRCUIT
oF V203
Figure 4-3.

Simplified Schematic Diagram, V202 Driver, RFD-1A



(4) V203 FEEDBACK. An r-f feedback from the
plate of V203 is applied to V202 cathode through
capacitors C273 and C288. This feedback decreases
third order distortion by another -10 db.

d. PA STAGE, V203 AND ASSOCIATED CIR-
CUITS (See figure 4-4).

(1) AMPLIFICATION. V202 tuned output is am-
plified at V203 (Class AB) power amplifier and pro-
ceeds, via PA TUNING, BAND, and LOADING control
circuits to J202 r-f output jack and auxiliary output
terminal E203.

(2) PA TUNING ANDLOADING. The output tuning
and loading circuit consists of tapped portions of
L245 and L246 selected by S202 PA BAND switch,
C254 PA TUNING capacitor, C269 PA LOADING
capacitor, and combinations of C244, C272 and C274
selected by S2C3 PA LOADING switch. Referring to
figure 8-1, it will be seen that S202 PA BAND switch
has nine frequency band positions for tuning PA
output and S203 PA LOADING switch has 3 positions
for load conditions.

(3) NEUTRALIZATION. Neutralizing voltage is
developed from V203 plate voltage routed through
neutralizing capacitor C255, developing voltage across
C233 and R213 and applied to V203 grid via tap on
tuned circuit inductance.

(4) METER SIGNALS. Samples representing
V203 control grid and screen grid d-c voltages are
routed to the meter circuit via L247 and L231 re-
spectively. R222 is a meter shunt resistor for
measuring V203 screen grid d-c current as described
in paragraph 4-2e. A sample representing V203 r-f
plate voltage is routed to the meter circuit via
C2170 capacitor.

(5) ALDC. The r-f output of V203 is rectified
and applied as a d-c signal to ALDC switch S209
via capacitors C257 and C252, diode CR204 and
inductor L.240. The r-f voltage is rectified by CR204,
with a negative d-c voltage developed across C265
and filtered by L240 and C263. Referring to figure
8-1, ALDC d-c bias voltage is received from pin
d of P201 and developed across resistors R233, R227,
ALDC control R201, and resistor R226. A portion
of this bias voltage is tapped off ALDC control R201
and applied through inductors L239 and L238 to the
junction of CR204 and capacitor C252. Referring to
figure 4-4, the negative voltage appearing across
C265 is then a result of two sources, one from V203
output and the other from ALDC d-c¢ bias. When
S209 is in INT position, the combined negative d-c
is sent to V201 control grid. When V203 output volt-
age extends beyond a certain amplitude, V201 negative
grid bias, increases, decreasing V201 output voltage.
When S209 is in EXT position, the combined negative
d-c is sent to pin b of P201 plug from which point
it may be cabled to the external exciter, if preferred.

e, METER CIRCUIT (Seefigure 4-5). Meter M202
is capable of measuring various voltages or currents
as determined by settings of S204 switch. Table 4-1
describes measurements vs. switch positions.

4-4

Meter M201 continually monitors V203 d-c plate
current. The negative return from PS-5 High Voltage
Power Supply is connected to the negative terminal
of M201 via pin H of P201.

f. INTER-UNIT CIRCUITS. Safety interlock,
filament supply, and power amplifier overload cir-
cuits involve the functioning of RFD-1A, PS-4A and
PS-5 units together and are described in paragraph
4-5,

4-3. LOW VOLTAGE POWER SUPPLY, PS-4A.
(See figures 4-6 through 4-9.)

a. GENERAL (See figure 4-6). PS-4A consists
of a bias power supply, an a-c¢ input section, and a
mid-voltage power supply. The bias and mid-voltage
power supplies generate the operating voltages for
RFD-1A Amplifier. The a-c input section distributes
a-c voltage to the two power supplies and to the PS-5
High Voltage Power Supply unit through time delay
and control circuits.

Primary power, 115 VAC, is applied to the a-c
input section. This voltage is routed directly to the
bias power supply and to a timing circuit within the
a-c input section. The -150 volts d-c output of the
bias power supply is applied to the RFD-1A Ampli-
fier and to the a-c input section. When applied to
the a-c input section, this voltage energizes the
timing and control circuits. After the time delay
elapses, 115 VAC is applied to the mid-voltage
power supply and to the PS-5 High Voltage Power
Supply unit. The time delay and control circuits
ensure that plate voltage is not applied to the RFD-1A
Amplifier before bias voltage is applied to it.

The complete schematic for PS-4A is shown in
figure 8-2. Simplified schematics for the a-c input
section, mid-voltage power supply and bias power
supply are shown in figures 4-7, 4-8 and 4-9, re-
spectively, and are described in the following para-
graphs. Refer to section 7 (Parts List) for functions
of individual components.

b, AC INPUT SECTION (See figure 4-7).

(1) Primary power (115 VAC) is applied o the
PS-4A unit through jack J703. With MAIN JTOWER
circuit breaker CBT701 closed, primary power is ap-
plied between terminals 115 and 0 of autotransformer
T701. PA FIL PRI ADJUST switch S701 is set to
that position which most closely produces 115 VAC
from T701. The output of T701 supplies operating
voltage to MAIN POWER lamp I701, to the bias
power supply, and to filament transformer T702
through LINE 5A fuse F701. Operating voltage for a
blower motor located in the RFD-1A Amplifier unit
is routed through BLOWER 2A fuse F703 to pin F
of J701 and from terminal O of T701 to pin K of
J701. Filament voltage, developed across the second-
ary of T702, is applied to pins J, O, U, V, P, R and
S of J701. A-c voltage is also tapped off the primary
of T702 and applied to terminals 1 and 2 of E701 for
external use.
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(2) Operating voltage (115 VAC) is also applied
across the heater element (terminals 2 and 3) of K701
time delay relay through S701, F701 and closed
contacts 5 and 6 of de-energized relay K702, After a
3-minute time delay (during which time the bias
supply is energized and grid bias is applied to
RFD-1A Amplifier) contacts 5 and 7 of K701 close,

grounding one end of K702 coil.

@)

contacts 4 and 5 of K702,

With relay K701 energized and K702 coil
grounded, the -150 VDC bias power supply energizes
K702. Contacts 1 and 2 of K702 close to bypass relay
K701, Contacts 5 and 6 of K702 open and remove
energizing voltage from time delay relay K701. Con-
tacts 4 and 5 close and apply operating voltage to
the mid-voltage power supply through S701, F701 and

T0
~ SCREEN GRID

PLATE

OF v203

TANK CIRCUIT
vaol

T0
— CONTROL GRID

cas7
500 OF V202
c2a7 T Lars
500
750
= R217
e e coumg?. GRID
AN
000 | Of V203
R218
750K 10
_[_—4’ AAA——— PLATE OF
v
C249 03
2,000 T R224
L 560K T0
- RF QUTPUT
) CIRCUIT
I 276 L247
PART OF 128 10
P20l [ 2.000 CONTROL GRID
_ w70 = OF V203
c €
1 R222
| 12
B <—|—1 4 R225 €250
5.1 MEG 2,000
FROM | R223 C—D
PS—-4A I 180K =
I . . o
I = 4 f 6 4 5 6 {
c & 1 R J‘)r qy_i\‘& “/7_4.
\ 8 8
L AMN———— - -
R21%
20 MEG w L1
NOTES: 52048 -

| UNLESS OTHERWISE INDICATED, RESISTANCES

ARE IN OHMS, CAPACITANCES ARE IN UUF
AND INDUCTANCES ARE IN UH.

2. T/ INDICATES EQUIPMENT MARKING.

3 WAFER SWITCH S204 IS IN POSITION |
AS SHOWN BELOW.

PA DC @———» RF

SCREEN
MAX |
PLATE
vVXI00 o

SCREEN
vxio ®

BIAS
v Xt0

4-6

Ist AMPL PLATE
vXI
PA GRID
® vXio

® PAPLATE
VvV X100

® out
v XI0

M202

+-

I(

(REAR)

A

c237
.QIUF

Figure 4-5. Simplified Schematic Diagram, Meter Circuit, RFD-1A



(4) With relay K702 energized, contacts 7 and 8
apply d-c voltage from the bias power supply to
terminal 13 of transmitter plates relay K703. Since
terminal 12 of K703 is grounded through PA OVER-
LOAD CONT GRID circuit breaker CB702 and the
interlock circuit (paragraph 4-5a), relay K703 is
energized,

(5) Primary a-c power (115 VAC) is routed to the
PS-5 High Voltage Power Supply unit from the output
of MAIN POWER circuit breaker CB701 and pins C
and M of J702. When FINAL VOLTAGES switch S703
is set to ON, the voltage at pin C of J702 is routed
to the PS-5 unit through closed contact pairs 8-9 and
10-11 of K703 and pin J of J702. This voltage is
returned at pin E of J702, routed to terminal 5 of
E701, and lights FINAL VOLTAGES lamp I703. The
a-c voltage at pins 5 and 6 of E701 can be used for
an external antenna relay, if desired.

¢. MID-VOLTAGE POWER SUPPLY (See figure
4-8).

(1) A-c voltage is applied to the primary of trans-
former T704 from the a-c input section (figure 4-17).
The voltage induced in the secondary of T704 (figure
4-8) is applied to the plates of mid-voltage rectifier
V702. The rectified output of V702 (500 VDC) is ap-
plied to the plates of series regulator V703 through
MV B+ 1/4A, fuse F704 and an LC filter network
(L1702 and C703). The rectified output of V702 is also
applied to the plate and screen grid of control ampli-
fier V704.

(2) During normal operation, the 500-volt output
of V703 series regulator is taken from the cathodes
and applied to pin d of jack J701 through R714 and
closed contacts 6 and 7 of K703. The voltage on the
output side of R714 is maintained at 225 VDC by PA

TABLE 4-1. MULTIMETER SWITCH

BI1AS

ToO
POWER
SUPPLY RFD—1A
118V AC
FROM AC
EXTERNAL 115V AC e SV AC TO
POWER PS—5
SOURCE SECTION

HISV AC

MiD-VOLTAGE
POWER

225v 0C
TO
SUPPLY soov bc _ (RFD—IA

Figure 4-6. Functional Block Diagram
PS-4A, Low Voltage Power Supply

screen grid regulators, V705 and V706. The 500 VDC
output of V703 is also applied to pin E of J701 and
to TRANSMITTER VOLTAGES lamp I702 via closed
contacts 4 and 5 of K703. When FINAL VOLTAGES
switch S703 is set to ON, this output is also applied
to pin B of J701 through closed contacts 5 and 4 of
K703 and PA OVERLOAD SCRN GRID circuit breaker
CB703.

(3) The d-c output of V703 is also applied to a
voltage divider network consisting of R715, MV ADJ
potentiometer R716, and resistor R718. A portion of
this voltage is picked off potentiometer R716 and

POSITIONS VS. METER READINGS

S204
POSITION PANEL MARKING METER READING

1 PA DC BIAS V x 10 V203 d-c control grid bias
voltage,

2 PA DC SCREEN V x 10 V203 d-c screen grid voltage

3 PA DC PLATE V x 100 V203 d-c plate voltage,

4 PA DC SCREEN MAX I V203 d-c screen grid current.

5 RF 1ST AMPL PLATEV x 1 V201 r-f output voltage.,

6 RF PA GRID Vx 10 V203 r-f input voltage at grid,

7 RF PA PLATE V x 100 V203 r-f output voltage at
plate,

8 RF OUT Vx 10 PAL-1K(A) final r-f output volt-
age at J202 RF OUT jack.

4-17
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applied to the control grid of V704. This voltage con- d. BIAS POWER SUPPLY (See figure 4-9).
trols the conduction of V704, since the cathode is

maintained at a fixed potential by voltage reference (1) 115 VAC is applied to the primary of trans-
tubes V707 and V708. The output of V704, developed former T703 from the a-c input circuit (figure 4-7).
across resistor R707, is fed to the grids of V703 The secondary of T703 has four windings; three
through current limiting resistors R710 and R711. windings provide filament voltage for the tubes in
This grid voltage controls the conduction of V703 the mid-voltage power supply. The fourth winding
and thereby controls the amplitude of the regulated provides plate voltage for bias rectifier V701 (fig-
d-c output voltage. The voltage level through which ure 4-9).

the mid-voltage regulator operates is set by potenti-

ometer R7186. (2) The rectified output of V701 is taken off pin

12 of T703 and applied, through LV B- 1/10A fuse
F702, to an LC filter network (L701 and C701). The

V703 is in series with the input and output volt- -150 VDC output of the filter network is applied to
ages of the mid-voltage power supply section. If pin h of J701 jack through R701 and R705. Voltage
the output voltage of V703 tends to rise due to an is regulated by Zener diode CR701. A portion of this
increase in input voltage or a decrease in current voltage is tapped off R703, PA BIAS ADJ resistor,
drawn by the load, the increase in voltage will be and applied to pin C of J701 via the coil of PA OVER-
felt across the voltage divider network (R715, R716 LOAD CONT GRID circuit breaker CB702,
and R718); this increase in voltage is applied to the
grid of V704. An increase in voltage at V704 grid (3) The -150 VDC output is also routed to the
causes that tube to conduct more and produces a coil and contact 8 of relay K702 via resistors R702
greater voltage drop across plate load resistor R707. and R717, respectively (see figure 4-7).

This increased voltage drop reduces the d-c voltage
applied to the grids of V703. Conduction of V703 e. INTER-UNIT CIRCUITS. Interlock, blower
therefore decreases resulting in an increase in motor and filament supply, and power amplifier over-
internal resistance. Since V703 is in series with the load circuits involve the functioning of RFD-1A, PS-
load, the effective increase in resistance causes a 4A and PS-5 together and are described in paragraph
decrease in output voltage. 4-5.
1703
3 H
L70!1 R705  otor
2 Fro2 10H 27K (P201)
AY A —A—<h
é _L , T
RFD—I
C701
8 28UF I e
2 4 6.3V AC =
" . 5 ¢ 1o vro3 s |
= = -t BIAS
s %L s o o
T . AND V704 ox4 Er02
CIRCULT
7 7
5V AC L
\ « T0 V702 =
N R702 RTT
6,800 ¢ $ 3,900
PA BIAS
ADJUST
R PART OF
PA OVERLOAD
CONT GRID
"‘8: c8702
NOTES:! 1
I UNLESS OTHERWISE INDICATED, - TO CONTACT 8
RESISTANCES ARE IN OHMS. + OF K702 IN AC
2. "3 INDICATES EQUIPMENT 'MARKING. INPUT SECTION
TO COIL OF
- K702 IN AC

INPUT SECTION

Figure 4-9. Simplified Schematic Diagram, Bias Power Supply Section, PS-4A
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4-4. HIGH VOLTAGE POWER SUPPLY, PS-5.
(See figure 8-3.)

a. GENERAL. The PS-5High Voltage Power Sup-
ply furnishes high voltage for RFD-1A Amplifier
plates and sends sample voltages to the RFD-1A
meters for measuring power amplifier plate voltage
and plate current. A-c voltages for the PS-5 are
received from the a-c input section of PS-4A,

b. MAIN CIRCUIT. The PS-5 consists of two
transformers and a full-wave rectifier circuit. Pri-
mary power (115 VAC) is applied across the primary
coils of T401 and T402 from pins M and C of P401.
Secondary voltage of T401 is applied to V401 and
V402 rectifier plates; secondary voltage of T402 is
applied to V401 and V402 filaments. Full wave recti-
fied output appears across resistor R401 andis filtered
by capacitors C401, C402 and C403 and choke L401.
The positive d-c¢ output is routed to RFD-1A Ampli-
fier through jack 401.

¢c. METER SIGNALS. The positive d-c output is
also applied across a voltage divider network con-
sisting of resistors R402 through R407. A portion of
this voltage is applied through pin B of P401 and
the PS-4A unit to a meter circuit in the RFD-1A
Amplifier measuring PA plate voltage. The negative
return of PS-5 is taken from pin 6 of T401 and
routed through pin X of P401 and the PS-4A unit to
a meter circuit in the RFD-1A measuring PA plate
current.

d. INTER-UNIT CIRCUITS. Interlock, blower mo-
tor and filament supply, and power amplifier over-
load circuits involve the functioning of RFD-1A,
PS-4A, and PS-5 together and are described in para-
graph 4-5.

4-5. INTERUNIT CIRCUIT DETAILS.
(See figures 4-10 through 4-12.)

a. INTERLOCK CIRCUIT (See figure 4-10).

(1) GENERAL. The interlock circuit in the PAL-
1K(A) consists of circuit breakers, protective switches,
and relay contacts. This circuit prevents the distri-
bution of plate voltages to the RFD-1A Amplifier
unless all circuit breakers and switches are closed
and all relays are in their normal operating positions.
Basically, -150 VDC is applied across transmitter
plates relay K703 through current limiting resistor
R717 and series-connected interlocks (figure 4-10A).
If all series-connected interlocks are closed, K703
is energized and plate voltages are applied to the
RFD-1A Amplifier.

(2) POWER CONTROL AND PROTECTIVE CIR-
CUIT. Refer to figure 4-10B. Contact 13 of trans-
mitter plates relay K703 is connected to -150 VDC
through closed contacts 7 and 8 of control relay
K702 and RT717. Contact 12 of K703 is grounded
through closed contacts of the series-connectedinter-
locks in the PAL-1K(A) as follows:

(A) When TRANSMITTER VOLTAGES switch
S702 is in the ON position, pin D of plug P401 is

grounded through closed contacts of S702, terminal
4 of ET701, a jumper wire (or external interlocks*),
terminal 3 of E701, and pin D of jack J702. It is
also possible to ground pin D of plug P401 by con-
necting a remote transmitter plate switch between
terminal 7 of E701 and ground. When this remote
switch is closed, TRANSMITTER VOLTAGES switch
S702 is shunted and terminal 4 of E701 is grounded
through terminal 8 of E701, the remote transmitter
plate switch, and terminal 7 of E701.

(B) Table 4-2 lists all interlocks and circuit
breakers connected between pin D of plug P401 and
contact 12 of transmitter plates relay K703, the unit
in which the component is contained, and the condition
under which it closes.

(C) Capacitors C235, C236, C280 and C281 in
the RFD-1A unit suppress any arcing which might
be generated by the interlock contacts,

b. BLOWER MOTOR AND FILAMENT SUPPLY
CIRCUITS (See figure 4-11).

(1) GENERAL. Besides functioning as described
in paragraph 4-3, PS-4A Low Voltage Power Supply
also supplies operating voltages for RFD-1A and PS-5
blower motors and RFD-1A tube filaments.

(2) RFD-1A BLOWER MOTOR AND TUBE FILA-
MENT SUPPLY. Primary power (115 VAC)is applied
between the arm of PA FIL PRI ADJ switch S701
and common terminal 0 of autotransformer T701
through J703 and MAIN POWER circuit breaker CB701.
This 115 VAC is routed through LINE 5A fuse F701
to the primary of transformer T702. Terminal 5 of
T702 provides filament voltage for V201 and V202
in RFD-1A Amplifier; terminal 6 provides filament
voltage for V203. Terminal 7 is grounded in RFD-1A,

The same primary power (115 VAC) appearing
between S701 switch arm and terminal 0 of T701 is
also applied to RFD-1A blower motor B201 through
pins ¥ and G of P20l1. C706 capacitor, connected
across pins I and G of J701, is a starting capacitor
for the motor.

(3) PS-5 BLOWER MOTORSUPPLY. A-cvoltage
for the operation of the PS-5 High Voltage Power
Supply unit is derived from the output of MAIN POWER
circuit breaker CB701. Primary voltage for PS-5
filament transformer is received from the output of
CB701 directly through pins M and C of jack J702 and
plug P401. This voltage is also applied to blower
motor B401 in PS-5 through door interlock S401.
A-c voltage from CBT01 is applied to one side of
PS-5 plate transformer T401 primary directly from
pin M of plug P401. The other side of T401 pri-
mary is connected to the other side of the a-c line
through pin J of P401 and J702, closed contact
pairs 8-9 and 10-11 of transmitter plates relay K703,
and closed contacts of FINAL VOLTAGES switch
S703. S703 and K703 action is described in para-
graph 4-3b(5).

*External interlocks may be used if additional equip-
ment is to be operated in conjunction with the PAL-
1K(A) and the equipment interlocks are to be connected
in series with PAL-1K(A) interlock circuit.
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Figure 4-10.

POWER AMPLIFIER OVERLOAD CIRCUIT

(See figure 4-12),

GENERAL. Excessive current in the RFD-
1A PA tube plate will open CB704 circuit breaker,
one of the series-connected interlock components in
the interlock circuit described in paragraph 4-5a.

B. DETAILED SCHEMATIC DIAGRAM

Simplified Schematic Diagram, Interlock Circuit, PAL-1K(A)

(2) NORMAL CONDITIONS. The negative return
of the high voltage power supply in the PS-5is
routed to pin X of P401 and J702. The voltage at
pin X of J702 is, in turn, connected to pin H of
J701 through two parallel paths. One path consists of
R723, terminal 3 of E702, and PA OVLD ADJ potenti-
ometer R722. The second parallel path contains PA
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TABLE 4-2. PAL-1K(A) INTERLOCK CIRCUIT COMPONENTS

INTERLOCK OR
UNIT CIRCUIT BREAKER WHEN CLOSED
PS-5 Door interlock S402 When PS-5 is secured in the rack
PS-5 Top cover interlock S403 When the top cover of PS-5 is secured in
position,
RFD-1A Bottom cover interlock S208 When the bottom cover of the RFD-1A
is secured in position,
RFD-1A Top cover interlock S207 When the top cover of the RFD-1A is
secured in position,
RFD-1A Band switch S205 When PA BAND switch S202 is pro-
perly set in a detent.
RFD-1A Air switch interlock S206 When blower motor B201 is operating
normally.
PS-4A PA OVERLOAD PLATE cir- When no overload condition exists in the
cuit breaker CB704 RFD-1A PA plate circuit,
PS-4A PA OVERLOAD SCRN GRID When no overload condition exists in
circuit breaker CB703 the RFD-1A PA screen grid circuit,
PS-4A PA OVERLOAD CONT GRID When no overload condition exists in
circuit breaker CB702 the RFD-1A PA grid circuit,
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Figure 4-12.

Simplifier Schematic Diagram,

Power Amplifier Overload Circuit, PAL-1K(A)

OVERLOAD PLATE circuit breaker CB704. The output

of the parallel circuit, connected at pin H of J701,
is routed to PA PLATE CURRENT meter M201.
C222 is an r-f bypass capacitor. During normal
operation, PA OVLD ADJ potentiometer R722 is set
so that current through CBT704 is somewhat below
its tripping value at normal high-level operation.
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(3) OVERLOAD CONDITIONS. If excessive cur-
rent is drawn from the PS-5 unit, an increase in the
current which passes through CB704 causes it to
open. Since CB704 is in series with the interlock
circuit, this circuit is broken, as described in para-
graph 4-5a, and plate voltages are removed from
PS-5 High Voltage Amplifier.




SECTION 5
TROUBLE-SHOOTING

WARNING

PAL-1K(A) uses high voltages which are dan-
gerous to life and present in all three units
(RFD-1A, PS-4A and PS-5). Do not depend
on safety interlock system but always throw
MAIN POWER circuit breaker to OFF posi-
tion and discharge high voltage capacitors
before entering units for any purpose. Dis-
charge any lingering voltage with a screw-
driver to ground before touching a component.

5-1. INTRODUCTION.

Trouble-shooting is the art of locating and diagnos-
ing equipment troubles and maladjustments; the infor-
mation necessary to remedy the equipment troubles
and maladjustments is reserved for section 6 of the
manual under the heading ‘‘Maintenance’’.

Trouble-shooting tools may, for convenience, be
divided into the following six categories:

a, Accurate schematic diagrams

b, Tables of voltage and resistance: waveform
data

¢. Location data (photographs with callouts of the
major electronic equipment elements).

d. Trouble-shooting techniques

e. Trouble-shooting charts based on operating
procedures.

f. Trouble-shooting procedures based on circuit
sectionalization.

Trouble-shooting techniques are about the same
for all types of electronic equipment and are covered
briefly in the following paragraph.

5-2. TROUBLE-SHOOTING TECHNIQUES.

a. GENERAL CONSIDERATIONS. Whenapiece of
equipment has been working satisfactorily and sud-
denly fails, the cause of failure may be apparent
either because of circumstances occurring at the
time of failure or because of symptoms analogous
to past failures. In this case, it is unnecessary to
follow a lengthy and orderly course of trouble-
shooting in order to localize and isolate the faulty
part.

A second short cut in trouble-shooting is to ascer-
tain that all tubes and fuses are in proper working
order; also that the equipment receives proper
supply voltages. Many times this eliminates further
investigation.

A third short cut is to examine the equipment
section by section for burned out elements, charring
corrosion, arcing, excessive heat, dirt, dampness, etc.

It is important to recognize that defective elements
may have become defective due to their own weak-
nesses or to some contributing cause beyond their
control,

In general, re-alignment of any electrical equip-
ment should not be attempted unless, in the final
analysis, it is concluded to be necessary. Section 6
describes the alignment of the PAL-1K(A).

b, TROUBLE-SHOOTING CHARTS BASEDONOP-
ERATING PROCEDURES. The general purpose of
these charts is to narrow the area of trouble to
one or more Sections of the equipment in order
to minimize the labor of locating the source of
trouble. These charts present a prescribed order to
‘turn on’’ the equipment, indicate what to expect
as each step is taken, and give clues as to possible
‘“troubled areas’’ when some expectation is not
realized.

c. TABLES OF VOLTAGE AND RESISTANCE
WAVEFORM DATA. These tables give nominal val-
ues of voltage-to-frame and resistance to-frame,
generally at tube elements and sometimes at connec-
tors and terminal boards. Large deviations from the
nominal values should be carefully investigated. During
this process accurate schematic diagrams and loca-
tion data are highly essential. Schematic diagrams
of equipment are found in Section 8.

A good oscilloscope is a good trouble-shooting
tool. It may be connected to a number of critical
points along a circuit to detect extraneous voltages,
distorted waveforms, and other symptoms of trouble.

5-3. LINEAR POWER AMPLIFIER, PAL-1K(A).

a. PROCEDURE. If trouble occurs during tuning
or operation of the PAL-1K(A), perform the general
checking procedure outlined as follows:

(1) Perform a general check along the lines
listed under paragraph 5-2a.

5-1



(2) If source of trouble is not revealed by (1),
a performance check may be made per paragraph
5-3b(1) to reveal the troublesome area. This may be
made with a signal generator and dummy load as
described in 5-3b(1) or the original exciter and antenna
may be used if it is more convenient. When area
is discovered, single outfaulty component by referring
to VR charts (figures 5-2 and 5-3).

(3) If area is not revealed by (2), reference to
paragraph 5-3b(2) may be helpful. This paragraph
lists generalizations on some additional troubles that
might occur during actual tuning and operation of
PAL-1K(A) and their probable causes.

b. TROUBLE-SHOOTING BASED ON OPERATING
PROCEDURES.

(1) PERFORMANCE CHECK. The following per-
formance check on PAL-1K(A) is based on using an
r-f signal generator as an input, a dummy load at
the output, and the original tuning chart shipped with
the PAL-1K(A). If the original tuning chart is not
available and a subsequent chart has been made
(see paragraph 3-5), use this chart together with
exciter and antenna normally used with PAL-1K(A) in
operation.

Position controls and make connections as listed
below before proceeding with check as outlined in
table 5-1.

Control Figure
Panel Marking 3-1 No, Position

PA GRID TUNING 2 0

PA BAND 6 3-4

1ST AMPL TUNING 7 0

DRIVER BAND 8 2-4

PA TUNING (knob) 10 extreme ccw
ALDC 11 extreme ccw
PA LOADING (knob) 13 extreme ccw

PA OVERLOAD/
PLATE, SCRN GRID
& CONT GRID

21,22,23 ON

5-2

Control Figure

Panel Marking 3-1 No. Position
FINAL VOLTAGES 25 OFF
ON/OFF (switch)
TRANSMITTER 217 STANDBY
VOLTAGES ON/
STANDBY (switch)
MAIN POWER 28 OFF

(circuit breaker)

Connect PAL-1K(A) to line voltage and dummy load
as shown in figure 5-1. Do not connect r-f signal
generator until step 8 of table 5-1. Test equipment
required is as follows:

R-f signal generator (Measurements Corp. Model
82 or equivalent)

Load resistor, 51.5 ohms, 2,500 watts (Terma-
line Model 82C or equivalent)

Tuning chart originally shipped with PAL-1K(A)

R-f ammeter (thermocouple type) 0-8 amperes
(Simpson Model 39 or equivalent)

(2) TROUBLES OCCURRING DURING OPERA-
TION. Table 5-2 lists generalized troubles and their
probable sources.

5-4. VOLTAGE AND RESISTANCE CHARTS.

Figures 5-2 and 5-3 show nominal voltage and
resistance-to-chassis measurements at vacuum tube
pins and TB201 terminal block terminals in the
RFD-1A Amplifier and at vacuum tube pins inthe PS-
4A Low Voltage Power Supply, respectively. Figures
5-4 through 5-9, are photographs showing locations
of main components in these two units.

The PS-5 High Voltage Power Supply is a relatively
simple circuit (see figure 8-3) and, due to the
dangerously high voltages present in it, voltage/
resistance measurements are notpractical for trouble
shooting purposes. Therefore, no such diagram is
presented in this manual.
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TABLE 5-1. PAL-1K(A) PERFORMANCE CHECK

STEP

OPERATION

NORMAL
INDICATION

PROBABLE
TROUBLE

a. Make certain all doors and
covers are properly secured in
position.

b. Set MAIN POWER circuit
breaker (28) to ON. Note time
for reference in step 3.

MAIN POWER light (29) goes on and

voltage indication appears on PA
FIL PRI meter (15). Blowers in
PS-5 and RFD-1A units go on., All
tube filaments in RFD-1A glow.

If none of the indica-
tions occur, check
a-c input connection
and MAIN POWER
circuit breaker (28).
If only one indica-
tion does not occur,
check appropriate
item, i.e.: light,
meter or blower.

Adjust PA FIL PRI ADJUST
switch (16) for a position that
will give a 117 volt reading
on PA FIL PRI meter (15).

It is possible to obtain a 117 V
reading on meter (red mark on
dial) with one of the switch
positions.

T701 transformer
or PA FIL PRI
ADJUST switch in
PS-4A unit may be
defective.

Set TRANSMITTER VOLT-
AGES switch (27) to ON. Allow
about 3 minutes to elapse from
time that MAIN POWER cir-
cuit breaker (28) was switched
ON in step 1.

TRANSMITTER VOLTAGES light
(26) goes on in 3 minutes +40

seconds after MAIN POWER cir-
cuit breaker (28) is switched ON.

If timing is abnormal,
check K701 time de-
lay relay. If TRANS-
MITTER VOLTAGES
light (26) fails to go
on at all, K701, K702
or K703 is defective
in PS-4A unit. If not
relays, interlock
circuitry continuity
has been broken.

Set MULTIMETER switch (3)
to PA DC BIAS V x 10.

MULTIMETER (4) reads 100
+10 on red scale.

Bias rectifier tube
V701, in PS-4A unit,
may be defective or
R310 potentiometer
in RFD-1A may be
misaligned.

Set FINAL VOLTAGES switch
(25) to ON.

FINAL VOLTAGES light (24)
goes on.

If light fails to go on,
check T401 high-
voltage plate trans-
former in PS-5 and
FINAL VOLTAGES
light (24) in ‘PS-4A

Wait 15 minutes for equipment
to warm up, then:

Set MULTIMETER switch (3)
to PA DC SCREEN V x 10.

MULTIMETER (4) reads 500
15 on green scale.

Check T704 mid-
voltage transformer,
V702 rectifier tube,
and V703 regulator
tube in PS-4A unit,
Check meter cir-
cuit in RFD-1A unit.

Set MULTIMETER switch (3)
to PA DC PLATE V x 10.

MULTIMETER (4) reads 3000
+100 on black scale.

Check T401 high volt-
age plate transformer
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TABLE 5-1. PAL-1K(A) PERFORMANCE CHECK (C nt.)

NORMAL PROBABLE
STEP OPERATION INDICATION TROUBLE
7 and associated com-
(Cont.) ponents in PS-5 and
meter circuit in
RFD-1A unit.
8 Observe PA PLATE CURRENT Meter reads 220 + 10 milli- Check V203 PA tube
meter (5). amperes. and PA PLATE CUR-

RENT meter (5) in
RFD-1A unit. Check
V401 and V402
tubes in PS-5 unit.
Check PA over-
load adjust potenti-
ometer R722 in
PS-4A for mis-

alignment.
9 Set FINAL VOLTAGES switch

(25) to OFF.

Set MULTIMETER switch (3) to

RF 1ST AMPL PLATE Vx 1.

Connect r-f signal generator to

RFD-1A Amplifier input at J201.

Set generator for 3-mc, zero

output level and allow generator

to warm up.

Turn up level on the generator It is possible to obtain a reading Check V201 tube and
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