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GUARANTEE

The equipment described herein is sold under the following guarantee:

Collins agrees to repair or replace, without charge, any equipment, parts, or accessories which are de-
fective as to design, workmanship or material, and which are returned to Collins at its factory, transportation
prepaid, provided

{a) Notice of the claimed defect is givern Collins within one (1) Tear from date of delivery and goods are
returned in accordance with Collins' instructions.

(b) Equipment, accessories, tubes, and batteries not manufactured by Collins or from Collins' designs
are subject to only such adjustments as Collins may obtain from the supplier thereof.

{c) No equipment or accessory shall be deemed to be defective if, due to exposure or excessive moisture
in the atmosphere or otherwise after delivery, it shall fail to operate in a normal or proper manner.

Collins further guarantees that any radio transmitter described herein will deliver full radiofrequency power
output at the antenna lead when connected to a suitable load, but such guarantee shall not be construed as a
guarantee of any definite coverage or range of said apparatus.

The guarantee of these paragraphs is void if equipment is altered or repaired by others than Collins or its
authorized service center.

No other warranties, expressed or implied, shall be applicable to any equipment sold hereunder, and the
foregoing shall constitute the Buyer's sole right and remedy under the agreements in this paragraph contained,
In no event shall Collins have any liability for consequential damages, or for loss, damage or expense directly
or indirectly arising from the use of the products, or any inability to use them either separatelyor in combination
with other equipment or materials, or from any other cause.

HOW TO RETURN MATERIAL OR EQUIPMENT. If, for any reason, you should wish to return

material or equipment , whether under the
guarantee or otherwise, you should notify us, giving full particulars including the details listed below, insofar as
applicable. If the item is thought to be defective, such notice must give full information as to nature of defect
and identification ( including part number if possible ) of part considered defective. (With respect to tubes we
suggest that your adjustments can be speeded up if you give notice of defect directly to the tube manufacturer.)
Upon receipt of such notice, Collins will promptly advise you respecting the return. Failure to secure our advice
prior tothe forwarding of the goods or failure to provide full particulars may cause unnecessary delay in handling
of your returned merchandise.

ADDRESS: INFORMATION NEEDED:
Collins Radio Company (A) Type number, name, and serial number of equipment
Sales Service Department (B) Date of delivery of equipment
Cedar Rapids, Iowa (C) Date placed in service

(D) Number of hours of service

(E) Nature of trouble

(F) Cause of trouble if known

(G) Part number ( 9 or|{10 digit number) and name of part
thought to be causing trouble ¢

(H) Item or symbol number of same obtained from parts
list or schematic

(I) Collins' number {and name) of unit sub-assemblies
involved in trouble

(J) Remarks

When ordering replacement parts, you should direct

HOW TO ORDER REPLACEMENT PARTS. your order as indicated below and furnish the following

information insofar as applicable. To enable us to give you better replacement service, please be sure to give
us -complete information,

ADDRESS: INFORMATION NEEDED:
Collins Radio Company (A) Quantity required
Sales Service Department (B) Collins' part number (9 or 10 digit number ) and de-
Cedar Rapids, Iowa scription
. (C) Item or symbol number obtained from parts list or
schematic

(D) Collins' type number, name, and serial number of
principal equipment

5 2 0 9 7 5 0 0 0 (E) Unit sub-assembly number (where applicable)
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SECTION I

GENERAL DESCRIPTION

1.1. GENERAL DESCRIPTION.

1.1.1. INSTRUCTION BOOK. This instruction book covers both the 5KW,
21E, and the 1OKW, 21M, broadcast transmitters. The detailed descrip-
tion covers the 21lE. Significant differences in circuitry and com-
ponents between the 21E and 21M are pointed out as they appear

1.1.2. GENERAL DESCRIPTION. These transmitters are the medium power
versions of a line of high fidelity broadcast transmitters which feature
advanced engineering techniques, new high quality components, flexibility,
and economical operation.

The 5KW, 21lE, transmitter includes all the facilities, except
actual components, to change to a 10KW, 21M, transmitter in the shortest
possible time (about 12 man-hours, estimated).

These transmitters consist of a modified 300J-250 watt transmitter
used as an audio and radio frequency driver unit followed by a high level
modulated power amplifier with suitable plate and bias supplies.

The normal frequency range is 540 to 1600K but can be extended to
18 megacycles on special order.

1.1.3. PHYSICAL DESCRIPTION. With the exception of the plate transformer,
all components are housed within an assembly of three main bays. The two
end bays are complete cabinets and the middle bay is a complete frame assem-
bly with front and rear inclosures which when bolted between the two end
cabinets completes the sturdy, neatly styled, assembly that has the appear-
ance of one large cabinet

The exterior of the equipments is finished in high gloss, two-toned
grey enamel. Streamlined polished chrome styling strips separate the two
color areas

a. MECHANICAL FEATURES.
1. TUBES. All tubes are visible through the front windows.

2. CONTROLS. Tuning and metering controls are located behind four
access doors on the front of the transmitter. Filament and plate power
switches are located below these doors on the front panel.

3. RELAYS. Control relays are accessible through identical remov-
able insert panels located on the lower front panel of each of the three
cabinets.
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1.1.4. ELECTRICAL DESCRIPTION. See figure 1-1. The radio frequency por-
tion consists of a 6AU6 crystal oscillator, a 6SJ7 isolation buffer, an 807
R-F Amplifier, followed by a pair of 4-125A tetrode driver amplifiers. These
excite a 3X2500A-3 triode power amplifier in the 21E or two parallel 3X2500A-3
triodes in the 21M.

The Audio line-up is push-pull all the way with 6SJ7 tubes in the
first audio stage followed by a pair of 4-125A tetrode audio drivers and a
palr of 3X3000A-1 triode class AB-1 modulators.

For personnel protection each rear door is equipped with a control
circuit interlock and a HV and bias supply shorting device to discharge large
filter capacitors. In addition, the power cabinet rear doors employ spring
operated shorting switches to ground the plate transformer secondary ter-
minals when the rear doors are opened.

Overload protection is afforded by magnetic circuit breakers and
fuses in transformer primaries and manual automatic re-setting overload
relay in the power amplifier-modulator plate circuit.

l.2. SPECIFICATIONS.

Frequency Range: 540-1600 kc standard. Fre-
quencies to 18 mc available
Power Output: 21F - 5,500 Watts
21M - 10,600 Watts
Freguency Stability: 10 cps
Audio Frequency Less than 3% from 50-7500 cps
Distortion for 95% modulation, including

all harmonics up to 16 kc

Residual Noise Level: 58 db below 100% modulation
from O to 30 ke

65 db below 100% modulation
from 150 cycles to 15 ke

Carrier Shift: Less than 3%

RF Output Impedance: 75/50 ohms standard. Other im-
pedances available

Audio Input Impedance: 600/150 ohms

Peak Limitingé Audio peaks clipped at approxi-

mately 1 db above 100% mod.

1-2

v &



tion'l
GENERAL DESCRIPTION Sec

Audio Input Level: +10 dbm *2 db., Pad input
Temperature Range: +15° to +45° C Ambient

Altitude Range: Sea Level to 6000 feet

Power Source: 208/230 V three phase 50/60 cps.

50 cps on special order
Weight: Approximately 2700 lbs. for 21E
Approximately 3000 lbs. for 21M

Dimensions: 105-1/4" wide, 76" high, 28" deep
(Plate transformer extra)

Power Demand:

Power Power
(KW) Factor (%)
*¥5000 Watts Output
Filaments and Blower Only 2.64 75.7
5000 Watts
Output - No Modulation 12.8 90.0
- 30% Modulation 13.8 90.0
- 100% Modulation 18.5 90.0
*¥10,000 Watts Output
Filaments and Blower Only 3.28 76.5
10,000 Watts )
Output - No Modulation 21.2 90.°
- 30% Modulation 23.6 91.0
- 100% Modulation 32.8 91.5

* 21E Capable of 5500 Watts Output, 21M Capable of 10,600 Watts Output.

1-3
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SECTION II

INSTALLATION

2.1. GENERAL.

2.1.1. Inspect the shipping crates for evidence of possible damage to the
equipment 'within. If, upon removal of the equipment, damage is found,
save the shipping crates, read the back of the bill of lading, and report
the damage to the transportation company .

2.2. UNPACKING.

2.2.1. ‘The cabinets and power transformer are shipped in skid-type crates
with the unpacking instructions stenciled on the sides. 1In general, cut
and remove the steel straps from around the crates. Then remove the row

of nails from the sides near the bottom of the crate using a nail puller

to pull the nails. Lift the whole crate assembly (top and four sides) from
the base. Remove any protective material and unbolt the equipment from the
case of the crate.

Smaller assemblies are packed in regular boxes from which the top
has to be removed. Use a nail puller here.

‘Small, loose parts are placed in sacks or small boxes and shipped
in the larger boxes to prevent being lost, however, search all the packing
material to be sure no parts are discarded with the packing material.

2.3. PRE-INSTALLATION.

2.3.1. MOUNTING POSITION. -The important consideration in selecting a
mounting position is providing adequate room for operating and servicing
the equipment. Figure 2-1 shows overall dimensions and clearance dimen-
sions as well as all other pertinent data concerning the mounting of the
transmitter.

Increased overall trouble free operation will be realized if the
transmitter room is air-conditioned and pressurized to control dust, insects
and excessive changes in humidity and air temperature. The heat generated
by the equipment can be used to heat the building in cold 4limates providing
the exhaust ducts are arranged so that under all circumstarces the heat is
removed from the transmitter and no back pressure is allowed within any
cabinet. Maximum tube and component life will be obtained if duct-work is
equipped with an additional exhausting fan.

2.3.2. MOUNTING FRAME. A mounting frame under the transmitter will greatly
facilitate the installation of power leads.

The mounting frame shown in figure 2-1 is adequate and recommended.
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2.3.3. ELECTRICAL DUCTS. Provide a duct in the floor as shown in figure
2-1 in which to run the power leads. This duct should be clean and dry
with provisions to maintain these conditions.

2.3.4. GROUND STRAP. See figure 2-1. Install a heavy copper strap along
the front edge of the duct that is under the transmitter. Attach this
ground strap to the building and antenna ground system. Attach adequate
length (for instance, 5 feet) of number 6 copper wire to the ground strap
at points underneath each cabinet and neatly coil preparatory to setting
the cabinets on the frame. Run a number 4 ground wire from the ground
strap back to the plate transformer position for transformer grounding.

2.3.5. POWER SOURCE. For the 21E, provide a 230 volt 3 phase power

source capable of 20 KW (35 KW for 21M) for the transmitter alone, all
other sources of load extra. Install a three-phase, metal, cut-out box,
independent of other loads, with 100 ampere fuses for the 21E and 125
ampere for the 21M and connect it to the transmitter/plate transformer

duct with a metal conduit of 2" minimum diameter. Observe standard elec-
trical conduit grounding practices but be sure that the conduit is grounded
with number 4 wire to the transmitter ground strap, too See figure 2-1
for primary wire sizes.

2.3.6. DUCT WIRING. The following wires should be placed in the duct and
arranged so that they can be pulled through the proper holes in the cabinet
bases: (See figure 2-1 for suggested minimum wire sizes)

Wires From To
Main power feed (3 wires Line cut-out box mounted Power cabinet E-201
plus copper ground on transmitter room wall
Plate Transformer Pri- Power cabinet E-202 and Plate transformer
mary (6 wires plus trans- E-203 primary terminals

former frame ground)

Plate Transformer Sec- Plate transformer sec- Power cabinet E-204,
ondary (3 wires, cut 5 ondary terminals E-205, E-206 (stand-
to 6 ft. long at cabi- offs of spring oper-
net end) ated safety switches)
Cabinet ground wires. Duct ground .strap Each cabinet ground
See paragraph 2.3.4. connection (See para-
graph 2.6)
Audio input Line amplifier (not E-103 of driver cabi-
furnished) net 4-125A tube chassis

(See paragraph 2.9)

2-1
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Wires From To
Frequency Monitor Con- Frequency Monitor (not J-104 on the bottom
nections furnished) of the driver cabinet

RF chassis. (See
paragraph 2.11.)

Modulation Monitor g Modulation Monitor J-302 at the top, rear
(not furnished) of the PA RF network

box in the PA cabinet.

(See paragraph 2.12.)

Audio Monitor (Not for Audio Monitor Input E-301 on the right hand
audio measurements) (Speaker or amplifier - sidewall (viewed from
not furnished) rear) of the PA cabinet.

Watch voltage clearance

2.3.7. OUTPUT CONNECTION. Normally the transmitter output connection is to
a feed-thru on the roof of the power amplifier cabinet. See figure 2-1. If
it is desired to route the transmitter output out the base of the cabinet and
into the duct, a hole that will pass the transmission line will have to be
drilled into the base of the power amplifier cabinet. This must be done be-
fore mounting any heavy components in the cabinet. A ground lug is provided
adjacent to the output feed-thru in the roof of the power amplifier cabinet
to ground the outer conductor of the rigid transmission line. Use a 7/8" or
1-5/8" line for the 21E and a 1-5/8" line for the 21M of the impedance value
established in the sales contract. (Either 50 or 72 ohms).

2.4 RE-ASSEMBLY.

2.4.1. GENERAL. All parts that have been removed are keyed to their mount-
ing positions by sticker tags. Match the tag number or letter on the part
with the tag number or letter on the chassis or cabinet. The parts should be
replaced after the cabinets are set up on the mounting frame but leave the
large transformers and reactors and the PA blower until after the intercon-
necting cables have been pulled through the side walls. Remove the bottom
rear panels from the three cabinets.

2.4.2. ORDER OF REASSEMBLY. After the pre-installation procedures have been
completed, re-assemble the transmitter in the following order:

WARNING

Be sure cut-out box switch is open and
fuses removed.

a. Place the power cabinet frame in the center position on the mounting
frame; shove the associated power wires and ground wire through the base
holes progressively as the power cabinet frame is shoved into position. See
figure 2-1

2-2
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b. ©Slide the power amplifier cabinet into position and at the same
time feed the associated ground wire, modulation monitor and audio
monitor wires through their base holes.

c. Slide the driver cabinet into position and at the same time feed
the RF monitor, audio input leads, and ground wire up through the base.

d. Align the cabinets and bolt together with the 16 self tapping
screws provided. Insert the screws from the power cabinet.

e. Feed the two main interconnecting cables from the power cabinet
through the sidewalls of the amplifier and driver cabinets.

f. Remove all the window retainer screws, except two on each side.
This is to facilitate servicing and cleaning procedures.

g. Mount and connect the RF tank compartment into the driver cabinet;
details in paragraph 2.4.5.

h. Mount the vacuum variable capacitor C-313 into the PA tank compart-
ment with the four screws provided. §Slide the circular clamp over the
rear of the capacitor and tighten the clamp screw.

i. Mount and connect the PA tank compartment into the amplifier cabinet;
details in paragraph 2.k4.k4,

j. Make all connections possible at this time. See paragraphs 2.5, 2.6,
2.7, 2.8 and their subparagraphs.

k. Install the heavy components in the base of the driver cabinet and
make connections. See figure T7-3.

m. Install the heavy components into the base of the power cabinet and
make connections. See figure T7-2 and paragraph 2.4.3.

n. Install the heavy components (except blower) into the base of the
amplifier cabinet and make connections. See figure 7-1 and paragraph 2.L.L.

o. Install the blower into the base of the amplifier cabinet.
p. Attach the RF output line.

q. Mount the front panels on the power bay if these were removed for
shipping.

r. Install the tubes.

2-3
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CAUTION

Install the PA and modulator tubes by gently pressing the
tubes down while rotating the tubes with a reciprocating
motion not to exceed 1/2" excursion. Be sure the tubes

seat properly to prevent air leaks. Pull the snap spring

in place to insure good electrical contact. Check the fila-
ment air hoses to see that they are not plugged up and that
they are not up against the panel or disconnected.

8. Install the crystals; see figure 7-8 for crystal location.
CAUTION
Extreme care should be exercised when handling the ecrystals.
This new type of crystal is extremely fragile. Following
rough handling the crystals may still oscillate but their
temperature coefficient may be altered.
2.4.3. REASSEMBLY DETAILS OF POWER CABINET.
a. Perform step a. of paragraph 2.4.2.

b. Set the modulation transformer in place. See figure T7-2.

c. Set the filter choke (or chokes) in place as shown in figure 7-2.
The 21E takes one choke and the 21M two chokes (L-202 and L-203).

d. Install and connect the audio compensating board as shown in figure
2-2.

e. (Connect all the base components and side mounted filter capacitors.

f. After all other cabinets have been assembled and interconnecting wires
installed, connect the rear fan to the powerstat, T-20l. One lead goes to
the powerstat terminal that has a white wire and the other to the powerstat
terminal that has a red wire.

2.4.4. REASSEMBLY DETAILS OF POWER AMPLIFIER CABINET.
a. Perform step b. of paragraph 2.4.2.

b. The RF Tank box (see figure 7-1) was removed for shipment. This box is
suspended from the roof of the cabinet by two metal stand-offs and three cera-
mic stand-offs. Carefully hold the box in position and replace the mounting
screws. Use caution in tightening up the screws in the ceramic stand-offs to
prevent breakage.

c. Assemble the air duct (two L shaped pieces of aluminum) between the PA

chassis and the RF tank box with the self tapping screws provided (14 screws)
see figure T-1.

2-4
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d. Turn the vacuum variable capacitor shaft C-313 toward the high
capacity direction until the capacitor bottoms (plates stop moving).
Turn the PA PLATE TUNING dial toward increasing numbers until a stop
is reached. Set the dial at 500. Loosen the dial sprocket set screws
and remove the sprocket. Hang the drive chain on the capacitor sprocket,
then hang the dial sprocket in the loop of the chain and slip the sproc-
ket back on the dial shaft. Tighten the sprocket set screws.

e. Set C-320, the power amplifier variable loading capacitor, to mini-
mum capacity. Turn the PA LOADING control to O. 8Slide the flexible
coupler head on the dial shaft. Insert the two mounting screws and
tighten the head to the panel. Tighten the shaft set screw.

f. Reach around the tank box (left front corner) and attach the out-
put strap to RF line meter M-301.

g. If the PA grid coil was removed, replace it on the four metal stand-
offs protruding from the bottom of the PA chassis. See figure T7-5.

h. Connect the input wires to filament breaker S-305. To do this, re-
move the breakers mounting screws from the front panel, lower the breaker,
attach the wires, shove the breaker back in place and replace the mounting
screws. Phasing is important, so be sure tags agree.

i. Mount the filament transformers on the left hand sidewall (viewed
from rear) with T-304 next to the front panel followed by T-303, then T-302.
Notice the arrangement of the lugs and the form of the connecting wires and
mount the transformers to match.

J.- The 21M transmitter requires an additional transformer T-301 which
should be installed in the front-center position of the cabinet base.

k. Install L-309 in the front right-hand corner of the base.
m. For the 21E, install C-350 in the rear right-hand corner of the base.
For the 21M install L-301 in this position.

n. For the 21M put C350, €351, C354, €355 and C356 in the shelf over L-309
and L-310.

0. Make all other base connections at this time. 'See figure 2-3.

p. Install the blower. See figure 7-1. $8lide the canvas air duct down
over the blower outputTdpenihg,lunder the split clamp, then tighten the two
screws oOf the split clamp. Be absolutely sure this canvas is well clamped.
The air force will exert some pressure against it and tube damage will re-
sult if it comes loose at any point.

q. Set the glips on the PA grid, PA plate and PA loading coils as indic-
ated in the test sheet. '

2.4.5. RE-ASSEMBLY DETAILS OF DRIVER CABINET,
a. Perform step c. of paragraph 2.4.2.

b. Replace the tank box in the top of the driver cabinet similar to step b.
of paragraph 2.k4.

2-5
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c. Set thé PA TUNING and PA LOADING variable:eapacitors at minimum capacity.
Turn the associated dials to "O". Slide the flexible coupler heads on their
respective dial shafts, bolt the heads to the front panel and tighten the
oset screws. 2w

d. Mount the heavy components in the base of the cabinet as shown in fig-
ure T7-3.

e. Refer to figures T-3, and 2-4 as well as the tags on the cables in or-
der to make all possible connections at this time.

f. Install and secure the large filter capacitors in their proper positions
as shown in figure 7-3 and make all connections to these units.

g. Remove the rear cover from the rf output network and set the taps on
tuning coil L-108 and loading coil L-109 to the position shown in the test
data.. The Collins test department data sheet.included with the transmitter
contains a record of the driver network setup used for testing the driver at
the factory. These conditions may not hold exactly under actual operating
conditions.

h. Three rf tank cans are associated with the oscillatbr, buffer, and rf
driver plate circuits. Refer to figure 3-1 and install the catis in their
proper sockets. :

i. Complete all internal connections including inter-chassis cables and
connections to terminal boards E-1OL and E-102 on the rear of the low vol-
tage power shelf. Refer to the Installation Connections Diagram, figure
2-4, to the Inter-Unit Cabling Diagram, figure 8-4, and to tags on the wires
for assistance in making the proper connections.

J. In order to further extend the life of tubes and other components in the
driver cabinet, an 8-inch ventilating fan is included with each unit. "

The fan mounts at the top of the ventilation screen on the inside of the
rear panel. The two-motor wires connect to terminals 10 and 1l on termin-
al board E-102. As seen from the rear, these terminals are the two right-
hand connections on the terminal board that is located near the left end

of the low voltage power supply chassis. The fan is now connected across ;.
the 230 volt line to the filament transformers and will be edergized when-
ever the control switch is turned on.

-
(2 !

2.5. POWER CONNECTIONS.

2.5.1; PRIMARY. The 230V 3-phase power connections connect to terminal
block E-201 in the base of the power cabinet. These wires were pulled
through the left hand grommet hole in step a. of paragraph 2.4.2. Cut
the wires to length and attach to the terminals of E-201 with the sol-
dering lugs provided. The primary wires going to the exciter cabinet.

are cablgd and enter the exciter cabinet from the
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Figure 2-3B. 21M Power Amplifier Cabinet
Installation Connections.
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power cabinet through the sidewall. These are already lugged and
tagged. Connect these two wires to terminals 1l and 3 of E-100. Ob-
serve polarity. Terminal 2 of E-100 is at ground potential.

Six wires connect the high voltage power transformer T-204 to conn-
ector blocks E-202 and E-203. See figure 2-1. These wires enter the
power cabinet through the right-hand 1 l/2V grommet. Cut these to
length and connect them to their terminations with solder lugs. Be
very careful to observe correct phasing here. See cabling schematic
figure 8-5. Incorrect phasing will result in shortened rectifier tube
life.

3
2.5.2. HIGH VOLTAGE. The high voltage wires are the three long wires
protruding through the right-hand grommet of the power cabinet. Cable
these together and run them up the rear of the cabinet next to the door
to E-204, E-205 and E-206, the stationary contacts of the high voltage
door shorting switches, S-204 and S-205. Connect these wires with sold-
ering lugs.

CAUTION

Phasing of primary and secondary leads of high
voltage transformer T-204 is very important.
Connect as shown by tags and schematics.

2.6. GROUND CONNECTION.

2.6.1 TRANSMITTER CABINETS. Each cabinet has a ground terminal to
which the ground wire from the duct ground strap must be attached. In
the exciter cabinet, use the center terminal (2) of E-100.

In the power cabinet, the ground wire connects to E-208, a stud
in the bottom of the cabinet near the rear. In the amplifier cabinet,
the ground wire attaches to any convenient choke or blower mounting
screwv. :

2.6.2. POWER TRANSFORMER GROUND. Connect the ground wire provided in
paragraph 2.3.4. to the frame of the power transformer.

2.7. SPECIAL CABLING.

2.7.1 PA GRID DRIVE. A long piece of RG-8/U carries the RF. from the
output terminal of the driver cabinet thnough the gidewalls of the
power cabinet, up through the rear edge of the blower pan, to stand-
offs E-304 and E-305 at the rear of the PA grid coil. The cable

must be grounded at the tank box and at the ground clamp on the upper
supporting member on the inside of the driver cabinet.
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2.7.2. MODULATOR GRID AND FEED-BACK. These wires, consisting of a shield-
ed pair of high tension wires and a shielded pair of audio type wires
pulled into a large insulating tubing, are coiled in the amplifier cabinet.
They should be pulled through the sidewalls into the driver cabinet, and
routed to their terminations. Connect the audio type shielded pair to
terminals 3, 4 and 5 of E-103 (the shield to terminal number 3). (See
figure T-12). Observe polarity as indicated by the attached tags. If the
tags are missing, use a continulty meter to identify the wires. Connect
one high tension wire to C-190 and the other to C-191 located on the rear
of the front panel((orange colored tublar condensers.) Observe polarity.
Connect the shield of this pair to the ground stud on the side stiffener on
the right-hand side (viewed from rear).

2.7.3. MISCELLANEOUS, The control cable that enters the driver cabinet
near the left hand edge of the low-voltage power shelf contains two wires
which do not terminate at any terminal. These two wires are to be indiv-
idually spliced to the two wires in the cable that comes from the front
panel that also do not tie to terminals. These wires may be bolted to-
gether with small bolts. Splice the AC95 wire from the power cabinet to
the AC95 wire from the front panel cable and the AC6 wire from the power
~cabinet to the AC90 wire. Tape these splices thoroughly to prevent them
from touching each other or any other conductor.

2.8. INTER-UNIT CABLING DIAGRAM

The Inter-Unit Cabling Diagrams, figures 8-4, 8-5, and 8-6, show the
parts of the transmitter in their general locations as viewed from che r
rear. Each section of these diagrams is enclosed by broken lines.
These sections have been given section designation letters that appear
in the upper right-hand corner of each dotted enclosure. Although wiring
between transmitter units is not shown on the diagram, the destination of
this wiring is indicated by numbers and letters that appear directly be-
low the arrow heads as shown in figure 2-5. The numbers to the right of
the lines abové the arrow heads represent the types of wires used. The
number directly to the right of each arrow head is the number of that point
on the diagram and does not necessarily indicate that there 1s a terminal
bearing that number at that point in the equipment. Where there are ter-
minal boards with numbered terminals in the equipment, the terminals are
represented on the diagram by small gircles enclosing the number of the
terminal. The terminal board is represented by a dotted line around all
tetrminals on that board. Some sections of the diagram, such as section F,
require that the terminal board in the diagram be broken to allow lines
that do not terminate on that board to pass through the area on the dia-
gram where the board is drawn.
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A small portion of unit F from the Inter-Unit Cabling Diagram
figure 8-4, is shown in figure 2-5. The two KEO designations in-
dicate that two type KEO wires leave this point. The K in KEO in-
dicates thettype of wire (high voltage insulated cable). E indic-
ates size of wire (#ll4t). O indicates color of wire (vlack). If

a tracer were used on this wire an additional number
would be added to indicate the color

of the tracer. For example, if this EE—

wire was black with a red tracer,

the designation would have been KEOZ2. S5-103 Power

If a shield were used, the wire would change switch KEO

be called KESO2, the S indicating a KEO
shield. The color code used for wires A7l

and tracers is the same as that used for J7
resistors and condensers. Figure 2-5. Inter-Unit Cabling

Example
The number 18 shown beside the arrow head indicates that this is

point number 18 on the schematic.

A7 indicates that one of the wires leaving this point on the dia-
gram goes to point 7 on unit A of the diagram. J7 indicates that one
of the wires leaving this point on the diagram goes to point 7 on
unit J of the diagran.

When coaxial cable, copper straps, and other types of connecting
materials except wires are used, the "type of wire" code is not
used. Instead of using a code, the connecting material is specified
by name on the diagram as in the case of the quarter inch copper tub-
ing shown at point 1, unit C, of the Inter-Unit Cabling Diagram, figure
8-k.

TABLE 2-1. LIST OF WIRE TYPES

Letter Type of Wire

AN-J-C-48 .
Busbar, Round Tinned Copper

JAN Type WL (600 volts) 1
Miniature |
Extra-Flexible Varnished Cambric

General Electric Deltabeston »
Neon Sign Cable (15,000 volts) ‘
Single Conductor Stranded (Not Rubber)

Single Conductor Stranded (Rubber Covered)

JAN Type SRIR (1000 volts)

JAN Type SRRV (2500 volts)

<<Hg=2rRoa"oawre
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Lo o TABLE 2-2. LIST OF WIRE SIZES AND COLOR CODES
‘. Color of
Letter -Size of Wire (AWG) Number (.Wireoor [Tracer
A 22 0 Black
B 20 1l Brown
© 18 2 Red
D 16 3 Orange
.E 14 4 . Yellow
F 12 5 Green
G " 10 6 Blue
H 8 7 Violet
J 6 8 Grey
K Ll 9 White
L 2
M L1
N 0
P 00
Q »000
R 0000

Cable Identification Exanmple:

A JAN Type WL, #22AWG, Shielded, White wire with Red Tracer would be labeled
CAS92. A black #LLAWG neon sign cable would be lebeled KEQO. A breakdown of these
two descriptions is shown below.

c A S 9 . 2
Type of Wire Size of Wire Shielded Color of Body Color of Tracer
Jan Type WL F#22AWG White Red
K E 0]
Type of Wire Size of Wire Color of Body
Neon Sign Cable #LUAWG Black

2)9. AUDIO INPUT CONNECTIONS.

The audio signal should be brought into the transmitter cabinet on a shielded
twisted pair. Use the audio inppt hole 11lustrated in figure 2-1 for these wires.
The wiree may be run up the rear corner channel, avoiding the hinges to prevent
damage to the wires. The audio input connections are made to terminal board E-103
located inside the lower shelf of the driver cabinet audio chassis. The location of
this terminal board can be seen in figure T7-12. Connect the two leads of the
twisted pair to terminals 1 and 2 of E-103. Connect the shield to terminal 3 of

E-103.
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2.10 RF OUTPUT CONNECTIONS.
See paragraph 2.3.6.
2.11. FREQUENCY MONITOR CONNECTIONS.

Coaxial frequency monitor connector J-104 is located on the bottom
of the rf chassis as shown in figure 2-4. The transmitter is shipped with
a mating plug connected to J-104. Bring a piece of RG-8/U coaxial cable
through the proper hole in the floor of the cabinet as shown in figure 2-1.
Connect the coax to the plug associated with connector J-302.

2.12. MODULATION MONITOR CONNECTIONS.

Coaxial modulation monitor connector J-302 is supplied with the
proper mating plug. Figure 2-4 shows this connector located on the top of
the rf output network box. Thread a piece of RG~8/U coaxial cable through
the proper hole in the floor of the cabinet as shown in figure 7-5. Connect
the coax to the plug associated with connector J-302.

2.13. AUDIO MONITOR CONNECTIONS.

A shielded, twisted pair should be used for the audio monitor connec-
tions. Bring this wire through one of the monitoring lead holes in the bottom
of the cabinet. These holes are indicated in figure 2-1. The audio monitor
terminal board, E-301 is located on the right hand (viewed from rear) side
wall of the amplifier cabinet about half way up from the base. Connect one wire
of the shielded twisted pair to the high terminal on E-301. C(Connect the re-
maining wire and the grounded shield to the grounded terminal. Use extreme care
in the routing of this wire to clear high voltage points associated with the
modulator and feed-back divider.

2.14. OVERALL INSPECTION.

Before applying power to the transmitter go over all connections and
see that they are tight. Check to see that cables clear high voltage
conductors or points that may produce feedback. See that the tubes are firmly
in their sockets and that all air seals are adequate. Be sure that phasing
of power leads, filament transformers and plate transformer are respected.
Check fans and blowers to see that they rotate freely. Remove and inspect all
fuses.

2.15. INITIAL ADJUSTMENT.

2.15.1. PRE-ADJUSTMENT INSPECTION (Read paragraph 3.3 for control functions)
a. Before starting the equipment for the first time, inspect it carefully

to see that all filament and plate switches are in the OFF positions and the

power change switches are in the LOW position. Turn the FILAMENT powerstat
to the extreme counterclockwise position.
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b. Remove the plate caps from the two 866A and two 872A mercury-vapor rectifier
tubes, V-113 through V-116 in the driver cabinet and from the two 866As and the
six 872As (or 575As) in the power cabinet. Make sure that the plate caps hang
free and are-not near any metal parts.

c. Inspect all door interlocks. Press on the contact block until the spring
is completely compressed. Release the pressure. If the contact block does
not spring out to its original position, check the interlock carefully and ad-
Just 1t until it operates properly.

2.15.2 CONTROL CIRCUIT AND FILAMENT CHECK.,
a. Prior to application of any plate voltage to the driver or power amplifier
stages, a thorough check should be made on the control circuit and on the

filament voltages.

b. Close the blower and filament breakers located in the P.A. bay. No power

'showld be applied as yet to the blower or the filaments. Now, closing the

control circuit breaker should immediately turn on the meter panel lights.

Blower B-301 should start up and the red indicator light next to the blower
breaker should light up. As the blower comes up to speed the filament con-
tactor K-303 should close, applying . voltage to the filament transformer primary
and illuminating the green panel light located next to the blower switch. Check
to see if the filaments of all the tubes are 1lit. In the event some are not 1it,
check the fuses first in looking for the trouble. Closing of the filament con-
tactor should also start up circulating fans B-101 and B-201.

c. Assuming that the filaments are all 1it, the next step is to set the
primary voltage as read on M-201 in the center bay to 230 volts. This is
accomplished by adjusting the three-phase variac, T-201, located in the recti-
fier bay. This is the left hand knob on the front panel. Clockwise rotation
of the knob increases the voltage. Having adjusted the filament primary voltage
to 230 volts, the filament voltages of all the tubes should be checked at the
tube socket. In the event that any of the tube voltages vary by more than five
percent of the rated value, check the voltage between phases at the input of
the transmitter. These voltages should be balanced as nearly as possible.

Phase voltage unbalance will be the major cause of abnormal filament voltage.

d. Upon completion of the filament voltage adjustment, the blower hold relay
K-305 should be adjusted to give a delay of three to five minutes from the time
the control circuit breaker is opened until the blower shuts off. The blower
hold relay is the type in which air entering a bellows through a small adjust-
able orifice produces the time delay. The adjustment screw is on top of the
relay which is located to the right of filament relay K~303 in the PA cabinet
relay enclosure .
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In adjusting the time of the delay, turn the adjustment screw in a clockwise
direction to increase the time. At this point, a check should also be made
in the operation of the air interlock switch S-304. This switch is located
in the rear of the Power amplifier bay. The best check is to open the blower
breaker. When the air pressure in the tube chamber drops to the danger point,
the switch should open and the filament contactor should drop out, removing
power to the filaments. As soon as the action has been checked, power should
immediately be restored to the blower. When the blower is back up to speed,
the air interlock switch will again be closed restoring voltage to the fila-
ments. In the event that the air interlock switch does not operate properly,
make a check on the action of the switch. The switch mounting is slotted to
provide adjustment, and may require adjustment. In operation, as the air
pressure builds up, the canvas duct should expand, coming into contact with the
actuating arm of the air interlock switch and closing the micro switch, thus
closing the circuit to the filament contactor coil. With a removal of air
pressure, the canvas duct will collapse, allowing the micro switch to return
to its normally open position.
e. The plate voltage time delay relay, K-101, should be adjusted to give
a delay of approximately 30 seconds. The delay time is controlled by potenti-
ometer R-171 located Jjust below K-10l. Turning this control in a clockwise
direction increases the length of time delay.

f. With all filament controls working properly and all doors closed, driver
plate contactor K-102 should close when the time delay operates, and time delay
light I-101 should light. ©Now, closing the driver breaker switch S-107 should
result in closing of the high voltage plate contactor K-204.

g. At this point a check should be made on the interlock system. Each door
should be opened individually and a check should be made to see the high voltage
final and driver plate contactors drop out. A sgimilar check should be made on
the filament interlock relay K-304 by operating this relay manually.

h. At this stage, a check can also be made on the overload circuit, by
operating the d.c. overload relay K-201 manually. (Refer to paragraph 4.5

for a description of the overload circuit.)

i. This completes the check of the power circuit. Throw the control and
plate switches to the off positions. -

NOTE

Leave the PA filament and blower breakers ON. See note after
step x. . ’

j. Replace the plate caps on the 866A voltage rectifier tubes V-115 and
V-116 (driver cabinet).
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NOTE

OPERATION OF THIS EQUIPMENT INVOLVES THE USE OF HIGH
VOLTAGES WHICH ARE DANGEROUS TO LIFE. OPERATING PERSON-
NEL SHOULD AT ALL TIMES OBSERVE PROPER SAFETY PRECAUTIONS.
DO NOT MAKE ADJUSTMENTS INSIDE QF THE EQUIPMENT WITH THE
HIGH VOLTAGE APPLIED. DO NOT DEPEND UPON THE DOOR INTER-
LOCKS FOR PROTECTION., ALWAYS SHUT DOWN THE EQUIPMENT
WHEN MAKING ADJUSTMENTS.

k. Rotate the crystal selector switch, 85-101, to the desired position.
The location of this switch is shown in figure 3-1.

m. Throw the control switch to the on position (the filament and blower
breakers must be ON first) and allow the transmitter to run for 20 minutes
with only the filaments lighted. This operation is necessary in order to
properly age the mercury vapor rectifier tubes. Aging is required for all
new mercury vapor tubes and for old tubes that have been agitated or inverted.

n. Throw the driver cabinet plate switch (only) to the on position.

0. Rotate the driver multimeter switch through the first three positions
and check the readings with those given in table 3-1. The full-scale
reading of the multimeter is indicated for each position of the multimeter
switch.

P. Rotate the multimeter switch to the position designated 807 grid, 25 ma.
It will be necessary to adjust C-114 and C-115, the first buffer tank circuit
trimmers. The location of screwdriver ad justments, for these two trimmers
is shown in figure 3-1. They should be adjusted for maximum 807 grid current.
These two trimmers are connected in parallel as shown in figure 8-2 for standard
broadcast band. One of the trimmers should be ad justed to give a good tuning
range with the second trimmer. The first trimmer adjustment opening should
then be sealed with scotch tape and all adjustments made with the second trimmer.

Q- Rotate the multimeter switch to the first buffer cathode position and
check the reading against table 3-1.

r. Rotate the multimeter switch to the PA grid position to check the adjust-
ment of the 807 rf driver plate trimmer capacitors, C-125 and C-126. The
gcrewdriver adjustments for these trimmers are shown in figure 3-1. They should
be adjusted for maximum power amplifier grid current. These two trimmers are
connected in parallel as shown in figure 8-2 for the standard broadcast band.
One of the trimmers should be adjusted to give a good tuning range with the
second trimmer. The first trimmer opening should then be sealed with scotch
tape and 'all adjustments made with the second trimmer.

s. Turn off the plate and filament switches and replace the plate caps on

the 872A high voltage rectifier tubes, V-113 and V-114 in the driver cabinet
and on the 866A and 872A (or 575A) tubes in the power cabinet.
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t. Turn the two driver cabinet bias adjustment controls, R-162 and R-163,
to the maximum clockwise position. This adjustment results in maximum
bias and minimum audio driver tube plate current.

u. ‘Turn the driver cabinet power change switch, S-103, to the low
position.
V. Set the driver amplifier loading to minimum by turning the driver
cabinet PA loading control, C-147, to 100 on the dial.
. Close the transmitter rear doors.
X. Turn the blower -and the filament breakers to ON,

NOTE

Leave the blower and filament breakers on hereafter.
Use them as breakers and not as switches. Use the
control breaker to turn the blower and filaments on
and off. This is necessary to get proper time delay
and blower hold-on.

Y. Turn on the Control breaker (left end of transmitter). After
warm-up cycle (control circuit lamp lights) turn the driver plate
breaker on.

Z. Adjust the driver amplifier tuning control, C-146, for minimum

driver amplifier plate current. Observe RF ammeter on driver cabinet. If it
is reading off scale, check resonance of the PA grid tuned circuit and ob-
gserve clip settings in the primary and seconday of L-301. The RF meter

is shunted by a piece of buss wire for further protection.

aa. Tune the PA grid circuit to resonance as indicated by a rise in PA
GRID CURRENT. AdJjust the clips of L-301 if necessary. With the driver
LOADING control at 100 the final amplifier grid current should read between
50 and 150 ma. providing the link circuit between the driver and PA grid
circuit is properly terminated.

NOTE
Look through the power cabinet window and see if there
is a blue glow in the bias supply 866A rectifier tubes

indicating the PA bias supply is working.

ab. Turn the driver cabinet power change switch, S-102, to the high
position.
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ac. Increase the LOADING of the driver cabinet until the PA grid cur..
rent reads approximately 200 ma for the 21E or 230 ma for the 2IM on the
standard broadcast band or 130 ma (21E) and 150 ma (21M) for the short
wave broadcast. Try to duplicate the test date furnished with the trans-
mitter. Retune the driver plate circuit each time a LOADING or GRID
TUNING adjustment is made.

ad. Adjust the audio driver bias controls, R-162 and R-163 until 100
ma of audio driver plate current is drawn and the plates of the two 41254
audio driver tubes, V-110 and V-111, appear to be dissipating equal amounts
of power.

ae. Turn the driver plate switch to OFF.

af . Turn the MODULATOR BIAS ADJUSTMENT controls to full clockwise position
(Highest bias).

ag. Turn the PA LOADING dial to full capacity (100 on the dial).

ah. Connect a sensitive oscilloscope to the transmitter output terminal or

couple the oscilloscope to the PA tank coil with a loop.

ai. Turn the neutralizing capacitor two turns to allow rf feedthru. Remember
in which direction the capacitor was turned. :

CAUTION
Be sure the PA plate breaker is OFF,

aj. Turn the driver plate switch to ON.
ak. Tune the PA PLATE tuning condenser and adjust taps on the power amplifier
tank coil until a rf pattern appears on the scope. Adjust until the pattern indi-
cates resonance of the PA tank.
am. By small steps return the neutralizing capacitor towards the position
from which it was turned in step ai. Watch the height of the pattern in the
scope and adjust the neutralizing capacitor for minimum amplitude. The power
amplifier is now tuned to resonance and neutralized

an. Remove the oscilloscope connection from the transmitter. This is importantt

ao0. See that the transmission line with properly terminated antenna 1s connected
to the output terminal.

ap. With the power level switch in the low position, turn the power amp-

lifier PLATE breaker to ON and immediately re-establish plate circult reson-
ance as indicated by a dip on the PA PLATE meter.
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ag. Check the resonance of the grid circuit and make a gquick reading

of all meters and if reasonably close to those in table 3-1, start load-

ing the power amplifier by manipulation of the LOADING control with the taps
of coil L-306 set as indicated in the test data sheet. Changes in these

two components will usually necessitate a readjustment of the PA TUNING
contrdl.

ar. load the PA tubes to the values indicated in the test data sheets
for low power. Adjust the PA grid current to the values shown in the

test data sheets. This value is different for standard broadcast and short
wave bands.

as. Turn the PA POWER LEVEL switch to the HIGH POWER position and load
the power amplifier to the values indicated on the test data sheet for high
power.

at. Adjust the two MODULATOR BIAS ADJUSTMENT controls R-335 and R-336
until 200 ma cathode current is obtained on each tube as indicated by the
PA cabinet multimeter.

WARNING

For proper operation and long life of the modulator tubes do
not run the static modulator plate current of each tube over 250
ma maximum.

aw. Connect an oscilloscope to the modulation monitoring Jjack J-302
and obtain a workable pattern by adjusting the taps and condenser assoc-
iated with L-307, starting in a minimum position.

ay. Gradually introduce (see warning below) a 1000 cps audio signal
to the transmitter audio input terminals and watch the modulator plate
current indication. 100% modulation should occur at about 1.5 amp plate
current per tube for the 21E and 2.6 amp for the 21M.

WARNING

When modulating the transmitter with test tones do not
run modulation levels over 50% modulation for periods

of over one minute at a time or serious damage to the.
modulator tubes will result. This is particularly true
when modulating with tones of 5000 cps and higher or with
tones of 100 cps or lower. Damage to the modulator tubes
will be first noted by solder depositing in the cavity be-
tween the anode radiator and the anode seal.

aw. Remove the audio signal and turn the POWER LEVEL switch to LOW.

ax. Adjust R-208 until 200 ma average static cathode current per
tube is obtained on the modulator tubes.
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SECTION III

OPERATION

3.1. STARTING THE EQUIPMENT
3.1.1. ROUTINE. (See paragraph 3.3 for description of Controls.)
a. Check to see that Station exhaust fans (if used) are turned on.
b. Check to see that transmitter rear doors are closed.
c. Check to see that the PA BLOWER and FILAMENT breakers are ON.
CAUTION
Leave the BLOWER and PA FILAMENT breakers in the ON posi-
tion, this insures full warm-up cycle and cooling cycle.
g;;.the CONTROL breaker to turn the blower and filaments

d. Throw the CONTROL breaker to ON. This will be used as the transmitter
start switch.

e. Adjust FULAMENT PRIMARY for 230V.
f. Turn the POWER LEVEL control on the middle cabinet (right hand control)
to desired power level (dial pointer up or down for high power, to either side

for low power).

g. Check to see that the desired crystal is in use. The right hand
crystal is selected when the switch is thrown to the right.

h. Move the driver PLATE breaker to ON. Observe meter readings.
i. Move the power amplifier PLATE breaker to ON.

J. Check all meter readings including all of the circuits that are read
on the multimeter switches. Typical meter readings are listed in table.

k. Make all possible monitoring operations.
m. If adjustments are required, read paragraph 3.3.16. through 3.3.31.
3.1.2, TEST PERIODS.
During test periods the equipment can be turned on (and off) by first
following paragraph 3.1.1. to get the equipment operating then by merely

turning the driver cabinet CONTROL switch ON and OFF, a sequence start
will result.
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The time delay circuit will automatically allow proper filament heating and then
automatically turn on the plate supplies without manipulation of any other control.
3.2. STOPPING THE EQUIPMENT.
3.2.1. EMERGENCY.

a. Throw the driver cabinet CONTROL switch to OFF.

b. Throw the PLATE circuit breakers to OFF.

c. Let the PA cabinet blower run for 2 to 5 minutes as controlled by the delay
relay, except in most serious emergencies.

d. Open the power feed cut-out, external to the transmitter, before entering to
repair the circuit.

3.2.2 ROUTINE:
a. Throw the CONTROL breaker to OFF. (The blower will continue to run from 2

to 5 minutes).

Table 3-1. Typical Meter Readings, Broadcast Band

21E and 21M
Switch Switch Position Meter Meter
) Reading
Multimeter Switch 1st Audio Cath. 25 ma. Multimeter L ma.
Multimeter Switch Osc. Cath. 25 ma. Multimeter L ma,
Multimeter Switch 1st Buff. Grid. 2.5 ma. Multimeter 1.0 ma.
Multimeter Switch 1st Buff. Cath. 25 ma. Multimeter 6.5 ma.
Multimeter Switch 807 Grid 25 ma. Multimeter 1 ma.
Multimeter Switch 807 Cath. 250 ma. Multimeter 75 ma.
Multimeter Switch P.A. Grid 25 ma. Multimeter 22 ma.
Driver Power Change | High Mod. Plate Cur- 125 ma.
rent (Driver)
Driver Power Change | High P.A. Plate 2700 volts
Voltage
Driver Power Change | High P.A. Plate Cur- 100 ma.
rent (Driver)
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21E
Meter
Switch Switch Position Meter Reading
Multimeter Switch P,A. Grid Current 250 ma. | Multimeter
(Low Power) 200 ma.
(Eigh Power) 220 ma.
Multimeter Switch Rear Modulator Cathode Multimeter
2.5 amp.
(Low Power, no signal) 0.15 amp.
(Low Power, 100% Mod.
at 1000 cps) 0.325 amp.
(High Power, no signal) 0.2 amp,
(High Power, 100% Mod.
at 1000 cps) 0.725 amp.
Multimeter Switch Front Modulator Cathode Multimeter
2.5 amp.
(A1l values identical to
the Rear Mod. Cathode
Values)
Multimeter Switch Front P.A. Cathode 2.5 amp.| Multimeter
: (Low Power) 0.48 amp.
(High Power) 1.3 amp.
Power Change Low (no signal) Mod. Plate 0.3 amp.
Current
High (no signal) 0.4 amp.
Low (100% Mod. 1000 cps) 0.65 amp.
High (100% Mod. 1000 cps) 1.45 amp.
Power Change Low P.A. Plate 2900 v
’ Voltage
High 5100 v
Power Change Low P.A. Plate 0.48 amp.
Current
High 1.3 amp.
|
21M
Switch Switch Position Meter Meter
Reading
Multimeter Switch P.A, Grid Current, 250 ma. [Multimeter
(Low Power) 200 ma.
(High Power) 230 ma.
Multimeter Switch Rear Mod. Cathode, 2.5 amp.|Multimeter
(Low power, no signal) 0.2 amp.
(Low power, 100% Mod.
1000 cpe) 0.75 amp.
(High power, no mod.) 0.2 amp.
(High power, 100% Mod.
1000 cps) 1.25 amp.
Multimeter Switch Front Mod. Cathode 2.5 amp |Multimeter
(All values identical to
the Rear Mod. Cathode
values)
3=2
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21M
Switch Switch Position Meter ﬁ::ging
Multimeter Switch Front P.A. Cathode 2.5 amp.  Multimeter
(Low Power) 0.8 amp.
( High Power) 1.3 amp.
Multimeter Switch Rear P.A, Cathpde 2.5 amp.
(Same as Front P,A,
Cathode )
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