Westernn Electric

NO. 23A
RADIO TRANSMITTER

PRELIMINARY INSTRUCTIONS

843-P




WESTERN ELECTRIC

NO. 23A RADIO TRANSMITTER

PRELIMINARY INSTRUCTIONS

No. 843P

WESTERN ELFCTRIC COMPANY




WESTERN ELECTRIC

NO. 23A RADIO TRANSMITTFR

GENERAL DESCRIPTION

The lYiestern Electric No. 23A Radio Transmitter will deliver a
maximum of 250 watts of completely modulated radio frequency carrier power
at any frequency between 550 and 1€00 kc. Normally it operates from a 200-
240 volt single-phase, 50-60 cycle, power source, requiring approximately
2300 watts at a 909 power factor for 250-watt operation and approximmtely
1900 watts at a 90%, power factor for 100 watt operation. An auto-~
transformer, which must be ordered separately, can te supplied for 100-
120 volt, single-phase, 50-60 cycle operation where 200-240 volt power
is not available.

The No. 310A and No. 310B Radio Transmitting Equipments each
consist of a fully equipped No. 23A Radio Trensmitter and differ only
in the number of vacuum tubes used in the final radio frequency ampli-
fier. The Wo. 310A Radio Transmitting Equipment uses four vacuum tubes
for 100-watt service and the No. 310B Radio Transmitting Equipment uses
s8ix vacuum tubes in the final amplifier for 100/250 watt service.

The No. 23A Radio Transmitter consists of a quartz-controlled
oscillator, a buffer amplifier, a balanced modulating amplifier fol-
lowed by two radio-frequency balanced linear amplifiers, two stages of
audio-frequency amplification, a feedback rectifier and a plate voltage
rectifier with associated filter and control circuits. A flashing

signal lamp indicates the proper operation of the oscillator temperature-



control circuit.

Modulation in the No. 23A Radio Transmitter is effected in
the multi-element tubes of the second amplifier. The radio frequency
voltage is applied to the control grids, and the audio frequency
voltages are applied to the suppressor grids. This is essentially grid
bias modulation in that the bias on the suppressor grids is varied in
accordance with the audio frequency voltage applied to them.

§tab111zed feedback is used in the transmitter to reduce the
noise and the audio frequency harmonic distortion normally present in

the output wave of radio transmitters.

INSTALLA TION

When the No. 23A Radio Transmitter has been installed and
connected in accordance with the installation information furnished
with the equipment, the procedure indicated below should be followed.

Vacuum Tubes and Fuses

Placa two No. 249B Vacuum Tubes in the sockets, VS15A and
VS16A. Place the clip leads on the anodes of the tubes. Insert
from left to right a No. 244A, a No. 262A, a No. 271A, and three RCA
837 Vacuum Tubes, designated V12A, V13A, V14A, V3A, V2A ahd V1A, re-
spectively in the sockets of the audio and radio frequency emplifiers.
Connect the clip leads to vacuum tubes V1A, V2A, V3A and V13A.

Place six (or eight) No. 242C Vacuum Tubes, as required, in
the sockets VS4A to VS9A or VS11lA, inclusive. Place a two-watt, 18-

volt, G.E.Co. type 4 Lamp in each of the cendelabra sockets, ES1A and

ES2A.
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Insert two S-ampere, 250-volt Cartridge Fuses in cut-outs
FMl.l1A and FMl.2A, two 2-ampere, 250-volt Cartridge Fuses in cut-outs
FM3.2A and FM3.3A and a 2-ampere, 2500-volt Wastern Union Telegraph

Fuse in cut-out Fi2A. Do not install a fuse in cut-out FM3.1lA.

No. 602A Oscillator

The No. 702A Oscillators, the No. 7A Quartz “lates and the
H8-7754 Thermometers are shipped separately and should be assembled
as specified in the Instruction Bulletin accompanying the No. 702A
Oscillator. Place a No. 247A Vacuum Tube in the oscillator tube
socket, V1, and then replace the tube shield. Slide and lock the
No. 702A Oscillator in place on the lower set of guide rails. If a
spare No. 702A Oscillator is installed, slide and lock it in place
on the guide rails provided above the regular oscillator.

ADJUSTMENT AND TUKING PROCEDURE

The No. 23A Radio Tranamitter may be adjusted and tuned
in accordance with the following procedure:

CAUTION:~ DUE TO THE HIGH VOLTAGES EMPLOYED IN THIS

TRANSMITTER ALL FRONT AND SIDE PANELS

SHOULD BE IN PLACE AND THE REAR DOOR CLOSED BEFORE

ANY ATTEMPT IS MADE TO OPERATE THE BQUIPNMENT.

With all switches in the "Off" position, connect power to
the transmitter. Set the "Voltage Control” to the extreme counter-
clockwise position and close the "Power Supply” switch (D3A) located
in the rear of the tranamitter. With the voltage control trans-
former, T3A, connected 1—4, as wired in the factory, the "Supply
Voltage” (MlA) should read betwsen 200 and 212 volts. If the read-
ing is higher, move the connections on T3A to 1-5 and if it is too

low, move the connections to 1-3. Open “Power Supply” switch,
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Close the "Oscillator Heater Supply” switch, (DlA), located in the rear
and to the left and above the "Power Supply” switeh. This permits the
heating of the llo. 702A Oscillator while the reminder of the adjust-
ments are being made. The oscillator heater indicator lamp‘ElA (and
E2A if a spare oscillator is used) will remain lightéd only until the
asgociated oscillator is at the proper temperature, at which time the
correspoﬁding lamp will flash intermittently. The emact time of the
"On" and “"Off" intervals is dependent upon the ambient temperature.

Adjust the taps on inductance coils L3A, LBA, L1lA, L18.1A
and L21A and set controls of condensers CllA, Cl2A, C20A and C21A in
accordance with Table I.

Connect link switch D1l1A to terminal No. 21. Place "Power
Transfer” switch (D12A) in the "High" position. Place link switches
D9A and D10A in position No. 1, and close link switch, D8A.

Preliminary Tuning

Close "Power Supply” switch and close the rear door.
Operate "Master Control” switch (D4A) clockwise to the "Fil."” posi-
tion. Adjust "Voltage Control” until "Supply Voltages" indicates
220 volts.

After approximately 30 seconds turn "Master Control”
switch clockwise to the vertical position and then to the "Plate”
position*. Then close "High Voltage" switch (DSA) end observe the
indication on "Plate Voltage"” meter (M4A) which should be approxi-
mately 1300 volts. If this voltage is low, (approximately 750 volts)
*Note - It is essential that the filaments of new mercury vapor

tubes be heated at least 15 minutes before the high voltage
is applied. (See Vacuum Tubes under "iaintemance").
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check operation of relay SZ2A in accordance with the information given
under "Location of Trouble". In the following tuning procedure the
controls are adjus_ted with a spanner wrench furnished with,the equip-
ment. Place "Test Meter Switch" (D7A) in each of. the eight positions,
and note that in no case is the "Test Meter' (M2A) off scale.

Set "Test ieter Switch" in position "1lst R.F. Amp. Plate”
and adjust "lst Amp. Tuning"” control (C4A and C5A) until "Test Current"
meter reads a minimum. Chasnge "Test ifeter Switch"” to "2nd R.F. Amp.
Grid" and readjust "1lst Amp. Tuning" slightly for a maximum on "Test
Current” meter.

Adjust "lst Amp. Output” control (RBA) until "Test Current"
meter reads approximately midway between the limits given in Table II.
Set "Test Meter Switch"” to "2nd R.F. Amp. Plate” and adjust "2nd Amp.
Tuning" control (Cl3A) until "Test Current” meter reads a minimum,
Change "Test Meter Switch” to "3rd R.F. Amp. Plate' and adjust "3rd
Amp., Tuning" control (C24A) until "4th Amp. >late Current" reads a
maximum. Check "<nd R.F. Grid" and "3rd R.F. Amp. Plate" currents
with Table II.

Set "4th Amp. Coupling"” control at zero and “4th Amp.

Input” control (R20A) to approximately mid-position. Adjust
®4th Amp. Tuning” control (C32A) until "4th Amp. Output Current”
meter (iSA) reads a maximum. This is obtained by alternately
adjusting "4th Amp. Input" control and "4th Amp. Tuning” control
until "4th Amp. Output Current" reads a meximum at approximately
1.0 ampere. The "Transmission Line Current™ meter (MBA) should

read zero.




o

NEUTRALIZ ING

The third and fourth amplifiers must now be neutralized in
the following manner: Shut down the transmitter and disconnect the
thermocouple end of the lead between C34A and TClA. With a temporary
jumper connect the free end of this lead to the clip on L21A. Set
the test meter switch to the "Feedback Rec" position. Open Link Switches
D9A and D10A. Start the transmitter and increase the "4th Amp. Coupling".
a slight emount. Adjust the "Coupling Circuit Tuning" control (L21A)
for a maximum indication of the "Test Meter". TFull scale reading of the
"Test Meter" should not be exceeded during this process, a reduction in
the setting of "4th Amp. Input” control being mede if necessary to reduce
the "Test Meter" reading to somewhat less than full scale. If in-
sufficient reading of the "Test Meter" is obtained to give a good in-~
dication the capacity of C34A should be increased until a satisfactory
value is obtained. Neutralize the fourth amplifier by adjusting the
"4th Amp. Neutralizing” (C26A) and (C27A) control for a minimum indica-
tion of the "Test Meter". Shut down the transmitter, open link switch
D8A and close link switches DY9A and D1OA to position 1 as before.
Start the transmitter and neutralize the third amplifier by adjusting
the "3rd Amp. Neutralizing"” control ‘(Cl18A) and (Cl9A) for a minimum
indication of the "Test Meter”. Shut down the transmitter,.cioae link
switch D8A, remove of the temporary jumper, reconnect C34A QR:TCIA,
set the "4th Amp. Output Coupling” and C34A to zero. :

For transmitters prior to serial #126, a modification of the
connection changes to be made preparatory to neutralizing is necessary.

In these transmitters the condenser C34A is connected to coil L22A




instead of to TClA. Therefore in this case the lead connecting L322A

to C34A should be removed from C34A and connected by means of a
temporary jumper to the point between C35A and C36A. With this change
in connections the‘neutralizing procedure should be carried out exactly

as previously described.

OUTRUT TUNING

Increase "4th Amp. Coupling" a slight amount and then tune
the coupling circuit ty adjusting '"Coupling Circuit Tuning" control
until the "4th Amp. Output Current” meter indicates a minimum.

Then check the tuning of the 4tk amplifier for minimum plate current.

Adjust alternately the "4th Amp, Input" control and the
"4th Amp, Coupling™ until the "4th Amp, Plate Current" is in accord
with Table II when the "Plate Voltage" is 1256C volts, the "Supply
Voltage" is 220 volts, the "4th Amp, Output Current" is in accordance
with Teble II and the "Transmission Line Current" meter (M6A) indi-
cates the proper output -for the power of the transmitter as shown in
Table II,

The "4th Amp. "late Current” meter, is normally connected
to indicate the total plate current in the vacuum tubes of the final
amplifier. The plate current indication on this meter of tubes VBA
and VBA or V6A, VBA and V10A when D9A is in position 1 and D10OA 1is
in position 2 should be within 10 ma. of the plate current indication
of tubss V7A and V9A or V7A, V9A and V11lA when DSA is in position 2
and D1OA 1s in position 1. This balance can be obtained by adjusting
the relative positions of the contact arms on resistors R20.lA and
R20.2A« The amount that either of these controls should be moved

depends upon the unbalance indicated on "4th Amp. Plate Current” meter.
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tYthen all tuning adjustments are completed, and the transmitter is
delivering the desired output power, the meter readings shall be in ac-
cordance with Table II, "Typical Meter Reading”, with the exception of
the "Feedback Rec." current which will be adjusted later.

The transmitter is now ready to be connected to the concentric
transmission line by connecting I}nk switch D11A to terminal 20. This
line connects the output of the transmitter to the Antenna Coupling
Unit which is adjusted and tuned in accordance with Instruction Bulletin
accompanying it.

Set the feedback rectifier input control until the "Feedback
Rec." current is as indicated in Table II. -If arn. audio oscillator is
available a more accurate setting of feedback may be made as follows.
With the single frequency audio input level to the transmitter adjusted
to the value of Table II the output for complete modulation should be
observed as an increase of 22-1/2% on the "Transmission Line" meter.

If the current increase is either more or less than this increase or
decrease, respectively, C34A until the proper percentage is attained.
This will provide the proper amount of stabilized feedback. The "Feed-
back Rec.” current indicated on the "Test Current” meter should be

within the limits given in Table II.

OPERATIIG PROC EDURE

Normal Operation of the 310A or 310B Equipment

When the No. 23A Radio Transmitter is adjusted and tuned as
described in the preceding paragraphs, the routine operation is as
follows.

The "Oscillator Heater Supply” ewitch (D1A) is always left

"On"™ in order to furnish power to the osscillator heater circuits.
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Before starting the transmitter, the antenna-~ground switch
shall be connected to the antenna position, the link switeh DllA in
the transmitter shall be connected to terminal No. 20, and the "Power
Transfer"” switch shall be either in the "High" position for 250-watt
operation or in the "Low" position for 100-watt operation. The posi-
tion of "Power Transfer" ewitch for 100-Watt operation refers to
either the No. 310A or No. 310B Radio Transmitting Equipment.

Note:~ Hever operate the 310A Radio Transmitting Equipment
with the “Power Transfer' switch in the "High"
position.

The "Power Supply" switch is closed, followed by the operation of the
"Master Control Switch"™ to the "Fil." position and after a pause of
at least 30 seconds to the "Plate"™ position. If the "High Voltage"”
switch is "On" the tranamitter will deliver power to the antenna.

If the "High Voltage" switch is "Off*", it mey be operated at the con-
venience of the operator at any time after the "Master Control
Switch" has been oparated to the "Plate™ position. The output power
may be slightly high at first but will be normal as soon as the
equipment has attained the operating temperature.

CAUTION:~- In the event of power failure the "High Voltage"

switch, should be operated immediately to the
"Off" position. The plate voltage may be
apovlied after a 15 second delay following tho
return of the power as indicated by the

"Supply Voltage™ meter.
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The transmitter is shut down by operating the "Master Control®
switch clockwise to the "Off" position. The transmitter may be shut
down for a short interval by the "High Voltage" switch. For long shut
down periods operate the "Power Supply" switch to "Off" in addition to
the "Master Control" switch.

Modulation and Monitoring

The single frequency level of audio power required to completely
modulate the transmitter is given in Table II. For fine quality, the
program level for complete modulation should be 6 db lower than the
single frequency level. Visusl monitoring of the carrier may be ac-
complished by connecting a cathode ray oscilloscope to terminals
Nos. 12 and 13. A simple anti-resonant circuit across the input of
the oscilloscope may be used to increase the deflection.

Monitoring of the transmitter is accomplished by connecting
transmitter terminals Nos. 9 and 10 to the monitoring equipment. The
impedance of this monitoring circuit is 500 ohms and it should be so
terminated.

Reduced Power Operation for the No., 310B Equipment

In order to reduce the rower output from 250 watts to 100
watts the 'Power Transfer" switch is operated to the "Low"™ position.
The "4th Amp. Coupling” and "4th Amp. Input"” controls are adjusted
until the proper plate current and transmission line currents are ob-
tained as given in %e®de- §w The audio input level is reduced 5 db
below the level required for 250 watt operation as indicated in

Table II.
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MAINTENANCE
General
Cleanliness is essential to the best operetion of this equip-
nent and the unit. must be kept free from dust and dirt. Compressed air or
equivalent is recommended for cleaning the apparatus inside the en-
closure, but a soft clean cloth may be used with good results. Weaste
or oily cloth should never be used.

Care of Cabinet

The lacquered surfaces and chromium trim may be poiished by
rubbing them with a piece of soft cloth moistened with metal polish
and finally wiping with a dry, clean soft cloth. Any visible grease,
0il or wax should first he removed with carbon tetrechloride before
apnlying the polish.

Air end Electrolytic Condensers

The variable air conQensere in the shielded compartments
should be cleaned at least once a month with compressed air or
equivalent. This prevents the collection of dust which may result
in the arcing of the condensers thereby taking the station "off the
air". C32A shall not be opened as it is sealed against dust.

The electrolytic condenser (C29A), associated with the
monitoring circuit, has a life of approximately one and one-half
years and should be replaced about once a year. In replacing this
condenser it is essontial that the correct polarity be maintained.

Voltage Control Transformer (T3A)

The sliding surface of the voltage control trensformer
(T3A) should be cleaned at weekly intervals with a lintless cloth

slightly moistened with carbon tetrachloride. In generel T3A



e -

should be given the same care as that required by the commutator and brushes
of a motor,

Vacuum Tubes

In order to obtain both maximum life and satisfactory per-
formence, it is important that vacuum tubes be operated within their
voltage limits. (See Table II). As far as possible the operator should
anticipate tube failures and make the required tube replacements. Tube
failures may be guarded against to some extent by keeping a careful
record of the length of time the tubes have been in service and by
observing from time to time the condition of the tube elements.

When the glow of the mercury vapor rectifier tubes V15A and
V16A changes from the normal bluish-green to a very pale blue, the tubes
have reached the end of their useful life and should be replaced.

It is essential that the filaments of new mercury vapor

tubes be heated at least 15 minutes bofore the high voltage is applied.

This is in order to remove any particles of mercury adhering to the

sides or elements of the tubes which might result in flashovers.

Spare rectifier tubes should be prepared for service in advance by
Placing them in the equipment when not in use and giving the filaments
the necessary preheating with the "High Voltage” switch (DSA) in the
"Off" position. This procedure should be repeated at least once a month.
Spare rectifier tubes thus preheated should be kept in an upright posi-
tion until they are required.

Thermocouples

Whenever damaged external heating elements associated with the

radio frequency meters are sent in for repairs, the heating elements
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must be accompanied by the associated meter for calibration purnoses.

Additional Routine

Once a month test all nuts, bolts and screws and tighten any
loose ones. Also, check all connections and if any loose contacts are
found they should be made secure. Cases of trouble can often be pre-

vented by such precaution.

LOCATION OF TROUBLE

General

If this equipment is regularly and carefully maintained very
little trouble will be experienced. A new operator should endeavor
to become familiar with the circuits, their functions and the location
of apparatus as quickly as possible. A complete detailed schematic
diagram of all radio frequency, audio frequency, power and power con-
trol circuits is given in this bulletin.

In case of trouble in any of the control or protection cir-
cuits, the operator should remember that these circuits are inter-
locked so that the failure of one piece of apparatus often prevents
other pieces from functioning. For example, should the plate voltage
relay (S1A) fail to operate, the "High Voltage™ switch (DSA), door
switch (D6A), and the door switch in the Antenna Coupling Unit should
be investigated. Any one of these may be causing the trouble. This
method of checking through circuits should be continued until the de-
fective piece of apparatus is located.

Trouble in the radio frequency circuits is usually caused
by improper adjustment. The first step in case of trouble in these

circuits should be to see that all adjustments are in accordance with
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those described in this bulletin, as well as with the adjustments
recorded in the station log.

Surge Suppression Relay

Should relay S2A fail to operate as indicated by low (Approx-
imately 750 volts) "Plate Voltage™ on meter !M4A, adjust the slider tap
on R49.1A until the voltage between this tap and ground measures
approximately 100 volts when the transmitter is delivering its rated
output power. Under this condition relay S2A should operate a fraction
of a second after "High Voltage” switch (DSA) is operated.

SPARE PARTS

The 1ist of "Spare Parts" on Table III is recommended as a
complement of spare equipment which may be purchased at the customer's
option. Spare electrolytic condensers are not recommended as the
self life may be no longer than the service life. -These condensers
should be purchased only when replacements are to be made,

Detailed information is given in Table II which will be of

value in locating causes of improper operation.

ENGINEERING SERVICE AND INFORMATION FOR

ORDERING REPLACEMINTS

Fngineering Service may be obtained through the nearest
Branch House of the Graybar Electric Company, and authorization for
such service should be placed with them. In Canada, this service
may be obtained through the Northern Electric Company, Ltd., and in
other foreign countries with the International Standard Electric

Corporation.
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Orders for replacement apparatus should specify the appara-
tus designation (such as, R2B) shown on the drawings and usually
stamped on the apparatus as well as the name, catalog number, nameplate
data and serial number of radio transmitter and other pertinent in-

formation which is available.

Instruction Bulletin No.
The Equipment Described in This Bulletin l'as Designed and
Developed for the liestern Electric Company
by
BELL TELEPHONE LABORATORIES

WESTERN ELECTRIC COMPANY



550
600
690
700
750
770
780
640
850
900
910
950
990
1000
1090
1100
1150
1200
1250
1300
1310
1350
1400
1450
1500
1510
16090

Note:

*L3A
Tota
Turn

130
120
110
108
104
102
102
98
96
92
92
86
82
80
74
72
68
64
60
58
58
54
50
46
44
44
38

Table I

Western Electric No, 23A Radio Transmitter

APPROXIMATE RADIO FRECUENCY ADJUSTMENTS

To Accompany Temporary Instruction Bulletin

550 to 1600 KC.

L18.1A TL21A
1 . .TOtal Total
8 Turns Turns

(1) (2)
38 70 40
34 63 34
30 58 29
30 54 30
28 51 26
26 50 24
26 49 22
24 47 20
24 4 25
22 42 23
24 41 22
24 38 19
24 35 16
24 3% . IS
22 30:_ 18
22 27 19
22 25 17
22 23 15
20 21 13
18 20 10
18 24 10
18 23 9
18 22 ?
18 20 6
16 18 S
16 17 13
16 15 10

Cl1lA
Cl2A
Div.

50
50
50
45
45
45
45
45
40
40
40
40
40
40
40
35
35
35
35
35
35
30
30
30
30
30
30

C20A
C2lA
Div.

65
65
65
60
60
60
60
60
60
60
50
50
50
50
50
40
40
40
40
40
40
30
30
30
30
30
30

*13A - Use Detail 1, ES0-609199 for 550 to 990 KCT.

L8A)

_ End turns left open for 550 to 800 KC.
L1l1A) End turns short-circuited for 810 to 1600 KC.

Detail 2, ES0-609199 for 1000 to 1600 KC.

C30A
C31lA
MPd.

.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004
.0004
«0004
.00C2
.0002
.0002
.0002
.0002
.0002
.0002
.0002
0002
.0002
»0002
.0002
.0002
.0002
+0002
0002
0002

**I21A ~ Usé column (1) for transmitters prior to serial #126.

Use column (2) for all subsequent transmitters.

***C36A - Omitted in transmitters subsequent to serial #125.

C35A
***C36A
Mfd.

«0006
.0006
«0006
«0005
.0005
0005
«0005
.0005
.0004
0004
0004
.0004
«0004
.0004
.0004
.0003
.0003
.0003
.0003
+0003
.0003
.0003
.0003
.0003
.0003
.0002
.0002

In transmitters prior to serial #126 the condenser changes were made
at 780, 1000, and 1310 KC instead of as showm,



Circuit Designations

Puwer Supply Voltage (MLA

Osc. Plate Current (M2A)

lst R.F. Amp. Plate Current
(M2A)

2nd RoFo
{M2A)

Amp. Grid Current

2nd R.F.
(M2A)

Amp. Plate Current

3rd Amp. Plate Current (M2A)

4th Amp. Plate Current (M3A)

Plate Voltage (MiA)

4th Amp. Output Current (MSA)

Transmission Line Current (M6A)

Feedback Rect. Current (M2A)

1st A.F. Amp. Plate Current
(M2A)

2nd A.F. Amp. Plate Current
(M24)

Speech Input Levels

TABLE II

TYPICAL METER READINGS

Meter
Scale No. 310A
220 volts
0=5 mae. 2-4 ma,
0-50 mAa. 7-13 ma.
0-2 ma. +4-1.,5 ma,
0-300 ma. 30-60 ma.
0-300 ma. 145-200 ma,
- 237-243 ma.
- 1250 £ 25
volts
- 0.4-1.1
amp.
- l.21-1.27
amp.
0"1 m. 0.2"0.4 ma.
0~-5 ma. 2-4 ma,
0-5 ma. 35-50 ma.
{DM?
ool

No. 310B
220 volts
2-4 ma.

7-13 mR.
.4"1 05 ma,
30-60 ma.
145-200 ma,
580-620 ma.

100 watts

for

1250 £ 25
volts

0.4"1- 1

ampe
1.9-2.1 amp.
1.21-1 027 amp.
for 100 watts
0.4-C.6 mAa.

2-4 ma.

35-50 ma.

The following speech input power levels at terminals 7 and 8 are
required for complete modulation of the carrier.

310A - 100 Watts
310B ~ 250 Watts

Single Tone Level
Program Level

No.

No. 310B - 100 Watts No.
-6 db* -1 db
-12 dv -7 db

*72ero Level reference is 6 milliwatts.



Filament Voltages

The following ac filement voltages should be measured with an
external ac voltmeter having a range of O - 7.5 - 15 volts. The
filaments should be energized and connections of the meter to the
terminals indicated below should be made with llo, 14 B&S gauge wire in
order to minimize the potential drop when low values of voltage are
measured.

No. 702A 9Oscillator

(Terms. No. 4 & 9 on Osc. Term, Strip) 2 volts t 5%
Modulating Amplifier Unit

(Terms No. 1 and 2) 1.6 7 TS
3rd Amplifier

(Fil. Terms. on V4A & V5A) 10 - 15%
4th Amplifier

(Fil. Terms. on V6A to V1lA) 10 -
Feedback Rect. V12A

(Perms. No. 16 & 17 on A.F. Amp. Unit) 2 LW
lst A.F. Amp. V13A

(Terms. No. 3 & 4 on A.F. Amp. Unit) 10 LSk
2nd A.F. Amp. V14A

(Terms. No. 5 & 6 on A.F. Amp. Unit) 5 -
Plate Voltage Rect.

(¥il. Terms. on V15A & V16A) 2.5 v 58

Oscillator Heater Voltage
(Terms. 1 &6 on Osc. Term. Strir) 110 " 56




Grid Bias Voltages

The following values of grid bias voltages are obtained by
using an external dc voltmeter having a range of 0-150 volts, 1000 ohms
per volt. Connect the negative terminal of the meter to ground and the
positive terminal to the circuit as indicated. Whenever a connection
of the meter is made, the plate voltage should be removed by operating
the "High Voltage™ switch (D5A) to the "Off" position. The bias
voltages should bte measured with normal output of the transmitter.

Modulating Amp. Unit
(Between Ground Term. & Slider of R48A) 52 £+ 2 volts

Modulating Amp. Unit
(Across R48A) 70 £ 4 volts

3rd Amplifier
(Center Tap of R18A) 110 + 5 volts

4th Amplifier
(Center Tap of R22A) 110 £ 5 volts

Should any of the bias voltages be incorrect when the plate
currents are corTect, check the values of the resistances and make the
necessary ad justments. The values of the resistances are:

Apparatus Rgsistance
Designation (Ohms)
* R26A (Total) 480 £ 20
* R26A (Fixed end to tap 16 + 2
Noe. l)
* R26A (Fixed end to tap 180 t+ 20
No. 2)
* R43A 500 * 10
R4BA (Total) 1000 £ 100
R48A (Gr. to Tap) 700 £ 1¢

*To measure these resistors first remove both wires from
second slider from left hand end of R49.1 being careful
not to leave the wires connected together.




Plate Voltages

The following dc voltages should be measured with an external
dec voltmeter having a range of 0-1500 volts and a resistance of 1000 ohms
per volt. At each measurement the "High Voltage™ switch (DSA) shall be
"Off" whenever the meter is either connected or disconnected, and ™"On"
when the observation is made. The negative terminal of the meter shall
be grounded and the positive terminal shall be connected as indicated. e

l:'ﬂ’4'

Oscillator AT

(Term. 2 on Osc. Term. Strip) 250 £ 2 volts ”ﬂ‘,;&rf"
1st R.F. Amplifier

(Term. No. 10 on Mod. Amp. Unit) 475 £ 50 = Y791
3rd Amplifier 75k

(Term. on DEA) 1150 + 100 » Y677
Audio Amplifier

(Term. No. 8) 475 £50 ~ P2 AP
2nd R.F. Amplifier

(Term. R15A) 575 £ 25 " h9:3 fne
4th Amplifier b

(Term. No. 2 on L29A) 1360 £ 10 "v AL

Should the voltages be less or more than those indicated the
siiders on the plate voltage resistances R49.1A, R49.3A, R49.5A, and
R49.6A for the oscillator, second R.F. Amp., 3rd R.F. Amp., and 4th
R.F. Amp. plate voltages, respectively, should be adjusted until the
proper voltages are obtained.




TABLE III

Recommended
SPARE PARTS
FOR

WESTERN ELECTRIC
NO. 23A RADIO TRANSMITTER

The following parts are recommended as a complement of
spare equipment which may be purchased at the customer's option.
Spare electrolytic condensers are not recommended since the shelf
life may be less than the service life. These condensers should
be purchased only when replacements are necessary.

General List of Svare Parts

2

W.E. No. 23CA Condensers, 0.4 mfd.

1 - Ward Leonard 3-1/2" Type "B" Resistance with
No. 206 Terminals, 6000 ohms t 10%

2 - Ward Leonard 2" Type "O" Resistances with
No. 206 Terminals, 20 ohms t 10% with center
tap

1l - Ward Leonard Ring Potentiometer, 5000 ohms,
50 Watt rating, 2-1/4" D per Bulletin No. 1196

2 - Ward Leonard 2" Type "O" Resistances with
No. 206 Terminals, 10,000 ohms t 10%

1l - Ward Leonard 2" Type "O" Resistance with
No. 206 Terminals, 4000 ohms t 10%

2 - Ward Leonard 20 Watt Plaque Resistances, 2000
ohms t 10%

2 - Ward Leonard 20 Watt Plaque Resistances, 400
ohms t 10%

1 - Ward Leonard Two Deck Adjustant per K-40626,
400 ohms t 10%, 30 watt rating



i 15 .
Ward Leonard 8-1/2" Type "D" Resistance with No. 206 Terminals,
bare side for sliders, 500 ohms t 10%

Ward Leonard 6" Type "WX" Resistance with No. 206 Terminals,
1€ ohms t+ 1%

Ward Leonard 2" Type "A" Resistance with No. 206 Terminals,
1250 ohms t 10%, bare side for sliders

Ward Leonard 2" Type "0" Resistances with No. 206 Terminals,
3000 ohms t 10%

Ward Leonard 2" Type "O" Resistance with No. 2C€ Terminals,
750 ohms 1t 10%

Ward Leonard 6-1/2" Type "B" Resistance with No. 206 Terminals,
700 ohms t 2%, bare side for slider

Ward Leonard 8-1/2" Type "D" Resistance, with No. 20% Terminals,
set in 1/2" from end, 1300 ohms t 10%

Ward Leonard 8-1/2" Type "D" Resistance with No. 205 Terminals,
set in 1/2" from end, 675 ohms + 10%, bare side for slider

Ward Leonard 8-1/2" Type "D" Resistance with No. 205 Terminals,
set in 1/2" from end, 240 ohms t 19%, bare side for slider

International Resistances, 300 ohms, 1 watt
Internationai Resistance, 20,000 ohms, 0.5 watt
International Resistance, 0.5 megohm, 0.5 watt
International Resistance, 0.25 megohms, 0.5 watt

Ward Leonard Resistance, Cat. No. 507-213, 40000 ohms,
10 watts , ¥

W.E. No. 38F Resistance, 20,000 ohms t 5%
W.E. No. 38W Resistance, 100,000 ohms t 4%
Cornell-Dubilier PC-547 Filter Condenser, 25 mfd.,

Masnufacture Rating 1500 volts d-c., Operating
Voltage 1360 volte d-c.



R.C.A, 837 Vacuum Tubes

W.E. No, 242C Vacuum Tubes
WeE. No. 244A Vacuum Tubes
W.E. No. 262‘A Vacuum Tubes
WeE. No., 271A Vacuum Tubes
W.E. No. 249B Vacuum Tubes

W.E. Noe. 247A Vacuum Tubes
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Desig, No,

ClAa
caa
C3A

C4A)
C5A)

C6A)
C74)
CBA)

C9A
Cloa

Clla)
Cl2a
C1l3A

Cl4A

ClS5A)
Cl74)

APPARATUS LIST
FOR THE
NO, 23A RADIO TRANSMITTER

Apparatus
CONDENSERS

Western Electric No. 289A, 7 mfd. Filter Condenser,
Manufacturer's Rating 500 volts d-c., Max, Operating
Voltage 250 volts d-c,

Cornell-Dubilier 0,01 mfd, Mica Condenser, Manu-~
facturer's Rating 1200 volts d-c,, lMax, Operating
Voltage 25 volts d-c, Cat, No, 4-21010,

Cornell-~Dubilier 0,01 mfd, Mica Condenser, Manu-~
facturer's Rating 1200 volts d-c,, Max, Operating
Voltage 500 volts d-c, Cat, No, 4&21010.

Cardwell Variable Alr Condensers, Type XR480FD,
Min, each 21 mmfd., llax, each 480 mmfd, Max,
Operating Voltage 600 volts peak,

Cornell-Dubilier 0,01 mfd., Mica Condenser, lManu-
facturer's Rating 1200 volts d-c,.,, Max, Operating
Voltage 500 volts d-c, Cat, No, 4-21010,

Cornell-Dubilier 0,003 mfd, Mioca Condenser, Manu-
facturer's Rating 1200 volts d-c,, Max, Opersating
Voltage 500 volts d-oc, Cat, No., 4-22030,

Cornell-Dubilier PC-547 Filter Condenser, 25 mfd,
Manufaoturer's Rating 1500 volts d-c., Max. Oper-
ating Voltage 1360 volts d-o,

Cardwell Variable Alr Condensers, Type XR250FS,
Min, 15 mmfd,, iax, 250 mmfd, Max, Operating
Voltage 500 volts peak,

Western Blectric No. 287A Paper Condenser,
4 wfd.,, Manufacturer's Rating 200 volts d-c,,
Max, Operating Voltage 90 volts d-c,

Cornell-Dubilier 0,01 mfd, Mica Condenser, lanu-
facturer's Rating 1200 volts d-c, Max., Operating
Voltage 125 volts d-c, Cat, No, 4-21010,

7/23/36
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Desig. No.

C18A)
Cl9A)

C20A)
C21A)

C20.1A)
C21.1A)

ca23a

C24A

C25.14)
C25.2A)

Cc26A)
C27A)

C28A

C29A

C30A }
C31A)

Apparatus

Cardwell Variable Air Condensers Type XC18XD
with insulating coupling, each Min. $ mmfd.,
Max. 18.0 mmfd. Max. Operating Voltage 2000
volts peak, minimum spacing 0.1875 inch between
rotor and stator.

Cardwell Variable Air Condensers, Type XT440PS
Min. each 42 mmfd., Max. each 440 mmfd., Max.
Operating Voltage 1000 volts d-c.

Cornell Dubilier Condensers, Cat. #9-210l1,
.01 mrd.

Western Eleotric No. 266A Paper Condenser,
5 mfd. Menufacturer’s Rating 400 volts d.c.
Max. Operating Voltage 125 volts d.c.

Cardwell Variable Air Condenser, Type XT250KS
Min. 15 mmfd., and a max. 250 smfd. with a
spacing between rotor and stator of 0.07".
Max. Operating Voltage 1000 volts d.c.

Cornell-Dubilier 0.05 mfd. Hdoca Condensers,
Manufaoturer®'s Rating 600 volts d-c. Max.
Operating Voltage 15 volts peak. Cat. No.
9-11050.

Cardwell Variable Air Condensers Type x265Xs
each Min. 18 mmfd. Max. 65 mmfd. Max. Operating
Voltage 2500 volts peak. Minimum spacing 0.1875
inch between rotor and stator.

VVestern Electric No. 293A Paper Condenser,
16 mfd. Manufacturer's Rating 400 V. d-c.
Max. Operating Voltage 125 V. d-c.

Cornell-Dubilier 1000 mfd. Low Voltage Dry
Electrolytic Condenser, Manufacturer's Rating
30 volts d-c., Max. Operating Voltage 20 volts
peak, Cat. No. EVL-3010.

Western Electric No. 320A i{ica Condensers,
0.0006 mfd. for Frequencies from 550 to 910
kec., Current rating 2.5 amperes at 550 kec.
Western Electric No. 320E Mica Condensers,
0.0002 mfd. for Frequencies from 920 to 1500
kec. Current Rating 2.3 amperes at 1330 kc.,
Manufacturer's Rating 2500 volts d-o0., Max.

Operating Voltage 1250 volts d- e

1/5/3%
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Desig. No.
C32A

C33A

C34A

C35A)
C364)

C37A

Cc3gA

C39A

C40A

c4la

*Not interchangeable.

Apparatus

Cardwell Variable Air Condenser, KS-7710, Min.
41 mmfd., Max. 330 mmfd. Max. Operating Volt-
age 2000 volts peak r.f.

Western Electric No. 320F Mica Condenser, 0.2
mfd. Msnufacturer's Rating 250 volts d-c.,

Max. Operating Voltage 100 volts peak. Current
Rating 2 amp. at 550 kc.

Hammarlund Variable Air Condenser. For trans-
mitters prior to Serial #125 Type LiC-250M,
Min. 10 mmf. Max. 260 mmf. For transmitters
ggr%g} ilae and higher Type MC-50-S. Max.

Western Electric Mica Condensers, Menufacturer's
Rating 2500 volts d-c., Max. Operating Voltage
2500 volts peak r.f.

No. 320A Condenser 0.0006 mfd., 2.4 amp.
(550 ke to 770 kc)

No. 3208 Condenser 0.0005 mfd., 2.4 amp.
(780 ke to 990 ko)

No. 320C Condenser 0.0004 mfd., 2.4 amp.
(1000 ke to 1300 kc)

No. 320D Condenser 0.0003 mfd., 2.3 emp.
(1310 kc to 1500 kc)

Cornell-Dubilier 0.00005 mfd. Mica Condenser,
Manufacturer's Rating 600 volts d-c., Max. Oper-
ating Voltage 5 volts. Cat. No. 4-14050.

Cornell-Dubilier 0.002 mfd. Mica Cendenser,
Manufaocturer®s Rating 600 volts d-c., Max,

Operating Voltage 25 volts peak. Cat. No.

4-.12020.

Western Electric No. 230A, Paper Condenser,
0.4 mfd. Manufacturer's Rating 400 volts d-c.,
Max. Operating Voltage 20 volts d-c.

Cornell-Dubilier 0.0005 mfd. Mica Condenser,
Manufaoturer's Rating 600 volts. Max. Oper-
ating Voltage 5 volts peak. Cat. No. 4-13050.

Western Electric No. 226A Paper Condenser
1 mfd., Manufacturer's Rating 1000 volts d-c.,
Max. Operating Voltage 500 volts d-c.
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Desig, No,
C42A

C43A

C44A

C45A

C46A

C47A

C48A

C49A

CS0A
C51A

CS2A
CS3A

DlA

Apparatus

‘Nestern Blectric No, 230A Faper Condenser,
0.4 mfd,, Manufacturer's Rating 400 volts d-c,,
Max., Operatl ng Voltage 200 volts d-c,

destern Electric No. 288A Paper Condenser,
2 mfd, Manufacturer's Rating 1000 volts d-c,,
Max, Operating Voltage 500 volts d-c,

Western Electric No, 295A Paper Condenser,
5.0 mfd. Manufaocturer's Rating 1500 volts d-c.,
l’ax, Operating Voltage 500 volts d-c,

destern Electric No, 226A Paper Condenser,
1l mfd, Manufacturer's Rating 1000 volts d-c,,
Max, Operating Voltage 500 volts d-c,

Western Blectric No., 295A Paper Condenser,
5 mfd, Manufacturer®'s Rating 1500 volts d-c,.,
Max, Operating Voltage 1000 volts d-o,

Western Electric No, 293A Filter Condenser,
16 mfd,, Manufacturer's Rating 400 volts d-c,,
Max, Operating Voltage 125 volts d-c,

Cornell-Dubilier 0,004 mfd, Mica Condenser,
Manufecturer's Rating 600 volts d-c,, Max,
Operating Voltage 10 volts d-c, Cat, No.
4-12040,

Cornell-Dubilier 0,03 mrfd, Mica Condenser,
Manufacturer's Rating 600 volts d-c,, Max,
Operating Voltage 30 volts d-oc, Cat, No,
9-11030,

Cornell-=Dubilier PC-547 Filter Condeasers,
25 mfd, Manufacturer's Rating 1500 volts d-c,,
Max, Operating Voltage 1360 volts d-c,

Western Electric 295A,5 m.f,, Manufacturer's
Rating 1500 volts d-c,, Maximum Operating
Voltage 1000 volts d-o,

SWITCHES

BaH Toggle Switch, Double Pole, 3 amp,,
250 volts,

7/23/3%
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Desig, No,
D3A

D5A
D6A
D7A

pea )
D10A)
Dl1lA
Dl2a

BlA

Fl.1A)
F1.24)

F2A
F3.1A)*

F3.2A)
F3.3A)

Apparatus

Nofuze Circuit Breaker, Two Fole, 15 amp,,
230 volts,

HXH Heater Switch, Four Circuits, 1, 1 end 2,
l, 2 and 3, and off, 25 amp. 250 volts, Flush
Type 21034, Non-reciprocating,

BEXH Tumbler Switch, Double Pole, Cat, No,
21598-A, 3 emp., 250 volts,

B&H Door Switch, Cat, No, 3592, 3 amperes,
250 volts,

Westinghouse Meter Switch, Cat, No. SO19N551
having 8 Two Wire Circuits,
Link Switches Insulated for 1500 volts d-c,

Link Switch Insulated for 500 volts,
BXH Tumbler Switch, Double Fole, Cat, No,
21598<A, 3 amp., 250 volts,

LIGHTS #

G.E, Co, Type 4, 18 volts, 2 watt lamps,

FUSES

D&W Cartridge Type Enclosed Fuses, 5 amp.,
250 volts, Cat. No, 1456.

Western Union Telegraph Fuse, 2 amp,, 2500
volts, Cat, No, 2760,

D&W Cartridge Type Enclosed Fuses, 2 amp,,
250 volts, Cat. No, 91002,

*No longer used.
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Desig. No.

L1A
L2A
L3A

L4A,L5A)
L A,L7A)

1BA

L9.1A,L9.2A )
L10,14,L10,2A)

L1lA
L12A )
L13,1A,L13,2A)
L14,1A,L14,2A)
L15,1A,L15.,24)
116,14,L16,2A
117.1A,L17,2A
L18,1A)
L18,2A)

L19A)
L20A)

L21A

L22A
L23A
L24A

Apparatus

INDUCTANCES
Western Electric No, 148F Retardation Coil,
Western Electric No, D-98171 Retardation Coil,
Western Electric Detail 1, per ES0-609199
for 500 to 990 kc,
wWestern Electric Detail 2, per ES0-609199
for 1000 to 1500 ko,

Western Electric No, D-98171 Retardation
Colls,

Western Electric Coil Detail 2, per ¥30-609481

Western Electric No, D-98171 Retardation
001130

Western Electric Coil Detail 1, per ES0-609481

wWestern Electric No, D-98171 Retardation
Coils.

Western Electric No. 198A Retardation Coils,

Western Electric No, D-99272 Output Coil,
Western Electric Coil Detail 1 per ES0-607518,

iWestern Electric No. 190A Retardation Coils,

Western Electric No, D-99274 Harmonic Sup=-
pression Coil for 550 to 990 ko,

Western Electric No, D-99273 Hermonic Sup-
pression Coil for 1000 ke to 1500 ke,

4 n Electric Coil Detail 4 per ES0-6Q751
fgg}gﬁed %rom %rans tters after Serial %125
Weatern Electric No, 200C Retardation Coil

Western Electric No, 199D Retardation Coil

1/5/37
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Desig. No.
L26A

L28A)
L29A)

L30.1A)
L30.2A)

3

B

NOTR:

Apparatus
Western Electric No. 196A Retardation Coil.

Western Zlectric No. 222A Retardation Coils.
Bach 4 henries, 21 ohms.

Same as L15.1A

METERS

Weston Model 734 A.C. Voltmeter, scale 0-300
volts.

Weston Model 731 D.C. Milliammeter, scale
calibrated with shunts for 1, 2, 5, 50 and
300 ma.

Weston Model 731 D.C. Ammeter, scale 0-1
ampere.,

Weston Model 731 D.C. Voltmeter, scale 0-1500
volts + 2% furnished external multiplier.

Yleston Model 733 Thermoammeter with external
thermocouple, scale 0-1.5 amperes.

Weston Model 733 Theruoammeter with external
thermocouple. Scale 0-3 amperes for 250 watt
operation. Scale 0-2 smperes for 100 watt
operation.

Renge to be specified at time of installation.

All above meters shall be calibrated to operate
at 130°F. Also, all meters shall have a ground
terminal which connects all internal meter parts.
All meters shall be furnished with screw type
terminals.

CRYSTAL OSCILLATOR

issue

QlA Western Eleotric No. 702A Oscillator.
RESISTANCES
R1A)} Ward-Leonard 3 1/2" Type B Resistance, 130 ohms
R2A) + 5% with No. 206 Terminals.
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IssuE

Desig. No, Apparatus
R3A Ward-Leonard 3-1/2" Type "B" Resistance, 6000
ohms + 104 with No. 206 Terminals,
R4A Weston Meter Shunt for Model 731 Meter S msa,
range,
RSA Western Eleotric Type 38D Resistance, 50,000
ohms t+ 2%,
R6A Ward-Leonard 2" Type "O" Resistance, 2,000 ohmsa
+ 10% with No., 206 Terminals,
R7A Ward-Leonard 2" Type "O" Resistance, 4,000 ohms
t 104 with No., 206 Terminals,
RBA Ward=Leonard Ring Type Potentiometer, 5,000 ohms,
50 watt rating, 2-1/4" D per Bulletin No. 1106,
R9A Ward-Leonard 2" Type "O" Resistance, 10,000 ohms
t 104 with No, 206 Terminals,
R10A Weston Meter Shunt for Model 731 Meter S50 ma,
range.
R11A) Western Blectric No. 38AA Resistances, 10,000
R12A) omms + 4%.
R13A Neston Meter Shunt for Model 731 Meter, 2 ma,
range,
R14A Ward-Leonard 2" Type "O" Resistance, 10,000
ohms t 104 with No. 206 Terminals,
R1SA Weston Meter Shunt for Model 731 Meter, 300 ma,
range.
R16A) ¥ard-Leonard 20 #datt Plaque Type Resistances,
R17A) each 2,000 ohms t+ 10%
R18A ¥ard-Leonard 2" Type "O" Resistance with No,
206 Terminals, 20 ohms + 104 with center tap.
R19A Weston Meter Shunt for Model 731 Meter 300 ma,
range T
< T!%D e
R20,1A) Ward-Lesonard Two Deck AdJjustats per K-40626, (%V‘
R20,2A) each 400 ohms + 10%, 30 watts, :
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ISSUE 1

Desig, No, Apparatus

R21.14) Jard-Leonard 20 «#att Plaque Type Resistances,

R21.2A) each 400 ohms t 10%,

R22a #ard-Leonard 2" Type "O" Resistance, with No,
206 Terminals, 20 ohms + 10% with center tap

R23,1A,R23,.24)

R24,1A,R24.2A) 1International Resistances, 300 ohms, 1 watt

R25,1A,R25,24)

R26A ward-Leonard 8-1/2" Type "D" Resistance, with
No. 206 Terminals and three No. 603 slider
bends 500 ohms t 10%., (Bare side for slider)

R27.1A) Obmspun Units, 130 ohms t+ 5% each, capable of

R27.,24) dissipating 190 1Etts each,

R28A western Zleotric No., 38D Resistance, 50,000
ohms t+ 2%.

R29A Western Electric No, 38E Resistance, 20,000
ohms t 5%, -

R30A deston Meter Shunt for Model 731 Meter, 1 ma,
Range,

R32A International Resistance, 20,000 ohms, 0,5
watt,

R33A International Resistance, 0.5 megohm, 0,5
watt,

R34A Jeston Meter Shunt for Model 731 Meter
S ma, range.

R35A wWard-Leonard 2" Type "O" Resistance, 3000
ohms + 10% with No. 206 Terminals,

R36A Western Electric No. 38AB Resistence,

30,000 ohms t+ 2%,
R37A #estern Electric No., 38W Resistance,
100,000 ohms t+ 4%.
R38BA International Resistence, 0,25 megohm,
0.5 watt,
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R39A Weaston Meter Shunt for Model 731 Meter,
50 ma, range.
R40A Ward-Leonard 2" Type "O" Resistance, 750 ohms
+ 103 with No. 206 Terminals.
R41A Ward-Leonard 2" Type "0" Resistance, 3000
ohms t 10% with No. 206 Terminals.
R42A Ward-lLeonard Resistance Cat. #507=412, 10,000
ohms, 10 watts.,
R43A Ward-Leonard 6-1/2" Type "B" Resistance with
one No. 603 slider band, Total 700 ohms it 2%,
(Bare side for slider).
R44A Weston Voltmeter Multiplier Type 5 No. 3
for M4A.
R46A Ward-Leonard 6" Type ™/X" Resistance with
No. 205 Terminals, 16 ohms % 10%.
R48A Ward-Leonard Type "A" 2" Reslstance with
No. 206 Terminals 1250 olms t 10% bare side
for 2 sliders.
R49.1A) Ward-Leonard 8-1/2" Type "D" Resistances
R49.2A) with No. 205 Terminals and in a No. 703
Mounting, terminals set in 1/2" from end,
1300 ohms t+ 10%. (Bare side for two
No. 603 sliders on R49.1A resistance)
R49.34) Ward-Leonard 8-1/2" Type "D" Resistances with
R49.4A) No. 205 Terminals and in a No. 703 Mounting,
terminals set in 1/2" from end, 675 ohms %
10¥% (Bare side for a No. 603 slider on R49.3A
resistance).
R49.5A) Ward-Leonard 8-1/2" Type "D" Resistances with
R49.6A) No. 205 Terminals and in a No. 703 Mounting,
terminalas set in 1/2" from end, 240 ohms 3 10%
(Bare side for a No. 603 slider on both re-
sistances).
R50.1A)
R50.24) Same as R23.1A
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Sla

S2A

TClA
TC2A

T1A
T3A

T4A
TOA
T7A
T8A
T9A

V1)
vai)
V3A)

V4i, V5A )
VeA, V7A-)
VeA; VOA-)
V104,V114)

V12A—
V13-

V14A—

V1SA
V16A

Apparatus
RELAYS

Signal Engineering Relay Double Pole Type F%?
for 220 volts a-c.

Signal Engineering Relay KS-5483 Double Pole
Type C7 for 110 volts d-c.

THERMOCOUPLES
Therﬁooouple for Meter MEA Range 0-3 amperes.
Thermocouple for Meter MSA Renge O-1.5 amperes.

TRANSFONMERS
Western £lectric No. 352E Transformer.

General Radio Type 80 S-2 Variac - Primary Volt-
age 200-240 volts, secondary 220 volts, 10 amps.

Western Electric No. 353A Transformer.
Western Electric No. 352F Transformer.
Western Electric No. 354A Trensformer.
Western Eleotric No. D-98771 Input Transformer.

Western Zleotric ilo. 105B Repeating Coil.

VACUUY TUBIS

RCA 837 Vacuum Tubes.

Western Electric No. 242B Vacuum Tubes. ¢

Vlestern Electric No. 244A Vacuum Tube. ¥
Western Electric No. 262A Vacuum Tube. v

Wlestern Electric iNo. 271A Vacuum Tube. ¥

{festern Electric No. 249B Vacuum Tubes. ./
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