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INTRODUCTION

The 106-A Radio Telephone Broadeasting Equipment comprises all ap-
paratus necessary for a broadcasting station having a power output of one
kilowatt with the exception of the antenna and ground systems. 11 conditions
necessitate placing the transmitter more than one thousand feet from the studio
additional speech input equipment will be required.  Under such circumstances
a 3-A Speech Input Equipment should be used at the radio station, the 1-I5
Speech lnput liquipment being installed at the studio and the two equipments
connected by telephone line.

The apparatus comprising the 106-A Radio Telephone Broadceasting Equip-
ment is grouped with reference to function, into three classes of equipment
which serve the general purposes outlined below.

1. The 6-A Radio Transmitter (pages O8 to 74) in conjunction with the
motor generators and control circuits operates to deliver to the antenna circuit
one kilowatt of unmodulated energy at any desired frequency between 300 and
1500 kilocyeles per second.

2. The 1-E Speech Equipment (page 89) serves to convert sound energy
in the studio into electrical energy and to amplify and control it so as to modu-
late the output of the radio transmitter in accordance therewith.

3. The 6204-D Radio Receiving Outht (pages 121, 129 and 133) furnishes
the means when required of listening for distress or other signals while the
station is operating.

In the pages which follow suggestions and directions for adjusting and
operating the 106-A cquipment are presented for the guidance of the purchaser.
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PRIZEFACT

This Instruction Bulletin has been prepared to enable the operator of the
106-A Radio Telephone Broadcasting Equipment to familiarize himself with
the component parts of the apparatus and also to furnish him with sufhcient
mformation for the successful operation and care of the cquipment.

Ordermg mformation is supplied in the back of the bulletin to facilitate
accurate reference to various parts of the equipment, through apparatus desig-
nations, when corresponding with the Grayvbar Electric Company (in the U.
S. AL), the Northern Electric Company, Limited (in Canada), or the Inter-
national Standard Electric Corporation (in other foreign countries).
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CHAPTER 1

6-A RADIO TRANSMITTER

A. GENERAL DIESCRIPTION

The 6-A Radio Transmitter (pages 68 to 74) is designed for broad-
casting service and is rated at 1 kilowatt, which means that the power delivered
to the antenna when not modulating 1s 1 kilowatt.  Special attention has been
given to the design of the audio frequency circuits so that the transmission
of frequencies between 30 cycles and 7000 cycles js practicaily the same.

The vacuum tubes employed are one 211:D, two 212-D, one 228-\ and
one 205-D Vacuum Tubes.

The 211-D Tube is used as a “Speech” Amplifier” and one 212-D Tube is
used as a “Modulator”, both of these tubes acting as audio frequency amplifiers.

The other 212-D Tube is used as an “Oscillator”, the output of this oscil-
lator being modulated by the audio frequency output from the modulator.

The 228-A Vacuum Tube is used as a “Power Amplifier”. The grid ot
this tube is driven by the output of the oscillator tube and delivers its power to
a tuned output circuit.

The antenna is capacitatively coupled to the output circuit and in this way
derives its power indirectly from the power amplifier.  This coupling is such
that the radiation of harmonics of the radio frequency from the antenna circuit
is effectively suppressed.

The 228-A Vacuum Tube is of the water-cooled anode type, while all of
the others are radiation cooled.

The 205-D Vacuum Tube is used as a rectifier. [t is coupled to the antenna
circuit to such a degree that the audio frequency output from it may be used
to operate a loud speaker for the purpose of observing the quality of trans-
mission from the broadcasting station.

The power for operating the 6-A Radio Transmitter is derived from two
motor-generator sets.  One set KS-5054 (page 79) is composed of a motor
driving the 2000-volt generators. The two generators are connected in series
and supply power at 4000 volts to the 228-A \acuum Tube and power at 2000
volts, which is reduced to 1500 volts, for the two 212-I Tube. The other
motor-generator set KS-5055 (page 80) is composed of a motor driving one
250-volt generator and one 24 volt generator.  The 24-volt generator furnishes
power for the filament circuits of all the vacuum tubes.  The 250-volt gener-
ator supplies the constant negative voltage for the vacuum tube grids as well
as the field excitation for the 2000-volt generators and power for some control
circuits.



Installed near these motor-generator sets are the necessary switches, fuses
and motor starters for remote control and also the filter coil and condensers
for smoothing the output of the 24-volt generator. The motor-generator sets
are controlled from push-button switches mounted on the radio transmitter.

B. TRANSMITTLER CIRCUITS

A schematic circuit of the radio transmitter is shown on pages 76, 77
and 78 (See also page 67). The operation of the various parts of the circuit
is as follows:

1. Oscillator

The oscillator tube is indicated as V'3 Its plate circuit derives its power
from the 2000-volt generator (page 67) which is connected to Terminals 16
and 28. This voltage is reduced to the proper value by the series resistance
Ry and the current is supplied to the plate through the modulating choke coils
.o, meter M7 and the high frequency choke coils 1.5 and .44,

Plate current supplied to the oscillator tube is indicated by Mz, the meter
on the panel marked “Oscillator Plate Current”. The frequency at which the
oscillator operates is deternined by the circuit composed of the inductance g
and the condensers Cy and Cy. The frequency is varied entirely by the adjust-
ment of Lg. lLarge changes in L are made by means of a tap on the col
which is accessible from the rear of the transmitter. (l. is the coil to the
right looking into the rear.) Small changes are made by means of a slider,
which covers three turns at one end of the coil and is controlled from the front
panel by the handwheel marked “Frequency.” Turns are added by turning
the indicator from 0 to 3.

The oscillatory circuit derives its power from the plate circuit of \y,
through condenser C., and the grid excitation for \"y is obtained from the os-
cillatory circuit through condenser Cy.  The direct current flowing in the grid
circuit is indicated by meter Mg, which is marked “Oscillator Grid Current”
on the front panel. The resistance Rz, which is bridged across a portion
(Cy.1) of the oscillatory circuit, acts as a load on the oscillator and serves as a
potentiometer for applying the proper input voltage to the power amplifier. The
-adio frequency current Howing through Ry7 i1s indicated by My, which s
marked “Oscillator Load Current” on the front panel.

2. Modulator and Speech Amplifier

The audio frequency input to the transmitter passes through the resistance
network Ry and transformer Ty, Tt is amplified by the speech amplifier \'y
and the modulator Vo, The audio frequency output voltage of Vo is developed
across the choke coils Lo, through which the plate power for both modulator
and oscillatof is obtained, and is thus impressed on the oscillator \73. modulat-
ing its radio frequency output.
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Plate current for \'y passes through Ry and is indicated by Mj, marked
on the panel “Speech Ampl. Plate Current.” The plate current of Vo is indi-
cated by My marked on the panel "Modulator Plate Current.”

My, indicates the direct current Howing in the grid circuit of V.. [t is
marked “Modulator Grid Current” on the panel. This meter is provided to
serve as an indication of overload at the input of the modulator. The mput
to the transmitter should be kept low enough to prevent frequent indications
on this meter as will be explained later.

The necessary constant negative grid voltage required for the operation
of V' and V'y is obtained from a potentiometer Ry connected across the 250-
volt generator. Noise from this source is prevented by the hlter, consisting of
the choke coil L., ¢, and condenser Cy 4.

The four taps on the potentiometer Ry are provided so that a slightly dif-
ferent negative grid voltage may be supplied when modulator tubes having
different plate-filament impedances are used.  The 212-D Tubes are divided
mto four classes numbered from 1 to 4 depending on the plate-filament -
pedance classification into which they fall. This classification of tubes is not
in any way a graduation of quality and no one of these classes has advantages
over another. The tapped portion of Ry is accessible from the rear of the
transmitter and is marked “Modulator Tube”.

The flexible lead should be connected to the terminal number corresponding
to the number indicating the inpedance classification of the modulator tube.

3. Power Amplifier

The power amplifier tube \7y derives its plate current from the 4000-volt
Terminals 16 and 27, through the low frequency choke coil Ly, and the high
frequency choke coil 1.qy. The current is indicated by M., which is marked
on the front panel “Power Amplifier Plate Current.”

The switch Dy is provided in the filament circuit \'y for the purpose of
reversing the direction of current through the fAlament at intervals of either
one day or one month. By operating in this way the increased current flow-
mg in the filament due to plate current 1s not always at the same end of the
hlament and an increase in Alament life is obtained.

The constant negative grid voltage is applied to this tube from the 250-
volt generator through the high frequency choke coils L.y, Noise from this
source 1s prevented by the flter, consisting of coil 1.5 and condenser Cyy.

The direct current flowing in the grid circuit is indicated by M., which on
the front panel is marked “Power Ampl. Grid Current’.

The radio frequency voltage for grid excitation is obtained through con-
denser C; from a tap on Ry7. These taps are accessible from the rear of the
transmitter. They are numbered from 1 to 12 on transmitters bearing serial
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numbers up to and including #1144, On subsequent sets the potentiometer has
been modified to include 25 taps, the lower numbers indicating  the lower input
voltages.

The tuned output circuit called the closed circuit consists of inductance
.y and condensers C; and Cyq is the “Coupling Condenser”, the reactance
of which is used for coupling the closed circuit to the antenna circuit.  Its
capacity 1s large compared with C; so that tuning is mainly accomplished
through varymg L and C;. Particular vatues of L and Cy; are used in order
that the vacuum tube V', may work into the proper load impedance.  The
selection of these values is explained later. Changes in Cy, which is mounted
across the rear of the transmitter just above Ryz, are made by means of links
which connect different condensers into  the circuit. Large changes in g,
which is the coil mounted to the left looking into the rear of the transmitter,
arc made by means of taps accessible from the rear.  Small changes are made
by means of a slider on the coil, which covers three turns and is adjustable
from the front panel. The control wheel is marked “Closed Circuit Inductance™
and turning the indicator from O toward 3 increases the inductance.  The cur-
rent flowing in the closed circuit is indicated by My which s marked “Closea
Circuit Current” on the panel.

Power is obtained from the plate circuit of 7y, through the condenser Cg.
Cy 1s connected to L1 through the upper tap on L. This tap is placed as nearly
as possible on the same turn as the lower (tuning) tap. Changes from this
are explained later in instructions for tuning.

4, Antenna

The antenna circuit 1s coupled to the closed circuit through the capacity
Cq¢ which is common to both circuits. The circuit is tuned by means of the
mductance Lg, mounted in the top of the transmitter. large changes in in-
ductance are made by means of the tap which i1s connected to the antenna
insulator.  Small changes are made by means of a slider which covers threc
turns and is controlled from the front of the panel.  The control wheel i3
marked “Antenna Inductance” and turning the pointer from O to 3 increases

the inductance.

The current i the antenna circuit is indicated by My, which 1s the meter
marked “Antenna Current”. Adjustments of g are made to obtain the proper
degree of coupling as explained later. The condensers comprising Cyy are
mounted near the top of the transmitter along the left side looking into the
rear and changes in capacity are made by means of the links.

The radio transmitter was primarily designed to operate with a ground
connection or a grounded counterpoise, but an msulated counterpoise may be
used if necessary. A terminal for this connection is provided at the top and
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the required changes in connections are indicated on pages 67, 76, 77, and
78. The capacity of the counterpoise to the ground should be not less than
5000 mmf. in order to keep its voltage to ground below 1000. Engineering
recommendations should be obtained if the use of an insulated counterpoise is
thought desirable. See page 57.

5. Monitoring Rectifier
The Vacuum Tube Vi (205-D) is used as a rectifier for monitoring pur-
poses. [t is coupled to the antenna circuit by means Cqz, which 15 connected
across the coupling condenser Cyq, or, in certain cases described later, between
the counterpoise and ground.
through condenser Cs. Cy7 is near the top of the transmitter and to the left
looking into the rear. The input to the rectifier is decreased as the tap on
tond

The high frequency input to \'5 is taken from a tap on Cy; and 1s applied

Cy7 18 moved to the right when looking at the transmitter from the rear.

The output of the rectiher tube passes through transformer Ty, the wind-
g of relay Sy and thence to terminals 22 and 23 for connection to monitoring
circuits. Proper volume is obtained by adjustment of the tap on Cy7. Contacts
of relay Sy are arranged to close local signal light circuits through terminals
20 and 21 affording visual indication that the transmitter is in operation.

6. Power Supply Circuits

a.  Fiament Circuits.  Power for heating the filaments is supplied at ter-
minals 4 and 26. The fAlament voltage of the 228-\ Vacuum Tube is held
at 22 volts and is indicated by meter My marked “Filament Voltage™ on the
panel.  The flaments of all the other tubes are operated, with suitable series
resistances, in parallel with the Alament of the 228-A Tube.  The voltage is
adjusted by means of Ry, the field rheostat of the 24 volt generator. The hand-
wheel for controlling it is marked “24 Volt Generator™.

A hlter composed of one 125-\ Retard Coil (page 82) and two 100-\
Condensers is used to reduce the commutator ripple in the current which heats
the filaments of the vacuum tubes, thus reducing the noise in the carrier from
this source.

The 100-\ Condenser (page 81) is of the electrolvtic type.  This type
is used on account of the large capacity obtained in a relatively small space.

When properly installed this condenser should give no trouble and little
maintenance is required, however, due to lack of general familiarity with this
type of equipment the following rather lengthy and complete information is
oiven.

1. 100-A Condenser The 100-A Condenser is an electrolytic cell deriving
its high capacity from a thin film which is formed electrochemically on the



positive corrugated aluminum electrode.  This flm maintains itself when the
aluminum electrode is the anode in a suitable condenser fluid.  The electrostatic
capacity is obtained from the film which serves as a dielectric between the con-
ducting condenser Hluid on one side and the metal of the aluminum anode on
the other. The Hat negative electrode serves only as a means of passing current
mto and from the condenser fuid.

Each condenser consists of a glass jar filled to a specihed level with con-
denser fluid, in which are submerged two aluminum electrodes mounted rigidly
on a porcelain cover which insulates the electrodes and terminal posts from each
other. A layer of oil covers the condensers Huid to prevent evaporation.

These condensers must operate only on direct current circuits and within
their normal voltage range which is from 19 to 33 volts. They are designed
for operation on a 24 volt circuit.

The fluid used 1s non-combustible, non-poisonous and will not injure the
skin or clothing. It must not be contaminated by being placed in dirty con-
tainers or containers that have ever held storage battery electrolyte.  Condenser
fluid and aluminum of special purity are used and every effort is made to pre-
vent impuritics from getting mto the cell.  Organic impurities are especially
to be guarded against if the cell is to have long life. A touch of the finger
on one of the electrodes or a drop of prespiration in the fluid may introduce
organic matter suthcient to do harn.

High and low temperatures are not good for the condenser.  The condenser
fluid freezes at the same temperature as water, and even before freezing, crys-
tals may form to the detriment of the cell.  High operating temperatures shorten
the life of the condenser so that it is desirable to operate them in as cool a
place as possible. observing of course, the precaution referred to in regard to
low temperatures. It is safe to operate the condenser at temperatures up to
105° F, but the life of the fluid at this temperature is only about one-third as
long as the life to be obtained by operating at 75° 1<, Tt is advisable, therefore,
to install the condenser in a place where there is a free circulation of cool air
and the temperature may be maintained between 40° and 1057 F,

To maintain the dielectric film it is advisable to keep the condenser con-
nected constantly across its rated potential: but it must be connected across a
circuit of its rated potential for at least 1 hour each week to prevent danger
of failure. Tt should not be moved or jarred unnecessarily.  Tf not disturbed
and the temperature does not run above 1057 F or below 40° F no difficulties
should be encountered.

Complete and specific information for the installation of these condensers
is furnished with them and should be followed carefully when placing the con-
densers in service for the first time or when renewing the condenser fluid.
This information is summarized on page 44,
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2. 125-A Retard Coil The 125-A Retard Coil (page &2) is used in the
filament circuit of the vacuum tubes for the purpose of suppressing the ripples
in the D. C. supply. The coil has a laminated silicon steel core of the shell
type and cast iron end housings to protect the windings and also provide suitable
means for mounting.

The coil consists of two conductors wound along side of each other, the
flexible terminals of which are brought out through bushed holes in one of the
end plate housings.

As nstalled the coils are connected in parallel by strapping terminals 1 &
3 and 2 & 4, which are in turn connected in series in the positive side of the
hlament generator line.

b. Negative Grid Voltage A negative grid voltage of 250 is required
for the 228-A Vacuum Tube. Tt is obtained from the 250 volt generator
through terminals 2 and 23, This voltage is indicated by meter M., marked
“Grid Voltage' and 1s kept constant by feld rheostat Ry, the controlling hand-
wheel of which is marked 250 Volt Generator”.

The lower voltages required for the grids of the speech amplifier and
modulator tubes are taken from the potentiometer Ry, as previously mentioned.

¢. Plate Circuit Power for the plate circuit of the 228-A Vacuum Tube
is obtained from the 4000 volt terminals 16 and 27, and its voltage is indicated
by My; which is marked “Plate Voltage™ on the panel. Power for the plate
circuits of the other vacuum tubes is obtained from the 2000 volt terminals
16 and 28 The voltages of both 2000 volt generators are controlled simul-
taneously by means of rheostat Ruy. the handwheel of which is marked **4000-
Volt Generator™. Consequently, when M indicates 4000 volts, 2000 volts will
be obtained on terminals 16 and 28 and 4000 volts will be obtained on terminals
16 and 27. These generators obtain field excitation from the 250 volt gene-
ator through terminals 5 and 6.

7. Protection

a. Switches and Relays In order to protect the operator, switches are
provided which shut down the motor-generator sets whenever the rear door
is opened or whenever the door in front of the vacuum tubes is dropped.

For the protection of the vacuum tubes a number of relays are provided
and the circuits are interlocked as follows:

Relay S¢ is a time delay relay. It is mounted near the bottom of the panel
on the left-hand side and is marked <4000 V. Time Delay Relay”. This relay
is energized whenever the filament voltage is applied. Tts contacts are in series
with the operating coil of relay Sy which controls the field circuit of the high
voltage generators. An interval of 10 to 20 seconds is required for the time
delay relay to operate so that it is assured that the vacuum tubes will have had
this amount of time to become warmed up before the high voltage is applied.
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Relay S, is an overload relay mounted near the bottom of the panel on the
right-hand side and marked “Plate Overload Relay™ It i1s connected in the
negative lead of the high voltage generators so that excessive load in this cir-
cuit trips it open thereby deenergizing Sy which in turn opens the feld circuit
of the generators, removing the high voltage. [t is necessary to reset relay
S» by hand once the contacts have been tripped open.

The magnetic switches Sy and S5 are mounted at the rear of the trans-
mitter just above the fuse blocks. Sy is to the left and its contacts control the
field circuit of the high voltage generators. Sy is the one to the right and its
contacts control the field circuit of the 24-volt generator.  Both of these switches
obtain their operating currents from the 230-volt generator.  Consequently, if
the 250-volt generator is not supplying voltage to the radio transmitter, it would
be impossible to close them so the danger of applying plate voltage to the tubes
without having grid voltage is obviated.

It 1s necessary also to protect against applving power to the water-cooled
tube (228-A) without having cooling water circulating around the anode.  This
is accomplished by inserting in the control circuit of S5 a relay which, in some
transmitters is controlled by the pressure at the inlet of the cooling system, and
in other transmitters is controlled by the rate of flow of water in the system.

1T the water pressurce or rate of How varies abnormally due to obstruction
in the intake, discharge or other portion of the circulating system, the relay
will operate to open the control circuit of S5 S5 will in turn open the held
circuit of the 24 volt generator, thus removing the power from the filament
circuit.  With the removing of voltage from the hlament circuit the time de-
lay relay Sp will be deenergized and its contacts will open the control circuit
of Sy which, in turn, opens the held circuit of the high' voltage generators,
thus removing the plate power from the transmitter.  This same protection
is, of course, obtained upon attempting to start the transmitter with the cool-
ing water supply shut otf.

b. Fuses The fuses used in all of the transmitter circuits are mounted
in the rear of the transmitter just above the terminal boards. The capacities of
the fuses used in the various places are as follows:

Used in Catalog
Positions  Amperes Volts Number
I 3 250 01125
Fo 3 250 91125 (Graybar
Iy 3 250 91125
Fy 3 250 01125  Electric
15 0> 250 91149
Fa 50 250 01143 Catalog
I+ 20 250 91136
‘Q




I°s 3 250 91125 1926-7)

Fy 3 250 91125

Fio 2 2500 2760 Western Klectric
Yearbook 1924,

| OF Y 2 2500 27060 Western Electric
Yearbook 1924,

Fio 2 2500 2760 Western Electric

Yearbook 1924,

C. METHOD OF
ADIUSTMENT OF RADIO TRANSMITTIER

It is essential that the unmodulated power delivered to the antenna be not
greatly m excess of 1 kilowatt, otherwise the radio transmitter will not properly
deliver the peaks of power required when modulated. The power adjustment
provided allows, under most conditions, unmodulated power considerably in
excess of 1 kilowatt to be delivered to the antenna, but the transmitter should
not be operated overloaded for the reason just noted.

Before 1t is possible to properly adjust the transmitter it is thercfore
necessary to determine the value of antenna current which dissipates 1000
watts in the antenna.  This current depends upon the value of the antenna
resistance, at the operating wave length, and for any output the following
formula for antenna current should be used:

Antenna Power
Antenna Current= - L
\/ Antenna Resistance (at operating

wave length)

The antenna resistance may be obtained from any proper method of meas-
urement and if not otherwise obtainable may be determined by substituting a
dummy antenna in place of the real antenna and adjusting its known constants
until the condition of operation of the transmitter, including its adjustments, is
the same on both the real and dummy antenna. Under these conditions the re-
sistance of the dummy antenna is approximately equal to the resistance of the
real antenna.

Having determined the antenna current which it is desired to obtain and
assuming that the equipment has been completely installed with fuses and
vacuum tubes in circuit, the following procedure should be followed.

NOTI: These instructions also cover adjustments of the transmitter when

determining antenna resistance by the dummy antenna method.
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An approximate setting for condensers Cs and Oy and inductances 1.7 and
I.¢ should be made, depending on the wave length to be used and the resistance
of the antenna, using as a guide table #1.
NOTLE  On transmitters bearing serial numbers prior to #1444 the coupling
condenser Cpq consists of four units of values .04—02— 01—
005 ME.  All subesquent transmitters are modified to include
five units of values .02—.02—.01—.005—.0025 ML. It will
therefore be necessary to select the nearest value divisible by .003
from those noted in table #1 for transmitters bearing serial num-
bers 143 and under.

TABLE 1

Approximate Tuning Adjustment For 6-A Radio Transmitter

Coup- Closed
I'req. Wave Ant. Tuning ling Cir. Plate Osc.
Length Resis, Capac. Capac. Ind. Tap Tap
(KC) ( Meters) (Ohims) (AL (M1 (Turns) (Turns) (Turns)

10000 W ATTS

1500 200 6 00073 0173 N 7 8
10 00075 0125 8 7 8
15 00075 0125 8 7 8
20 00075 0100 8 7 8
750 WATTS
6 00075 0175 8 8 8
10 00075 013 8 7 8
15 00075 0125 8 8 &
20 00075 0100 8 8 S
500 1°ATTS
6 00075 02 8 8 8
10 00075 0173 8 8 8
15 00075 013 8 8 8
20 00075 0123 8 8 8
1000 117 1TTS
1000 300 G 0013 0223 0 9 12
10 0015 0175 9 9 2
15 00125 015 9 S 2
20 0015 0123 o 0 12
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TABLE L (Cont.)

Approximate Tuning Adjustment For 6-\ Radio Transmitter

IFreq.

(KC)

750

500

Leneth
Wave
( Meters)

600

Coup-
Ant. Tuning ling
Resis. Capac. Capac.
(Ohms) (M) (NI

230 1ATTS

6 00125 0225
10 00125 0175
15 00125 015
20 00125 0125

300 1 ATTS

6 00125 0250
10 00125 .020
15 00125 0175
20 00125 015

1000 11°ATTS

6 002 03
10 002 025
15 002 .02
20 002 75

730 1°ATTS

O 00175 03
10 00175 025
15 00175 02
20 00175 0175

500 1 ATTS

G 0015 0325
10 0015 030
15 00175 025
20 00175 02

1000 11" ATTS

O 00275 0475
10 00275 040
15 00325 0350
20 00300 .0300

11

Closed
Cir.
[l

(Turns)

0
9

]

10
10
10
10

10
10
10
10

10
10
10
10

14
14
14
14

Plate

Tap

(Tur

9
9
9
9

QO O WO

10
10
10
10

10
10
10
10

10
10
10
10

14
14
14
14

Ose.

Tap

1s) (Turns)

18
18
18
18

I8
18
18
18

31
31
31
31



TABLIE I (Cont.)

Approximate Tuning Adjustment For 6-\ Radio Transmitter

Coup- Closed
Freq. Wave Ant. Tuning ling Cir. Plate Osc.
Length Resis. Capac. Capac. Ind. Tap Tap
(KC) (Meters) (Ohms) (MF) (M) ( Turns) (Turns) (Turns)

750 N ATTS

O 0025 0475 14 14 31
10 00275 040 14 14 31
15 003 0350 14 14 31
20 003 0275 14 14 31

500 IWATTS

6 00225 0475 14 14 31
10 00225 040 14 14 31
15 003 0375 14 14 31
20 0025 0300 15 15 31

In the lower left-hand corner at the rear of the transmitter the taps on
resistance Ry are marked 1, 2, 3 and 47 on the small panel marked * Modulator
Tube.” The flexible lead should be connected to the tap numbered to corre-
spond with the number on the modulator tube which indicates its impedance
classihcation.  See page 3.

Disconnect the slider below Ry ; at the rear of the transmitter, which con-
nects Cy to Ryq.

Before applying power to the transmitter the cooling water should be
started circulating.

The motor-generator sets may be started by operating the top button on
the “Master Control” switch. This starts both motor-generator sets at the
same time. " The Plate Voltage™ switch should be in the off position, 1. e. with
black button depressed.

The voltage supplied to the flament should now be adjusted by means of
the rheostat at the left of the front panel marked 24 Volt Generator” to indi-
cate a filament voltage of 22, The voltage of the 230 volt generator should
be adjusted by means of the rheostat in the center of the front panel to indi-
cate a ¢rid voltage of 250. The grid voltage must be advanced to full 2350
volts in order to close the held magnetic switch S5,

The “4000 V. Time Delay Relay™ should operate with the filament volt-
age of 22, otherwise the knurled nut at the bottom should be adjusted until it
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does. Turning the adjustment to the right raises the plunger and accelerates
the action. The needle valve in the top of the relay should be adjusted so that
the contacts will close from 10 to 20 seconds after the hlament voltage has been
applied to the transmitter. Turning the knurled screw to the right closes the
valve and retards the action.

This relay having functioned and with the contacts of the plate overload
relay closed, it is possible now to close the held circuit of the high voltage
generators by operating the top button of the “Plate Voltage™ switch. The
plate voltage should be adjusted to 4000 volts by means of the field rheostat
mounted on the right of the panel.

The oscillator should now be operating at a wave length approximately
that desired.  Operation will be indicated by the following readings:

Oscillator Load Current . : .5 ampere
Oscillator Plate Current .. 280-320 milliamperes
Oscillator Grid Current .. . ... 40- 60 milliamperes
*Modulator Plate Current . . : R0-120 milliamperes
Modulator Grid Current . . : 0

Power Amplifier Grid Current .. 0

Power Amplifier Plate Current Jd-4 ampere
Speech Amplifier Plate Current = . 30- 40 milliamperes

*Due to the circuit used, fluctuations of small amplitude will he noted in the reading
of the modulator plate current meter when the transmitter is not being modulated.
This condition in no way affects the performance and mav accordingly be disregarded.

Meter indications considerably outside of the above limits indicate an ab-
normal condition which should be corrected before proceeding further.

The wave length at which the oscillator is operating should be measured by
suitable means and corrected to the proper value by the adjustment of Lg. If
the desired value cannot be obtained by means of the adjustment marked “IFre-
quency’ on the front of the panel it will be necessary to move the tap on L ac-
cessible from the rear. The final adjustment is, of course, obtained by means
of the handwheel marked “Frequency.”

Remove the plate voltage by means of the push-button switch and connect
the slider below Ry7 to tap 1 on Ry7. Apply the plate voltage by means of the
push-button switch and tune the output of the power amplifier by adjusting .7
until the closed circuit current is a maximum but not more than 15 amperes. 1§
a current greater than 15 amperes is obtained when the circuit is tuned it may be
left untuned temporarily to keep the current below this value.  Coarse adjust-
ments of I.; are made by moving the taps, and fine adjustments are made by
means of the handwheel marked “Closed Circuit Inductance.”

13



NOTI: The taps should be kept connected to the same turn on L at this
time.

Tune the antenna circuit by adjusting L until the antenna current becomes
a maximum. Coarse adjustment of l.g 1s made by means of a tap connecting to
the antenna mnsulator and fine adjustment is made through the handwheel marked
“Antenna Inductance.”

Tuning the antenna circuit will probably decrease the closed circuit current
so that the closed circuit may be retuned to increase its current.  Regardless of
the value of the antenna current, the closed circuit current and the power ampli-
frer plate current should be adjusted to the values given in Table 11, page 15.
This adjustment should follow the procedure given in Tables 111 and T\, pages
15 and 16 and such adjustments should be made one at a time. The frequency
should be checked and the antenna power adjusted after each change in capaci-
tance before any further change is made.

For a given antenna power the power amplifier plate current is a4 measure
of the plate circuit impedance.  For the various antenna powers different im-
pedances and different operating plate currents are used.  With the proper
coupling as shown by the closed circuit current, and the proper amplitier plate
current, the plate circuit impedance will be of the correct value. If currents
other than those given in Table TT are used, either the modulation or the ethciency
will suffer.  Allowable limits of current are given in this table within which the
operation is satisfactory but adjustment should be made to give as nearly as
possible the exact values. .

The operation of “‘tuning” the 6-\ Transmitter is one of wave length set-
ting and adjusting for the correct plate circuit impedance and coupling to be used
with the desired power in the antenna.  The procedure to be used in setting the
wave length 1s covered by these Instructions while the settings required for wave
length, coupling and plate circuit impedance are given in Table 1.

The “plate circuit impedance” referred to is the impedance offerred to the
radio frequency voltage by the circuit composed of 1.7-C; and Cy ¢ with the coup-
led antenna circuit.  (See KSR-307849) (pages 76, 77 and 78)

I'f the instructions in Tables TTT and TV are followed the proper impedance
and coupling will be obtained.  Some further explanation of the function of the
tuning and coupling condensers seem necessary.  [First, a change in either tun-
mg or coupling condenser ( followed by a retuning of inductances .7 and 1.g)
changes both the closed circuit current and the power amplifier plate current.
However, the coupling condenser affects the closed circuit current more than it
does the plate current so that the closed circiit is adjusted (for large varia-
tions) by the coupling condenser.  The reverse effect holds for the tuning con-
denser. The tuning condenser shovld be adjusted for large cariations in the
plate current. ‘
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There are two methods of increasing the plate circuit impedance.  One 1s
to increase the reactance of the condenser branch, i. e., decrease the value of the
tuning condenser and the other is to loosen the coupling, 1. e., increase coupling
condenser Cyg. The two methods have the same effect on the plate current (a
decrease) but the fArst method decreases the closed circuit current while the
latter increases it. IFor a decrease in impedance the reverse holds true; the
tuning condenser may be increased, or the coupling condenser may be decreased.
The amplifier plate current is increased in both cases. The closed circuit current
1s increased in the first case and decreased in the second.

It will be found that large changes in either Cy, or C; condensers require a
change 1n the taps on the tuning inductance 1.7
gether.) This tap change will amount to one or two turns and must be ob-
tained by trial.  The following data indicates the directions the tap change will

take in order to bring the circuit again in tune:

( Both taps are moved to-

TABLE T1

Antenna Pozver Amplifier . e
Porer Plate Current Closed Crrcuit Current
1000 watts 85 amp. (limits+zero) 14 amps. (limits+1.0)
—.10 ) —1.0)
750 watts 70 amp. (limits+.05 ) 12 amps. (limits+1.0)
—.05) —1.0)
500 watts 53 amp. (limits+.10 ) 10 amps. (limits+1.0)
—.03 ) —1.0)

TABLE 111

{ See Table TV)
INDICATION

Plate* current high and
Closed circuit current high

Plate current high and
Closed circuit current low

Plate current low and
Closed circuit current low

Plate current low and
closed circuit current high

*The power amplifier plate current is referred to.
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ADIUSTMENT

Decrease tuning condenser €.
Decrease coupling
(increase Cqg).

Increase tuning condenser Cr.

Increase coupling (decrease Cqy).



TABLE IV

INDICATION ADJUSTMENT
Plate current OK and
Closed circuit current ~high Decrease (' then see Table 111
oo ow Increase Cyqq then see Table 111.

Closed circuit current OK and

Plate current .. . .. . high Decrease Cy then see Table TT1L
........... low Increase C; then see Table 111

(or decrease plate tap turns.)

Capacity Change (large changes only) Tap Change
Increase in Cy
Decrease in Cq

............................ Decrease turns

................ ~ . Increase  turns
Tnerease in Cyy .. S _ ... Decrease turns

Decrease in Cqg..... ... . ... Increase turns

In cases where one current (Table 1) is within the prescribed limits and
the other one 1s not, the procedure in Table 1V should be followed as the frst
operation.  This will either bring both currents within the limits or will enable
Table 111 to be used for the second adjustment.

When adjustments are made in this manner it is desirable to keep a record
of current indications for the various capacities used.  This record may have the
following form:

C, Cro Current Plate Current  Power
Value of  Value of  Closed Cir.  Power Amp.  Antenna

The setting giving currents nearest to the exact values of Table 1T may
then be chosen.

The frequency should now be readjusted to the correct value. The closed
circuit inductance (1.7} should be adjusted to give the minimum Power Ampli-
fier plate current and the antenna inductance (I.s) should be adjusted to give
a maximum antenna current.  The output of the transmitter may now be ad-
justed to give the antenna current corresponding to the desired power output by
moving the connection of Ry 1 to the proper tap. The output is increased as the
connection is moved from tap 1 toward tap 12 on transmitters bearing serial
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numbers up to and including #144. On subsequent sets the potentiometer has
been modified to include 25 taps, the lower range of which permits power set-
tings between 500 and 1000 watts.  The photograph on page 72 shows the
modified potentiometer. After the connection has been made to approximately
ithe correct position, the frequency should again be adjusted to the correct value,
the closed circuit inductance should be adjusted to give mmimum Power Ampli-
fier plate current and the antenna nductance should be adjusted to give a
niaximum antenna current.

With an antenna current of the proper value the closed circuit current
should fall within the limits noted in Table I1.

If the closed circuit current is less than the value noted, readjustment should
be made using a larger capacity in Cyg. Cyg 1s the coupling capacity mounted
near the top at the left-hand side of the transmitter looking into the rear and
links are provided for changing the capacity.

If the closed circuit current is greater a readjustment should be made using
a smaller capacity in Cyg. With all adjustments made the power amplitier plate
current should be in accordance with the value noted in Table 11.

If the plate current is high, a readjustment should be made with a smaller
apacity in Cq. Cz is the tuning capacity mounted across the rear of the trans-
mitter and the links are provided for changing the capacity. [f the plate current
s low, a readjustment should be made with a larger capacity in Cq. 1f the
correct value of amplifier plate current cannot be obtained with the taps con-
nected to the same turn on L.z, the value of C;, which gives the nearest higher
value of power amplifier plate current, should be used.  Then, readjustment
should be made with the tap on the upper slider (which connects to the plate
circuit of \'y through Cg) moved the necessary amount nearer the front pancl
than the tap on the lower slider (which connects to the tuning capacity Cy ).
to bring the plate current to the correct value.  In a very few cases it will be
necessary to do this and the cffect of lowering the plate tap is always to de-
crease the plate circuit mmpedance without greatly affecting the closed circuit
current. This effect 1s taken advantage of in the last part of Table 1\, How-
ever, this change should not be made unless it is otherwise impossible to obtain
the correct adjustment.

The above adjustments are more or less interdependent as previously stated,
so that for instance in changing Cyq to adjust the closed circuit current there
will be a secondary effect changing the power amplifier plate current which may
make necessary a change in L7 and Cy to bring the power amplifier plate current
within limits.

In the process of tuning care should be taken to see that everything is
properly adjusted to the correct frequency before determining from the meter
indications the adjustment to be made next.
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The general rule is to adjust closed circuit current by changing Cy and to
adjust power amplifier plate current by changing l.; and C; when the desired
power output is being delivered to the antenna.

RECAPITULATION

1. For the frst trial setting use the values of tuning condenser, tuning
inductance and oscillator inductance as given i Table 1. As it is desirable,
however, to start with too loose a coupling and gradually to tighten it, an initial
value of Cyg larger by 005 mf than the value gioen i Table | should be used.

2. Adjust for the desired wave length and antenna power as specified.
It is best to start with a low plate voltage and a low potentiometer tap until
the set is approximately tuned.  The plate voltage and potentiometer tap may
then be mcereased without causing excessive currents to flow,

3. Tune for maximum antenna current and mimmum amplifier plate cur-
rent.  Compare the closed circuit current and the plate current with Table 11
and determine into which class of Table [TI or I\ the correction in condenser
setting falls.

4. DPerform the mdicated change using the smallest condenser unit avail-
able until the antenna current, closed circuit current and power amplifier plate
current are correct (refer to Table 11).

5. Check all meter indications with Table V.

When finally adjusted the meter indications should fall within the following
limits. This table applies to all wave lengths trom 200 to 600 meters inclusive:

TABLEE V

Antenna Power (I atts) 1000) 730 500
Speech Amplifier Plate

Current 30-40 ma.* 30-40 ma. 30-40 ma.
Antenna Current Proper value for desired power in the antenna.

See formula.

Closed Circuit Current  13-15 a. 11-13 a. O-11 a.
Power Amplifier Plate

Current 75-.85 a. .65-.75 a. .5-.63 a.

**Power Amplitier Grid

Current ess than 100 ma.

Modulator Grid Current 0 0 0

Modulator Plate Current  70-120 ma. 70-120 ma. 70-120 ma.
Oscillator Grid Current  40-60 ma. 40-60 ma. 40-60 ma.
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Oscillator Plate Current 280-340 ma.  280-340 ma.  280-340 ma.

Oscillator Load Current 4-.6 a. A-.0 a. 4.6 a
Iilament Voltage 22 22 22
Plate Voltage 4000 4000 4000
Grid Voltage 250 2350 250

The function of the modulator grid current meter is to indicate overload-
ing of the modulator tube. After overloading begins there 1s a gradual de-
terioration of quality as the load 1s increased and for good results the load should
not be such as to give trequent indications ot modulator grid current.

When the transmitter is operating in conjunction with the speech input
cquipment, the operating level (maintained through observation ot the volume
indicator) should be shightly below the level which gives grid current as in-
dicated by the meter on the transmitter.

“ma = millamperes

A = amperes

“Note: With certain adjustments a negative indication of grid current may be observed.  This
s normal and without significance.

19




e o i

CHAPTER 11T
1-12 SPLELECH INPUT [2QUIPMIEENT
A. GENIERAL DESCRIPTION

The 1-E Speech Input Equipment (page K9) provides the necessary ap-
paratus for picking up the sound waves of music or speech, converting them into
electrical currents and amplifving these currents to a sufficient volume to drive
the radio transmitter. The operation of this apparatus will ordinarily require
two attendants, one 1n the studio to care for the microphone and another in the
control room to care for the amplifiers and to maintain the output volume at
the proper level to operate the radio transmitter. .\ communication system of
signals and telephones is provided between the studio and control room to facili-
tate the operation of the station. The greater part of the apparatus is mounted
on two racks in the control room. Arrangement of this-apparatus may be
changed to meet the needs of the individual installation.

1. 387-W & 373-W (Microphone) Transmitters

The external appearance of the types 387-W and 373-W  Microphone
Transmitters is identical, the ditference being internal changes to the carbon
buttons. The microphone is mounted in a housing and cquipped with a cord
and plug as shown on page 91. Tt 1s used in the studio to pick up the sound
waves and convert them into electrical currents for broadeasting, and is de-
signed for high quality reproduction of all frequencies in the audible range.
Its output volume is necessarily low requiring amplification to a volume level
suitable for driving the radio transmitter.  In the microphone, a thin diaphragm
stretched between two heavy metal rings vibrates with the sound waves in the
studio.  Attached to this diphragm at its center are two carbon buttons.  The
two buttons are connected in series and to the primary of the input transformer
of the 8& B Amplificr. Their midpoint is grounded to the transmitter ring and
to the main ground through a third lead from the microphone.  Current is
supplied to the microphone from the flament battery between a midpoint on
the input transformer and the grounded transmitter ring. The microphone is
equipped with a cord and plug to facilitate rapid replacement and change from
one position to another when several receptacles are provided in the studio. The
microphone circuit is run in lead covered wire in iron conduit from the amplifier
and terminates in one or more outlet receptacles located in the baseboard of the
studio.
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2. 8-B (Speech Input) Amplifier

This amplifier (pages 92 and 93) is used to amplify the feeble currents
from the microphone sufficiently to drive the radio transmitter. It s mounted
on a rack in the control room and has three stages of amplification. The first
stage uses a 102-D Vacuum Tube and the sccond and third stages use 205-D
Vacuum Tubes. A jack panel is provided on the ampliier for measuring the
flament and plate currents of the tubes. Jacks are also provided for measuring
the current supplied to the two carbon buttons of the microphone. They are
connected 1n the leads from the input transformer which forms a part of this
amplifier. Rheostats for controlling the hlament current of the tubes and the
microphone current are provided. .\ key for switching the microphone on and
off 1s also provided. The gain of this amplifier is controlled by a 22 point
potentiometer which operates on the first two stages to vary the gain gradually
from minimum to maximum,

3. 518-B (Volume Indicator) Panel

The 518-B Panel (pages 96 and 97) indicates the volume level of the
program material (speech, music, etc.) supphied by the 8-13 Amplifier to the
radio transmitter. This panel gives reading in terms of a unit known as the
“Transmission Unit” (usually written TU ) and used in telephone engineering
to measure amounts of electrical power.  Such power can also be measured in
watts but the TU 1s generally used because of its convenience from a technical
standpoint.  Power measurements in TU are measured with reference to an
arbitrarily selected value known as “Zero Level”. The 5181 Panel is calibrated
on the basis that zero level is 0.006 watt.  An amount of power less than this
is prefixed by the negative (—) if measured in TU.

For the benehit of those not familiar with the Transmission Unit the follow-
ing description is included:

Gain, loss and output level, are measured in terms of a unit called the
Transmission Unit {written TU). In the case of gain or loss, the TU is used
to express the ratio of the powers at the output of the system, due to a change
in the circuit conditions, such as an adjustment of the potentiometer control, or
the insertion or removal of amplifiers, transformers, etc.  When used in this
sense it does not give any idea as to the level or loudness of the sounds imvolved
but merely indicates the change in loudness.  A\s it cannot be accurately defined
or described without the use of mathematics, the following table is printed,
which will give the reader a quantitative idea of the relation which exists between
TU’s and the power ratios.
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U Power Ratio T Power Ratio
1 1.26 10 10
2 1.6 20 100
3 2.0 30 1.000
4 2.3 40 10.000
3 3.2 50 100,000
6 4.0 60 1,000.000
7 5.0 70 10,000,000
& 6.3 K0 100.000.000
9 K0 90 1.000,000,000

By reference to an arbitrarily selected value known as the normal or zero
level, the number of units above or below zero 1s used to indicate the actual
loudness of the sound.  When used in this sense, the number of units is not
directly proportional to the electrical power involved (as it would be if the
measurements were made in watts ) but is roughly proportional to the sensation
produced upon the car. A difference of one TU in the power supplied to a
telephone receiver represents approximately the smallest change in the volume
of sound which the normal ear can detect.

There are other uses to which the Transmission Unit s applied, but an
understanding of these 1s not necessary to the proper operation of the Speech
Input Equipment.

Further information, and the mathematical definition, can be obtained from
the paper by W. H. Martin, entitled ""The Transmission Unit™ printed i the
Journal of the American Institute of Electrical Engineers Tor June, 1924,

The 3188 Panel uses a 102-D Vacuum Tube which requires a Hlament
current of .95 ampere and a plate potential of 130 volts.  Tndication of the
power being measured 1s given by a sensitive galvanometer in the plate circuit
of the vacuum tube. .\ rheostat and a kev are provided to control the filament
current and a potenttometer controls the negative bias voltage of the tube. The
negative bias should be so adjusted that the galvanometer needle gives a per-
manent deflection of five divisions when there is no input to the volume indicator
panel.  The grid circuit is energized by the output of the & Ampliher.  In
this circuit is a level measuring key for large steps and a level measuring switch
for small steps calibrated i transmission units. The large steps are 0. +16
and +30 TU and the small ones are cach 2 TU and cover a range of 20 TU
(=10 to +10 TU). When the galvanometer needle swings to 30 divisions
about once in 10 scconds during the transmission of speech the volume level
at the input to the transmitter 1s the algebraie sum of the key and switch set-
tings.  In other words, volume level may be measured by adjusting the key and
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switch until the desired deflection of 30 divisions about once in 10 seconds is
obtained and taking the algebraic sum of the settings as the reading.  lor
example, if the setting of the key is +16 and the reading of the dial switch 1s
—+. the energy level measured 1s 164 or 12 TU.

During broadcasting this instrument is used as a guide to volume
adjustment rather than as a measuring device as explained under Monitoring
(page 37).

4. 18-B (Monitoring) Amplifier

This amplifier (pages 100 and 101) 15 designed to drive a 340-CW Loud
Speaking Telephone with sufthcient volume of sound for monitoring.  The
amplifier obtains its input from the output of the -1 Amplifier or from the
output of the rectifving tube V5 in the radio transmitter depending upon the
position of the monitoring transfer key in the 334\ Panel which provides a
means of switching hetween these sources for purposes of comparison.  One
205-D Vacuum Tube is used in the single stage of amplification provided.
Volume is controlled by potentiometer.  Asx in the case of the 8B Amplifier
there are jacks for measuring flament and plate currents and a rheostat for
controlling the filament current.

5. 514-A (Meter) Panel

The meter panel (page 104) provides facilities for measuring  hlament,
plate and microphone currents in the ditferent circuits of the speech input equip-
ment.  Three meters are provided with two cords and a non-locking keyv.  The
0-4 ammeter with a cord and small plug is used for measuring fHlament
currents in the different tube circuits.  The other cord with the large plug is
connected to the other two ammeters through the key.  In the normal position
the 0-100 millinmmeter is connected to the cord and plug but when the non-
locking key is depressed the 0-10 milliammeter is connected in its place. This
plug fits the jacks in the plate circuits of the tubes and the microphone circuits
while it will not enter the flament jacks.,  Plugging into a plate circuit jack
gives a reading on the 0-100 milliammeter. 11 this reading is below 3 nulhi-
amperes it may be read more accurately by pressing the button and reading on
the 0-10 millianymeter. This meter s provided for reading the plate current in
the 102-D Vacuum Tube only.

6. 534-A (Signal and Control) Panel

This panel (pages 106 and 107) is the control room terminal of the signal
and control system between the control room and the studio.
The amplifier mput transfer key has three positions. One position is used
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to connect the & B Amplifier input circuit to the studio microphone; a second
position to a microphone in the control room and the middle position is used
for connection to the extension panel and thence to a telephone line when it is
desired to transmit a program {rom a distant point.

A monttoring transfer key 1s provided for switching the input to the
(monttoring ) 18&B Amplitier either to the monitoring rectifier in the radio
transmitter or to the output of the 8B Amplifier.  This provides a convenient
means of comparing the quality of the radiated program with that of the mput
to the radio transmitter.

The ready signal key marked "RADIO TRANSMITTER” is provided
to signal the studio when everything is in readiness for transmission.  This key
is 10 series with relay Sy and controls the green light on the 6043-A Telephone
Set in the studio.  When radiation of the carrier starts relay Sy closes.  The
radio room BROADCAST lamp will light when the ready signal key is turned
on provided the amplifier input transfer key is thrown to the radio room position.
This red light means that all sounds in the control room are being broadcast. [f
the keys are thrown to the studio position the green light in the studio will
burn showing that everything is in readiness for broadcasting. The studio
operator then turns a key (described under the 6043-\ Telephone Set) and the
circuifs are in readiness for broadcasting from the studio. Turning this key
lights a red lamp in the studio and the white studio broadcast lamp on the 33+4-A
Panel signaling both operators that the studio is broadcasting.

A hand telephone is provided for talking to the studio operator. A lamp
signal and a buzzer are provided for telephone signaling and a key is provided
to turn the buzzer off when not wanted. A push button is used to signal the
studio.

7. 6045-A Telephone Set

This telephone set (page 110) 1s the signal and control unit for the studio.
It has a ready signal lamp marked “RADIO” which lights when the control
room operator has everything in readiness for broadcasting from the studio.
The studio operator then turns the microphone key marked “"STUDIO
TRANS." on, thereby connecting the output of the 8B Amplifier to the radio
transmitter by the operation of the broadcast control relay on the 334-A Panel,
and the studio then is ready {for broadcasting.  The studio "BROADCAST”
lamp lights as a warning that cvervthing said in the studio is being broadcast.
A hand telephone is provided for intercommunication between operators.  The
telephone set is equipped with a light marked "INTERPHONIE™, a buzzer
signal and a push button marked "STGNAL” for calling. .\ key marked
"BUZZER” 1s provided to open the buzzer circuit when it is not wanted.  The
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buzzer 1s automatically disconnected by the microphone key whenever that key
18 turned on thus making it impossible to buzz into the microphone.

8. D-76814 (Extension) Panel

This panel (pages 112 and 113) 1s equipped with facilities for connecting
the input circuit of the 8-B Amplifier to one of nine telephone lines by means of
a patching cord. A key and 20 ohm resistance are connected from the -12 volt
battery to terminal #12 on the 334-\ Panel for operating the broadeast control
relav. A resistance network of about 20 TU equivalent, with a key to short
circuit it, is connected between terninals 25 and 26 of the 334-\ Panel and one
of the jacks. The other nine jacks are for connection to nine telephone lines.

9. 547-B (Microphone) Panel

This panel carries a receptacle for the radio room microphone which 1s
connected to the radio room position on the 334-\ Panel.

10. 536-A (Modified) or 563-B (Battery Supply) Panels

These panels (pages 115 and 116) are interchangable and provide switches
and fuse protection for battery circuits to the various units of the speech mput
equipment. The fuse is in the same circuit with the switch directly above it
and a designation strip between them indicates the circuit controlled and pro-
tected by each.

11. KS-2805 (Battery Charging and Switching) Panel

This panel (page 118) is arranged with charging and operating positions
for 350 volt plate battery in fhive sections, two 12 volt batteries and one 8 volt
battery. The five sections of plate battery of 70 volts cach are charged in paral-
lel with a lamp in series with cach section.  When the power supply 1s alternat-
ing current, Tungar rectifiers are used for charging the batteries.  Safety door
switches are provided to sectionalize the 350 volt battery when the door of the
panel is open.
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CHAPTER 111
RADIO RECETNTING OUTEHIT

A GENERAL DESCRIPTION
6204-1) RADIO RECEITING OUTEHIT

The No. 6204-D Radio Receiving Outhit is a complete equipment for radio
reception, intended primarily for use at broadcasting stations, and in it is mn-
cluded an electrical filter which eliminates practically all interference from the
station at which it is employved.  The outfit operates over a frequency range
of 375 to 1500 kilocycles.  This corresponds to a wave length range of 800 to
200 meters.

The distance from which reception is practical cannot be stated dehnitely
because it is influenced by such factors as geographical location, etfectiveness
of the receiving antenna, power of the transmitting stations and local mter-
ference. In the 6204-D Radio Receiving Outht special attention has been given
to the response-frequency characteristic with the result that virtually uniform
amplification is obtained for the audio frequencies ordinarily transmitted. [t
is sensitive enough when used with a good antenna to meet the requirements of
a broadcasting station making possible the reception of distress signals under
average conditions from several hundreds of miles.  Tts exceptional frequency
characteristic makes it very valuable in momtormg at the studios the signals
radiated from the station when the transmitter is located remote from the
studios, or in listening critically to the broadeasting of competitive stations.

1. No. 4-D Radio Receiver

The No. +-D Radio Receiver operates on the principle of double detection
and termediate frequency amplification. It has two stages of intermediate
frequency amplification and one stage of audio frequency amplification.  No
interstage jacks are provided.  However, the amplification control switch ( page
121, provides a means of securing the proper regulation of the volume pro-
duced by the set.

Six Western Flectric Noo 215-\ Vacuum Tubes are used i this radio
veceiver.,  These tubes are connected 1 series and are operated from the & volt
storage battery.

Tuning is accomplished by means ot the tuning condenser and the oscillator
condenser. shown on page 121, "There are two settings of the oscillator con-
denser and one setting of the tuning condenser, that correspond to any given
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frequency within the range of this outht. Tt 1s generally immaterial which of
the two settings of the oscillator condenser is used, but in most cases the inter-
ference will be less with one setting than with the other. The condenser settings
for stations using a low frequency will be on the lower portion of the scales.
and for stations using a high frequency the settings will be on the upper por-
tion of the scales.

The hlament rheostat controls the battery supply to the Alaments of the
vacuum tubes.

The telephone headset supplied with this outfit is provided with a cord to
which is attached a plug that fits the "OUT™ jack of the radio receiver.

When the 6204-D Radio Receiving Outhit is used at the studios for monitor-
ing signals radiated from the associated remotely located transmitter, the output
of the radio receiver is frequently wired to the input of the 1&DB Amplifier
through the monitoring transfer kev of the 334-A Panel.  This arrangement
oives loud speaker volume to the received signal and provides means of com-
parison between the signals as delivered to the line connecting the studio with
the radio transmitter and the signals radiated by the radio transmitter.

2. No. 2-B Tuning Unit

The No. 2-B Tuning Unit, shown on pages 129 and 130 is used to couple
the No. 4-D Radio Receiver to the antenna.  The tuning unit is mounted in a
separate cabinet, which should be located close to the radio receiver m order
that the connecting leads to the receiver may be as short as possible. This pre-
caution will avoid the introduction of undesirable capacity resulting from leads
of appreciable length.

The No. 2-B Tuning Unit consists essentially of a primary circuit coupled
to a secondary circuit through variable coupling.  (See page 123).  In addi-
tion to the antenna terminal and the ground terminal, the primary cireuit con-
tains a variometer for tuning the antenna, a two point antenna switch for cut-
ting the variometer in or out of the circuit—thus making the antenna either
tuned or untuned—and two fixed condensers, arranged to provide a means of
utilizing antennae of different clectrical characteristics. The connection to this
unit 1s made, on the side of the cabinet, to one of the terminals marked "1LLONG.”
SAMEDIUM™ or “"SHORT.” while the ground is attached to the "GRD™ termi-
nal.

Because of the many factors that effect the constants of an antenna. it 1s
difficult to classify any given antenna as long, medium or short.  In making the
connection to this unit, it is best to try the "NEDITUN™ terminal fArst and note
how high and low frequency stations are received. T high frequency stations
cannot be tuned in, while the “MEDIUM™ terminal is being utilized, the con-
nection should be shifted to the “LONG™ terminal.  Tf Tow frequency stations
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cannot be tuned in, the connection should be shifted to the "SHORT™ terminal.
If both high and low frequency stations can be tuned in well, the connection
should be left on the "MEDIUM” terminal.

The coupling transformer, which inductively joins the primary and secon-
dary circuits, serves also as a means of controlling both the sensitivity and the
selectivity of the receiver. The adjustment of the coupling (See page 129) is
effective with the antenna tuned or untuned. The maximum selectivity is ob-
tained with minimum coupling and the maximum sensitivity i1s obtamed with
maximum coupling.  Shunted across the secondary of the coupling transformer
is a fixed condenser so arranged with a two point switch that it may be cut in
or out of the circuit.  With this switch it is possible to secure two frequency
ranges; 375 to 600 kilocyeles, and 475 to 1500 kilocycles.

In connecting the tuning unit to the radio receiver, the three terminals, on
the right hand side of the tuning unit, should be connected to the three terminals
on the mput terminal block in the radio receiver. connecting together the top
terminals of each, the middie terminals and the bottom terminals, respectively.

3. 2-A Tuning Unit

The 20-A hlter shown on pages 133 and 134 eliminates from the receiver
practically all electrical energy of the frequency at which the associated broad-
casting station is operated thereby reducing interference to a minimum.  This
apparatus is connected between the antenna and the 2-B Tuning Unit and 1s
equipped with brackets for mounting it against a wall or beneath a table. It
should be located close to the radio receiver and tuning unit. The adjustment
of the filter is described on page 76.

B. GENLERAL DESCRIPTION
6004-C RADIO RECETIING OUTEIT

This receiving outfit, shown schematically on page 126 is a complete cquip-
ment for radio reception intended primarily for use at broadcasting stations.
It is an earlier design than the 6204-D Radio Receiving Outht described above.
While it is slightly more sensitive than the latter design this increased sensitivity
is obtained at some sacrifice in quality. Tt emplovs the 4-C Radio Receiver.
with the 2-A Tuning Unit for tuning the antenna and the 20-\ Iilter for
eliminating the transmitter frequency.

1. 4-C Receiver

The 4-C receiver (page 123) is a double-detection receiver employing six
215-A Vacuum Tubes. Tt is designed for operation with a loop antenna but
may be adapted for use with an outside antenna by the addition of a 2-\ Tuning
Unit.
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The first tube is used in an oscillator circuit, which 15 adjusted to a fre-
gquency 45 kilocyeles above or below the received frequency. The oscillator
output and the received signal are applied together to the grid of the second
tube, which is a detector.  The output of this detector s amplifed by two ampli-
fier stages at 45 kilocyeles when it 1s again detected to produce the modulation
frequency of the received signal.  The last tube 1s used as an audio frequency
amplifier.  The output from the last tube is obtained directly from the plate of
the tube through the jack on the front of the panel or from terminals on the back.
The output circuits must carry the DC plate current of the tube, which is about
.001 ampere.

The hlaments of all of the tubes are connected in sertes. The hlament cur-
rent, supplied by an 8-volt battery. 1s controlled by a fAlament rheostat on the
panel. A 45-volt dry battery is used for the plate supply to the oscillator, the
amplifier tubes and the first detector. A mid-tap of 2215 volts is used to supply
the second detector tube.

Ammeter jacks marked “Test” are placed in the plate circuits of the
oscillator and the first detector for testing purposes.  The jack marked “Det.”
is connected to the plate circuit of the second detector so that the output circuit
plug can be plugged in 1t to obtain the output from the detector directly.  Plug-
ving into this jack opens the interstage transformer at the plate of the detector.
The amplifier control key short-circuits the second 45 kilocvele amplifier stage,
when 1t is thrown to the position marked 1,7 and puts it in the circuit at the
position marked “2.7 The amplification control switch controls a shunt re-
sistance across the primary of the input transformer to the first amplifier tube.

The tuning condenser is used to tune the input circuit to the received radio
frequencies and the oscillator condenser is used to tune the oscillator to a fre-
quency about 45 kilocyeles different from the received radio frequency.

2. No. 20-A Filter

The 2-A Tuning Unit (pages 131 and 132) is used for connecting the an-
tenna to the 4-C Radio Receiver. It 1s a variable coupler with a secondary having
n middle tap. The three secondary taps are connected to the loop terminals on
the receiver. The primary is tuned with a loading coil and a variable condenser
in the antenna circuit.  Coupling to the secondary is controlled by a knob with
an indicator on the front of the panel and an aperiodic-tuned switch is provided
which connects the antenna to either the tuned circuit just described when on

‘the point marked “T7 or to the primary coupling coil alone when on the point

marked “A."  The aperiodic connection is used for preliminary tuning of the
receiving set, after which more selectivity can be obtained by tuning the primary
circuit.
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3. 20-A Filter

The 20-A flter 1s used with both the 6204-D and 6004-C Radio Receiving
Outhits.  This unit is described on page 28,
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CHAPTER TV
AUNTLIARY LQUIPMENT
A WATER CIRCULATING SYSTIEAS

Water circulating systems are provided tor dissipating the heat developed
in the operation of the 228-A Vacuum Tube. This heat, unless dissipated as
rapidly as produced, will become so mntense as to destrov the tube within a short
time.  1For this reason each svstem is hitted with a device which automatically
removes all power from the 228-\ Vacuum Tube whenever the water How is
materially reduced due to obstruction i the system or for other reasons,  In
some transmitters this protection is afforded by the use of a pressure gauge
(page &), the indicating needle of which makes contact with stationary con-
tacts in the event of excessive increases or decreases of pressure. Other trans-
mitters utilize a \Venturi Tube in conjunction with a 226-\ Relay.  This relay
ix a device containing an clectric contact operated by the motion of two opposed
metal bellows.  The operation of the relay is as follows: Two different pres-
sures established at two separate points in the Venturi Tube by the water flow
in the system are transmitted through tubular connections to the metal bellows,
The difference in pressure established in the bellows causes one to expand and
the other to contract closing or opening a contact through the medium of a
multiply lever and a push rod.  The refay is shown on page &7.

Page 83 and page 86 show typical water systems, the former utilizing the
pressure gauge, the latter the Venturi Tube and 226-\ Relay.  ISach page shows
two systems.  Figure | in each instance utilizes the house water supply, dis-
charging into the sewer.  [Figure 2 on cach page illustrates closed circulating
systems with provision for emergency operation from the house water supply.
A closed system flled with distilled or other pure water must be provided for
localities in which the local water is unsatisfactory for use i the transmuitter.
A closed system is obviously desirable in localities in which the cost of water is
exceptionally high.

[Full instructions for the use of the systems, the setting of the valves, ete..
is given on page 83 and page 806.

NOTI: When using the house water supply with a svstem employving a
pressure guage, valve "M (see page 8&3) should be adiusted
to indicate a pressure of 153 to 20 pounds on the gauge. The
stationary contacts of the gauge should be set 5 to 10 pounds on
each side of the normal position of the movable arm.
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The transmitter schematics shown on pages 76,77 and 78 apply respec-
tively to cases in which the pressure gauge (page 76 and the 226-\ Relay
(pages 77 and 78) are used. The relay is indicated on pages 67, 77 and
78 by Sg.

Just inside the transmitter in front of the two 212-D Vacuum Tubes are the
controlling handles for two valves in the bottom of the transmitter.  The valves
are in the inlet and outlet of the water circulating svstem in the transmitter.
These must, of course, be open during operation of the transmitter and are
closed for the purpose of changing water-cooled tubes.

A strainer is provided in the water line ahead of the pressure regulator
and vacuum tube water jacket.  This is accessible by removing the front panel
at the bottom of the transmitter (see page 69) and should be cleaned at suit-
able intervals. A second strainer which is located at the pump, page &8, is
accessible for cleaning by removing the cap which forms the bottom of the cup-
shaped housing. A pet-cock has been threaded into the hex shaped boss on
this cap to allow for venting at this point and in some cases it will be found
necessary to first remove the pet-cock due to msuthcient clearance between it
and the pump base to allow for unthreading the straimner housing cap.  Where
this condition exists 1t 1s reconmmended that the pet-cock be replaced by a plug.
Joth strainers should be frequently and regularly cleaned.

1. Water Pump

The water pump is a suction tyvpe, high pressure, single stage pump ot
rugged, compact and simple construction. It has but one moving part, this
being a disk or wheel called the impeller.  The shaft to which this nnpeller is
fastened revolves in two outboard radial ball bearings assembled to take thrust.
thus avoiding metal to metal contact, friction and wear.  Both suction and dis-
charge openings are in the periphery. \anes in the periphery of the impeller
extend into the water channel, the shoulders of which, on account of their prox-
imity to the flat surfaces of the mmpeller. cause a water seal to be formed, thus
increasing and maintaining the pressure in the channel.

A strainer is installed at the “inlet” of the pump to prevent foreign mate-
rial, which might find its way into the piping svstem during installation or
thercafter, from entering the channel or damaging the vanes. This should be
inspected and cleaned frequently. (Page 88)

The pump is direct connected to a motor through a noiseless flexible cou-
pling, both pump and motor being mounted on the same base. For A. C. opera-
tion the 14 H. P. motor is thrown directly on the line. For D. C. operation an
enclosed counter e. m. f. automatic starter is furnished.
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2. Radiator

The radiator i1s a standard hot-water radiator of 99 square feet of radiat-
ing surface, consisting of 22 sections, 38 inches high and overall length of 3
feet, 8 inches. It is tapped for one mch pipe, top and bottom, opposite ends
and htted with air valve and key.  Air should be released at frequent intervals
if it shows a tendency to collect. . \s supplied the radiator is fnished in black
asphaltum.

3. Expansion Tank

A galvanized iron tank twelve inches in diameter and twenty inches high
with a capacity of ten gallons is installed in an elevated position to allow for
expansion in the cooling system and furnish sufficient head.  The tank is equip-
ped with a gauge glass and a bracket for mounting on the wall.




CHAPTER V'
OPERATING PROCEDURIS
A RADIO TRANSMITTIER

The antenna switch should be set in the operating or ungrounded position
when i1t is desired to operate the set. At all other times the antenna should
be grounded through this switch to protect against lightning.

Betore applying power to the transmitter the cooling water should be
started circulating, if the local house supply is used. Installations using the
closed circulating system have the pump connected to the automatic starter of
the KS-5055 motor-generator.  The motor-generators are started by operat-
mg the top button of the “Master Control”™ switch, (11 much time has elapsed
since last broadcasting it is generally best to start the motor-generator sets
with the Plate Voltage Switch open.)

The flament and grid voltages should be adjusted to 22 and 250 volts re-
spectively by varying the rheostats on the front of the panel.

The plate voltage is applied by operating the top button of the “Plate
Voltage™ switch.  The plate voltage should be adjusted to 4000 volts by vary-
mg the 4000 Volt Generator” held rheostat.

When radiation of the carrier starts a check should be made to assure
that the transmitter is operating on the assigned frequency and that the antenna
current 1s normal.  The readings of all the mstruments should be contrasted
against those noted on page 18 to assure proper operation before starting the
prograni,

B, SPEECH INPUT [EQUIPMENT

1. Studio Operation

The studio manager 1s 1 direct charge of the program, while it is being
broadcast and he is in personal contact with the artist or speaker furnishing
the program. e 1s also in contact by telephone and signals with the control
room operator and a certain routine should be established regarding his use of
the signals and controls on the 6043-\ Telephone Set mounted in the studio.
The studio transmitter key on the 6045-\ Telephone Set should normally re-
main in the “Off7 position, except when music or speech is being broadeast.
The studio microphone should not be moved or jarred in any way while this
key 1s in the ~On™ position or without advising the operator so that the micro-
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phone battery circuit may be opened by him. 1f the former precaution is ne-
glected unpleasant sounds may be broadeast and if battery s not removed from
the microphone before moving or jarring its life may be seriously impaired.

A program cannot be broadceast until the ready signal Tamp marked, " Ra-
dio™ s lighted.  This ight means that the radio transmitter and other speech input
circuits are in readiness to broadcast.  Under this condition when the studio
transmitter key is turned on, the red lamp marked, * Broadcast™ will light, signify-
myg that any sounds produced i the studio are being broadeast. The button
marked “Signal™ calls the control room operator to the interphone. The Tamp
marked, “Interphone™ is operated by the control room operator when he wishes
to talk to the studio manager. The buzzer key when “On™ connects a buzzer
m the box in parallel with the interphone lamp when no program is being
broadcast.  The buzzer 1s automatically disconnected when the studio trans-
mitter key is “On’".

2. Control Room Operation

The control room operator is responsible for the operation of the speech
mput equipment.  He must get all of his circuits in readiness before each pro-
gram and continually watch the quality and volume of the output of the radio
transmitter during the program. Before cach program he should adjust the
Alament circuits of the amplifers, adjust the current supply to the nucerophone
and measure the plate current of cach tube. The current in the various cir-
cuits should be within the limits given i the following table:

Unit Circuit Current

S18-B FFilament 05 amp.

*518-B Plate Circuit 5 divisions
8-B Plate Circuit No. 1 0005 -.001 amp.
&-B Plate Circuit No. 2 005 - 008 amp.
-3 Plate Circuit No. 3 015 - 028 amp.
&-B IHilament No. 1 O5 amp.
&-B Filament No. 2 and No. 3 1.6 amp. *
I&-B FFilament 1.6 amp.
18-B Plate Circuit 015 - 028 anp.
&-B Transmitter No. | 20 - 30 Mils
K- Transmitter No. 2 20 - 30 Mils

* An indication of this plate current is read on the galvanometer mounted on
the panel and adjustment is made by the potentiometer marked, “C Voltage™.

The program will be obtained from one of three places, the station’s studio,
the control room, or an outside point.  £ach of these will require slightly dit-
ferent operation in the control room.
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The apparatus is made ready for a program from the station’s studio by

making the {ollowing settings of switches a few minutes in advance of the pro-

oram. The last operation should be to turn the key in the 5334-A panel marked.

“Radio Transmitter” to the "On" position.
studio telling the studio manager that the circuits are ready.

This lights a signal lamp in the

Unit Control Setting
536-13 Panel Receiver Switch On
536-B ¢ -1 Ampliher FFilament Switch On
336-B ¢ S518-B Filament Switch On
536-B ¢ 1&-B Amplitier Filament Switch On
536-8B ¢ 334-A Panel Switch On
336-B S1&-B Panel 130 V. Switch On
536-B ¢ &-B Amplifier 350 V. Switch On
518 - Filament Key On ¢
5188 ¢ Level Measuring Key Zero
518-B Level Measuring Switch Operating

Level
8-B Amplifier Output Transtormer Key Coil Out
3-B " Filament Key On
&-B " Microphone Key (Marked, “Trans.™) On
&-B " Amplihcation Control Switch Determined by
Experience
I8-B " Filament Switch On
I18-B " Amplification Control Determined by

Experience

534-A Panel Monitor Radio Output
534-A ¢ Amplifier Studio
- <~
Input Key 4
{ Marked. “Transmitter™)
334 " Buzzer Key To suit Operator

34-A
34-A

‘I

Radio Sigmnal On
( Marked, "Radio Transmitter™) (Last Key to be Set)
Caution

Unbalanced currents in the two buttons of the microphone may be caused
by opening the microphone circuit with any other switch than the microphone
key on the 81 Amplifier.  This key is shunted by a condenser for the purpose
of protecting the microphone from an inductive kick due to opening the circuit.
The microphone circuit should alwavs be opened by this key before changing
the amplifier input transfer key on the 334-\ Panel or hefore turning off the
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battery supply switch to the 8-B Amplifier on the 330-13 Panel. s a further
safeguard the microphone current should be reduced by turning the controlling
rheostat to minimum position before opening the circuit.  The microphone in
use should never be disconnected by means of the baseboard plug until after
the microphone key is turned otf.  (1f a microphone becomes unbalanced it can
frequently be corrected by shaking it slightly with the current off.)  Observing
these precautions will greatly increase the life of the microphone.

The control room position for the microphone will ordinarily be used only
for short announcements or testing.  The apparatus is set as for the studio
except that the amplifier input transfer key on the 334-\ Panel is set to the
position marked, “Radio Roon.”

3. Broadcasting from Remote Point

For broadcasting a program from some distant point the speech mmput
must conme in over a pair of telephone wires to the control room where it is
again amplified before it goes to the radio transmitter.

The control room apparatus will be set as for broadcasting from the
studio except that the microphone key on the 8B Amplifier will be otf, the
amplifier input transfer kev on the 334-\ Panel will be in the "[Extension”
position, and the input key on the extension panel will now operate the broad-
cast control relay. The artificial line on the extension panel will ordinarily be
in the circuit in order that a sufficiently high volume level on the incoming
telephone lines may be used to minimize the effect of line noises and yet leave
an ample margin for control in the & B Ampliher.

The white Lght marked *Broadecast Studio” no longer indicates when
broadcasting is in progress.

4. Monitoring

Two means of monitoring are provided to assist the operator in properly
adjusting the speech input amplifier. They are the 540-CW Loud Speaking
Telephone and the volume indicator.  The loud speaking telephone is connected
to the output of the 18-B Amplifier which furnishes sufficient power to drive
it. The input of the 1&-B Amplifier may be connected either to the output of
the monitoring rectifier in the radio transmitter or to the output of the &B
Amplifier depending on the position of the monitoring transfer key on the
534-A Panel.  Normally monitoring should be done at the output of the moni-
toring rectifier as a means of judging the quality of the broadcast program.
By operating the transfer kev, however, and listening to the loud speaking
telephone in both positions a comparison of the quality of the program at the
input and output of the radio transmitter is obtained.  When making this com-
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parison it is very important that the volume of sound output irom the loud
speaking telephone be the same on both occasions.  Before making any com-
parison, therefore, the input of  the monitoring rectifier should be adjusted
until its output is at the same level as that of the &3 Amplifier. Tt may also be
pointed out that quality cannot be satistfactorily judged when much reverbera-
tion is present.  Monitoring is necessarily done in the control room and im-
proved transmission may be expected 1f this room is treated acoustically.

The volume indicator is a better guide to proper adjustment of the volume
level of the input to the radio transmitter. . \s already recorded in the table
of current readings on page 33, the hlament current should be adjusted to (93
ampere and the plate current reading on the galvanometer to 3 scale divisions
by means of the grid voltage potentiometer while there is no input to the unit.
The level measuring switch and kev must be set according to a predetermined
fevel at which the program is to be supplied to the radio transmitter and the
volume adjusted by the amplification control on the 8B Amplifer.  This level
should be 2 to 4+ TU below the level that causes the modulator grid current
meter on the panel of the radio transmitter to show a tendency to move,  Cur-
rent indication on this meter 1s a sure sign of overloadmg,

During broadeasting the volume indicator galvanometer needle will follow
the fluctuations of the program currents and for the louder tones should reach
a deflection of 30 divisions but should rarely go over 30, Smaller deflections
may be disregarded.  These results will usually e obtamed by an experienced
operator with one adjustiment of the amplification control of the 813 Amplifier
for each number. It is ordinarily undesirable to change the amplification ad-
justment during a number as this mmpairs the expression of the artist, how-
ever, slight adjustments may be necessary during numbers in which unusually
loud or faint passages are rendered.

C. OPERATING ROUTINI
ROUTINI PRIOR TO [ 0CH BROADCASTING PERIOD

1. Check the current balance in the nucerophones (the Nos. 387-W and
373-W Transmitters) and the adjustments on the No. 18- Amplifier and No.
R-B Amplifer.  Make sure they fall within the operating limits given in the
table.

2. Check the adjustments on the No. 0-\ Radio Transmitter making sure
they fall within the operating hmits given in the table on page IR

3. Check the position of all switches and kevs on the Speech Input Equip-
ment.  Make sure they are set in accordance with the table on page 30.

4. Obtain a copy of the program.  This will be of value in adjusting
the amplification control potentiometer on the No. &3 Amplificr and in the
veneral operation of the set.
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ROUTINI: DURING PROGRAM

1. Watch continuously all the meters connected permanently in the circuit
to see that the operating currents or voltages remain within the preseribed
limits.

2. Check the microphone currents every half hour or so. Whenever pos-
sible, this checking should be done during the intermission between numbers
when the amplifier is disconnected from the radio transmitter.

3. Check the heating of the motor-generator sets  (especially at the

bearings) every half hour.
D, RADIO RECENNING OUTEIT

1. 6204-D Radio Receiving Outfit

The No. 4-D Radio Recetver should always be operated with the panel in
the vertical position, as shown on page 121, This is important because the No.
215-\ Vacuum Tubes used in this radio recetver are not imtended to be operated
m the horizontal position.

To put the radio receiver in operation close battery supply key on 330-13
Panel, press the panel lock buttons on the sides of the cabinet and then open
the panel sufficient]ly to view the vacuum tubes. Now turn the flament rheostat
knob from the "OFIT position in the direction indicated to increase current,
The rheostat should be turned only until the filaments of the tubes Light to a
vellow-red.  Close the panel and proceed with the tuning.

To tune the radio receiver to a particular station, set the "AMPLIFICA-
TION CONTROL"Y, at 9. Turn the two point antenna switch on the No. 2-1
Tuning Unit to the "UNTUNIED™ position. Turn the other two point switch
on the tuning unit to the frequency range over which reception is desired.  Now
set the pointer of the coupling knobs at maximum and slowly turn the tuning
and oscillator condensers of the radio recetver. The tuning condenser should
be turned so that the pointer advances over the scale only a few divisions at a
time.  For every setting of the tuning condenser the oscillator condenser should
be turned so that the pointer passes over a considerable number of scale divi-
sions,  After the signal has been obtained, turn the two point antenna switch
to “TUNED™ position and then turn the antenna tuning knob on the tuning
unit until maximum signal intensity s obtained.

The selectivity can now be improved by reducing the coupling, and the tun-
ing can be refned by readjusting the two condensers on the radio receiver and the
antenna tuning knob on the tuning unit.  This is important in order to secure
good quality of reception. Do not attempt to reduce the volume by manipula-
tion of the condensers.  This will throw the receiver out of tune and will im-
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pair the quality of reception.  The receiver should always be tuned as ac-
curately as possible, and the volume should be controlled by means of the am-
plification control switch. Raising the setting of this switch increases the
amplification of the recetver.

After the receiver is in operation and reception is satisfactory, the filament
rheostat should be turned back to a point at which a change in volume occurs.
It should then be advanced about 30 degrees to msure operation well above the
point effecting volume. It operated lower the quality may be seriously im-
paired.

This recetver 1s not designed to operate a loud speaker without the use
of an additional outside stage of amplhihcation.  To obtain a given volume from a
loud speaker when the receiver is used in conjunction with a monitoring amplifier
it is preferable to utilize all of the amplification available from the monitoring
amplifier and only a portion ot that available from the radio receiver rather
than utilize only a portion of the amplification available in the monitoring
amplifier and all the amplification available in the radio receiver. This method
of operation improves the quality of reception as it prevents needless overload-
ing of the detector and places the heavy load on that portion of the combination
designed to carry it.

When the outfit is not in use, the Alament rheostat knob should be turned
to the “"OFF” position 1 order to conserve the life of the batteries and the
vacuum tubes.

The adjustment of the 20-A [Filter must be made while the station is broad-
casting or while its carrier wave is being transmitted.

To adjust the flter, tune the receiving outfit to the frequency of the station
at which 1t is being used. Tt will probably be necessary to use the minimum
sensitivity obtainable in order to avoid overloading the receiver.  Place the
antenna switch of the tuning unit in the untuned position and use a moderate
amount of coupling.  Loosen the locking screws which are located in the slots
cf the dials (See page 133) and listen, by means of the headest, to the out-
put of the radio receiver. The dial. adjacent to the ground terminal, should
now be turned by means of a screw-driver inserted in the slot in the center
until the interference from the associated station is reduced as much as pos-
sible.  Repeat this procedure with the other dial until the interference is at a
minimum, then lock both dials in place by tightening the locking screws.

This flter unit requires no manipulation during reception because it 1s
permanently adjusted to the correct wave length at the time of installation.
11, however, a change 1s made in the operating wave length of the broadcasting
station at which it is used, or if the receiving antenna is altered. it will generally
be found necessary to change the adjustment of the filter.
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2. 6004-C Radio Receiving Outht

The No. 4-C Radio Receiver should always be operated with the panel
vertical as the No. 215-A Vacuum Tubes used in this radio receiver are not
intended to be operated n a horizontal position.

To put the radio receiver in operation, open the panel (by pressing the
buttons on the sides of the cabinet near the top) sufhciently to view the vacuum
tubes and turn the filament rheostat knob from the “OIE" position in the di-
rection indicated to increase the current.  The rheostat should be turned only
far enough so that the hlaments of the tubes light to a vellow red.  Close the
panel and proceed with the tuning.

To tune the radio receiver to a particular station set the “Intermediate
IFrequency Amplifier Switch™ at 27 and the " Amplification Control™ at 3"
Turn the two point switch on the No. 2-A Tuning Unit to the contact marked
A", This makes the primary circuit aperiodic.  Then set the coupling knob
at maximum and turn the tuning and oscillator condensers of the No. +-C
Radio Receiver slowly.  The tuning condenser should be turned so that the
pointer advances only a few graduations at a time.  [For every setting of the
tuning condenser the oscillator condenser should be turned so that the pointer
passes over a considerable number of graduations m order to find both settings
of the oscillator condenser.  After the signal has been obtained, turn the switch
on the No. 2-A Tuning Unit to the contact marked I and turn the primary
tuning knob on the tuning unit until maximum signal intensity is obtained.
Now reduce the coupling, as this improves the selectivity and the tuning may be
refined by readjusting all three condensers.  This 1s mportant if good quality
15 desired. Do not attempt to reduce the volume by manipulation of the con-
densers. This will throw the receiver out of tune and impair the quality of
the reception. The radio receiver should always be tuned as accurately as pos-
sible and the volume controlled as explained below.

The volume may be controlled by varying the intermediate frequency am-
plification.  One or two stages ot intermediate frequency amplification may
be employed as desired by setting the “Intermediate Frequency Amplifier
Switch” at 17 or 27 With the switch set at 27, the volume will be con-
siderably greater than with the switch set at 17, A\ fAner regulation of volume
can be obtamed by adjustment of the “Amplification Control”.  This finer
regulation operates when emploving either one or two stages of intermediate
frequency amplification.  To avoid the possibility of overloading it is advisable.
whenever possible. to operate with the Frequency Amplifier Switch at 17
rather than at 27,

The headset is provided with a cord and a plug which may be inserted
cither in the jack marked “"DET" or the jack marked “OUT”. 1f the plug is
inserted in the jack marked "DIZT", the stage of audio frequency amplification
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15 cut out and the volume of sound will be considerably less than it the plug is
mserted 1 the jack marked “OUT™.

To obtain a given volume from a loud speaker when the receiver is used
in conjunction with a monitoring amplifier it 1s preferable to utilize all ot the
amplification available from the monitoring amplifier and only a portion of that
available from the radio receiver rather than utilize only a portion of the
amplification available in the monitoring ampliher and all the amplification
avallable in the radio receiver.  This method of operation improves the quality
of reception as it prevents needless overloading of the detector and places the
heavy load on that portion of the combination designed to carry it.

For filter adjustment instructions see page 40.



CHAPTER 171
MAAINTLENANCEE

Ifor best operation the 106-.\ Radio Telephone Broadeasting  quipment
must be kept irce from dust and dirt.  Thgh pressure aiv is recommended for
cleaning the apparatus inside the enclosures, but a soft clean cloth can be used
with good results.  Waste and oily cloth should never be used.  Lemon oil
is recommended as a polish for the front of the panel units. It should be used
sparingly and wiped oft with a clean cloth.

A DALY ROUTINIE

1. As far as possible, anticipate tube failures and make the required
tube replacements. Tube fatlure may be guarded against to some extent by
keeping a record of the length of time the tubes are in use and by observing
the conditions of the elements contained inside of the tube. The plate or grid
may have become warped or the filament may have sagged, due to excessive
heat, in such a manner as to increase the prohability of these parts short-circuit-
mg while the apparatus 1s i operation.

2. Check the specific gravity of the sterage batteries and recharge when
necessary. The various makes of batteries should be charged according to the
mstructions furnished by the manutacturer of the battery i use. ( See page 50.)

3. Clean the commutators of the high and low voltage generators with a
rag to remove oil and dust. This will help to keep the generator noise at a
minimum.  Caution: Be sure there is no voltage on these inachines at this
time.

4. Clean the oil and dust from the motor-generator set.

B IWEEKLY ROUTINIE

Once a week the following routine should be followed in addition to the
daily routine:

1. Clean the commutators of the high voltage and low voltage generators
with fine sandpaper, applied lightly. Do not use emery cloth or crocus cloth
for this purpose.  Wipe dust and grease off the brush holders, especially on
the high voltage generator.  Be sure there is not voltage on these machines at
this time.

2. Wipe dust and dirt off all exposed apparatus.  This includes the motor
generator sets, the radio receiver, the speech input equipment and its meters,
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and the radio transnutter together with the apparatus and meters mounted on
it.  Bellows should be used to blow out all inaccessible places.  Many cases of
trouble will be prevented by keeping the equipment clean.

3. Inspect the condition of the brushes on the motor-generator sets and
replace when necessary.  The brushes should be replaced when they have been
worn so short that there is danger of the brush spring resting on the brush
holder.

4. Check the voltage of the plate battery used on the No. 18&B Ampli-
fier, the No. & B Amplifier and the radio receiver. 11 the voltage of the radio
recciver battery is allowed to fall much below 40 volts, the quality of the speech
or music may be impaired.

5. Test the voltage of the “C7 battery of the No. 18D Amplifer. I
the voltage measures less than twenty-four volts, the battery should be replaced.

Test the voltage of the “C"” battery of the No. 8B Amplifier. It the
voltage measures less than twenty-four volts the battery should be replaced.

6. Check the lubrication of the motor-generator sets, and make sure that
the oil rings rotate properly.  Any good grade of machine oil may be used.

7. Check the store of tubes and other spare parts.  Have all spares read-
ily accessible and clearly classified. Tt is important to permit no confusion of
serviceable and unserviceable material.  Such confusion may cause unneces-
sary delays in broadcasting at the time trouble arises. .\ list of spare parts
furnished with the equipment will be found under the heading “SPARE PART
FEQUIPMENT" page 63.

& Inspect and clean strainers in water system.
C. ADDITIONAL ROUTINE

Once a month test all nuts, bolts and screws and tighten loose ones if any
are found.  Also check connections and if any loose contacts are found tighten
or resolder them. Cases of trouble can often be prevented by such tests.

Two or three times a year lower the antenna and clean the dust, dirt and
soot off the insulators. Inspect contacts and tighten the nuts and bolts, if any
are used on antenna fttings. It is important that the antenna insulators should
be cleaned periodically, especially in locations where there is much smoke in the
air.  Where smoke exists, soot collects on the insulators and produces high
resistance ground leaks which will reduce the radiation efficiency of the station.

D. 100--4 CONDIENSERS

The best treatment for the 100-A Condensers is to not disturb them any
more than 1s absolutely necessary and if they are operated at normal tempera-
tures at their rated voltage, little or no maintenance is required. However.
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abnormal conditions may, in certain cases, occur so that some attention 1s re-
quired.

The oil above the condenser fluid should remain clear and the aluminum
plates at the terminals where they emerge from the liquid should remain clean
and free from corrosion.

Corrosion of the positive plates is the most serious trouble that may de-
velop. Tt may be recognized by the appearance of a gray flaky growth on the
corrugated electrode under the condenser Huid, particularly on the positive
plate supports just below the oil line.  When the growths are down between
the plates where they cannot be scen readily, the corrosion is sometimes de-
tected by a grayish deposit of material that breaks loose from the corrosive
growths and collects in the bottom of the glass jar.

When corrosion appears in a condenser nothing should be done unless the
fuse blows with which the condenser is connected in the circuit.  Provided
the fuse does not blow, a corroded condenser performs satisfactorily from a
circuit standpoint and actually has greater capacity than an uncorroded unit.
It would not be uncommon to obtain more than two vears service from a con-
denser after it has started to corrode. Tf the fuse blows, however, a short
circult has occurred in the condenser which it 1s necessary to remove  To do
this the electrode should be withdrawn through the oil raising the lid as in-
structed in connection with renewing condenser Huid.  1f the short circuit has
been caused by the accumulation of corrosion products between the plates fore-
ing the positive plate into contact with the negative, the corrosion should be
removed between the plates with a clean metal (preferably of aluminum) or
olass rod.  Then the position of the positive plate should be adjusted so that it
hangs free from the negative,

NOTI: The corrosion products are of themselves non-conducting and a
short circuit can be caused only by the positive electrode actually
touching the negative.

If the short circuit has been caused by the positive electrode supports be-
mg eaten through allowing one end of an clement to drop and short cireuit
against the cross-piece of the negative electrode assembly, the remaining sup-
port of the affected electrode must be cut oft above the oil with a pair of shears
and the entire element removed from the condenser assembly.

NOTIz  The reduction in capacity caused by the loss of one electrode is
oftset to a great extent by the increase in capacity which normally
occurs m a corroded condenser.

Jefore the electrodes are put back in service they should be rinsed thor-
oughly in distilled water or condenser fluid and placed back in service using
fresh fluid and oil.
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Precautions should be taken to keep the hole in the cover plugged with a
cork and have the groove of the cover set properly over the rim of the glass jar,
the paraffin in the groove maintaining a seal.  Unless the air space above the
oil is sealed to prevent air circulation, salt crystals from the evaporation ot
creeping condenser fluid will form on the supports above the oil. This white
salt growth, which may appear on either the positive or negative plate supports,
is harmless and must not be confused with the injurious gray corrosive growth
which, when it occurs, appears only on the positive plates and only below the oil
layer.

The condenser must operate only on direct current circuits and at not more
than its rated potential of 33 volts.  1f the condenser is allowed to remain dis-
connected from the circuit for more than one week, there is danger that the film
on the positive plate may deteriorate. 1 it becomes necessary to disconnect the
condenser for periods of more than one week, it 1s desirable to keep the film in
condition by connecting the condenser across a circuit of normal operating
voltage for one or two hours each week that the cell 1s out of service.

Observe the color of the condenser Huid occasionally. Tt should be clear
and 1ts level should be about 34”7 above the aluminum plates. When the color
of the uid turns from clear to a hazy or milky white during operation it is an
indication that the fluid should be renewed.  This condition should occur only
after considerable use and when it is noticed a period of theree or four months
can elapse without injury to the condenser before the fluid is renewed.  How-
ever, it 1s advisable to renew the fluid as quickly as convenient, particularly dur-
g the summer months.  Because of the more favorable conditions under
which the condenser fluid can be shipped. it is advisable, in general, to renew
the fluid during the summer months rather than during the winter.  When
condenser fluid is received which has, in all probability heen exposed to freezing
temperatures in shipment, it is necessary to make sure that the salts that have
crystallized out are dissolved back mto solution before the fluid is used.  For
this reason, the solution should be warmed up to room temperature (707 19
to 1007 1¢ 1s satisfactory) and vigorously shaken before opened.

Condenser fluid is shipped in glass containers and may be stored in these
containers for extended periods without deteriorating provided the containers
are kept tightly corked and not subjected to extreme temperatures.  The fluid
should not be used after the date stamped on the Tabel of the shipping container.
Instructions for using condenser fluid are given on this label.

The fluid shovld not be stored in metal contaimers under any circumstances.

When necessary to renew the condenser fuid the following materials are
necessary.

Three gallons of fresh condenser Huid.
Fresh supply of o1l for protecting laver.
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Abundant supply of fresh rinsing water.
Supply of clean cloths (not waste).

One alumimum funnel.

One cork stopper.

All of the above except the rinsing water and clean cloths may be obtained
by ordering
One 1-A Condenser Filling Unit”

tor cach condenser in which it is desired to renew the fluid.

The process of renewing the fluid is as follows:

After disconnection from the circuit, remove the electrodes from the cell
by raising the porcelain cover and drawing the electrodes through the oil. The
cover rests on parathn and it may be necessary to tap the lid gently upward
to loosen 1t. This should be done carefully, using a small wooden block to
absorb the impact of the light blows.

Rinse the electrodes thoroughly with clean fresh water: and when the
greater part of the oil that adheres to the clectrodes has been removed, rinse
nnally with condenser fluid (use not more than 1 quart). The most favorable
results can be obtained in rinsing by grasping the porcelain lid to which the
clectrodes are fixed, and holding the aluminum electrodes under a faucet, let-
ting cold water flow freely over the aluminum surfaces. The final rinse with con-
denser fluid can be done by pouring the rinsing liquid over the aluminum plates
from a clean glass, porcelain or aluminum cup.  After the final rinse, the clec-
trodes may be set aside to dry. DO NOT USI: SOAP IN CLIEANING THI:
LLECTRODES OR THE GGILASS JAR.

Pour the old condenser fluid and the ol from the glass and wash the jar
inside and out with water (hot water preferably) using a clean cloth as a swab
to remove the oil.  Rinse with water and rub the jar mside and out with a clean
dry cloth.  Then rinse thoroughly with fresh water and complete the rinsing
with about one quart of condenser Huid.  Permit the jar to drain thoroughly
by inverting, but do not dry with a cloth after the final rinse. I the cell is
to be placed m dry storage, distilled water mstead of condenser thnd should
be used for rinsing and the cell should be protected from dust and dire during
the time it 1s stored.

The condenser fluid is supplied 1 glass containers.  Remove the bottles
from their cases and clean the outside thoroughly with a cloth before pouring
out any of the luid.

When the jars and clectrodes are dry, Rl each jar with condenser fluid
to the bottom of the black line on the jar. The fresh condenser Huid when
poured from the container should be clear and colorless. Precautions should
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be taken to prevent dirt being blown into the fluid while the jars are being
fAlled.  Tf any small particles are floating on the surtace of the fluid, remove
them with the stem of the funnel which is supplied for pouring oil mto the
condenser.

Place the jars in their permanent position with the level marks in view.
Lower the electrodes carefully into the fluid so as not to wet the terminals
above the fluid surface. Raise and lower the electrodes carefully several times
to thoroughly wet the immersed portion with the Huid.  Make sure that cach
cover is seated evenly on the parafim packing ring.  The level of the condenser
fluid should be 547 above the condenser plates and approximately even with the
top of the black line after the electrodes are immersed.

Colorless mineral oil is furnished with the set of renewals, each container
holding enough for one condenser.  After the electrodes are immersed, the laver
of oil approximately 457 thick, is carefully poured on the top of the condenser
fluid and the cork htted snugly into the hole. Tt i1s desirable to coat the cork
with paraffin by using a hot soldering iron to melt a small piece of parathn or
wax placed on top of the cork. The condensers are now ready to be connected
mn the circuit, the positive lead to the terminal of the condenser marked + and
the negative to the terminal marked —. In a battery room, the terminals of
the condensers should be painted with acid resisting paint after the connections
have been made.

In case of damage by accident, the following parts, complete, may be ob-
tained (no other combination of parts should be ordered) :

Glass Jar for 100-A Condenser
Electrode and Cover Assembly {or 100-\ Condenser.

[s. RELAYS

[Experience has shown that dirty contacts constitute one of the chief sources
of relay trouble due to dust collecting on the contacts in spite of the individual
or group covers.  Abrasives, such as fine files or emery cloth should never be
used on contacts.  In cases of badly pitted contacts crocus cloth may be used
but the contacts should be cleaned as outlined after such use.

For cleaning contacts a small quantity of carbon tetrachloride of highest
purity and some hard wood tooth picks, flat on one end, are required. A drop
or two of the liquid should be deposited on the relay contacts, they being held
slightly separated.  The point of a tooth pick may be used for this purpose.
The flat end of the tooth pick should then be dipped in the liquid to a depth of
about one quarter of an inch and rubbed back and forth two or three times
between the contacts which should now be closed with a slight pressure on the
flat sides of the tooth pick. The liquid will soften any deposit that may have
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collected on the contacts and the rubbing will remove 1it. Then with the con-
tacts again held slightly open they should be tlushed with a little of the liquid
taken up on the clean point of the tooth pick (not the end used for rubbing).
This will wash off any loose particles that remain.  The tooth pick should not
be reused for cleaning another sct of contacts, otherwise the deposit removed
from one contact might be left in the liquid and later deposited on the other
contacts.  Care should be taken to keep the liquid from coming in contact with
the rubber studs or insulators as far as is practicable as carbon tetrachloride has
an injurious cftect on rubber it applied frequently.

The tools necessary for maintaining "B and "K' type relavs together
with their application and ordermg information of cach, are noted herein tor
the customers information.

Tool #2065—Ior cleaning and burnishing contacts of relays and jacks.

Tool #259—Tor adjusting relay springs.

In using this spring tensioning tool the slot in the end of the tool should

be slipped over the spring to be tensioned near its front end and then slid back
about 4 to V5 inch from the heel of the spring.  In this position a slight turn
to the lett or right will increase or decrease the spring tension.  lxcessive turn-
ing of the spring tensioning tool should be avoided. sinece such practice is apt
to disturb the tension of adjacent springs and particularly in the case of springs
adjacent to the armature, to bend the armature hinge plates.

Other tools which will be found of use in connection with speech input
maintenance are the following:

Tool #116—For removing #2 Type Signal Lamps,

Tool #146—For removing #2 Type Lamp Caps.

In order to assure unretarded action of the valves of the Type Q) Time
Delay Relays it is recommended that Neatstoot Ol be applied to the bellows
once every three months or oftener 1f necessary.

[ CARIE O STORAGE BATTIERIES

[nspection tests should be made to determine when the .\ and "B bat-
teries need recharging, and when they need additions of water.

ALL BATTERIES SHOULD BE CHARGED AT LEAST ONCE A
MONTH WHETHER OR NOT THEY HAVE BDEEN SUBJECTED TO
ANY DISCHARGE.

To determine the condition of the battery. readings of the specific gravity
in pilot cells should be taken with a hydrometer.  One cell in the flament bat-

tery, and one cell in cach of the 13 sections of the plate battery should be
selected as pilot cells.
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CHARGING RATLES

Charging Rate IFully Charged
Type “A” Battery Specific Gravity
FXT-13 9 Amperes 1275
1.X1.-9 O Amperes 1275
LX1.-3 3 Amperes 1275

"B Battery
ILR-2 S Amperes 1200

The signiticance of the specihe gravity readings is shown by the following
table:

AT Battery "B Battery
Tyvpe LN Lvide  Tvpe LR ILxide
Full capacity available 1275 1200
34 " " 1250 1175
e " o 1225 1150
P a " 1200 1125
Fully discharged 1175 1100

In order that the batteries shall he kept i readiness to give satisfactory
service, the various batteries should be recharged whenever the specific gravity
of their respective pilot cells reaches 1225 for the Type 1N Exide or 1130 in
the case of the Type LR Exide.

The batteries may, of course, be completely discharged, if the equipment
has to be used so steadily that there s no opportunity for charging them betfore
this condition is reached.  In such cases, the batteries should he recharged as
soon as possible.

Add distilled water preferably just before a charge, but often enough to
keep the plates covered at all times.  Add slowly and carctully, bringing the
clectrolyte well above the plates but not high enough to touch the lower end of
the flling tubes.  Particular attention should be given to the pilot cells, in which
the level of electrolyte should be kept approximately constant at all times.

Enough clectrolyte should be drawn into the barrel of the hydrometer
syringe to float the hydrometer, but it should not touch the side or top of the
barrel. Return to the cell all of the clectrolvte withdrawn for a reading. Do
not read immediately after adding water or before the water 1s mixed in by
charging. The specific gravity of the clectrolyte will rise during charge. Gas-
sing will start after the cells are partly charged. and will become particularly
noticeable toward the end of the charge. The specific gravity of the electrolyte
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in the cells should be read periodically during the charge, which may be con-
sidered complete when the reading shows no increase for two or three consecu-
tive hourly readings.

Once every six months, the specific gravity of all the cells should be read
after a full charge.  1f any cell of the "\ battery reads below 1235, or differs
by 30 points or more from the others, a further charge should be given to the
battery, continuing until the Tow cells show no further rise. It any cell con-

“

tinues to show a difference of 30 or more points from the others or still remains
below 1235, special attention at a service station may be required.

In the case of the "3 battery, if the inspection mentioned discloses any
cell with a specific gravity below 1150 a further charge should be given until
the low cells show no further rise. 11 any cell still remains below these respec-
tive higures, special attention at a service station may be required.

Keep batteries clean and dryv.  Frequently wipe off all parts of the batteries
and the rack with a rag moistened with bicarbonate of soda solution to neutra-
lize any electrolyte that may collect.

Keep all filling plugs tightly in place except when adding water or taking
specific gravity readings.

Keep connections clean and tight.

Never bring a lighted match or other exposed flame near batteries,

Never allow metals or other impurities of any kind to get into the cells.

[f battery is installed in a cabinet or closet, keep this ventilated when
charging.

Melted vaseline should be applied to all battery terminals with a brush, to
assure a thin coating, and prevent the accumulation of corrosion and verdigris.
The batteries should be wiped clean frequently and the vaseline renewed.
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CHAPTER VI
LOCATION O TROUBILI

If routine maintenance tests are made regularly and carefully, very few
cases of trouble will occur.  However, when trouble does arise, the one thing
that counts for most is experience. To the new operator, simple troubles are
often baffling,
operator may spend hours hunting for a simple case of trouble the first time

while to the experienced operators, the cause is obvious.  An

it occurs and ind it immediately the second time it occurs, [t is simply a case of
recognizing the relation between etfect and cause.

These suggestions of the location of trouble are written primarily for the
person who operates the equipnient for the hrst time. s experience in operat-
ing the equipment accumulates, the operator will become more and more able
to immediately recognize from the svmptoms the cause of the trouble and will
have less need for these suggestions.

It is not possible to anticipate every case of trouble that may arise and to
provide a plan for its location. It is our purpose, however, to make certain
weneral suggestions which will be of aid in every case of trouble and to give a
few examples of the application of these methods which we hope will suggest
the proper procedure in the cases ot trouble that are bound to arise from time
to time in spite of the most vigilant maintenance.

Troubles in the 106-\ Radio Telephone Broadcasting Equipment will
usually be found due to improper operation ot some of the switches, keys or ad-
justments and the first thing to do in all cases of trouble is to carefully inspect
the adjustments of all of the circuits.  After this it 15 well to eliminate any
units that are not operating properly. Currents in the circuits provided with
jacks should be within the limits as shown on page 35. Tf the trouble is not
readily found, a more thorough test of the units must be made.

In most cases a search for trouble can best be made by 1solating the part
which functions improperly from those parts which operate in a normal manner.
1t is usually best to start with the power supply and work out.  Obviously the
search must be made systematically. the best method being the process of elimi-
nation.

Do not use a buzzer in checking amplifier ¢ircuits because of the danger
of magnetizing the coils which would result in impairing the quality of trans-
mission.  The use of a high resistance telephone m series with a flashlight
hattery serves to indicate circuit continuity. In this connection care should be
taken to distinguish between the click of the receiver when the contact is first
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made (duc to capacity effect) and the click due to the passage of current as
the circuit opens and closes.  The former usually occurs only on the first mak-
ing of the contact. Subsequent contacts result in weak clicks.  When the source
of the trouble is located in one or two or more interconnected circuits, each of
these may be tested separately by temporarily disconnecting it from others.  An
electrical soldering iron will be found convenient for such temporary circuit
changes.

If the cause ot the trouble is obvious no suggestions are needed.

If the cause of trouble is ot obvious it is of utmost importance that the
search be made systematically. It is generally possible to immediately isolate
the trouble, that is, to locate it in some one unit of the equipment such as the
motor-generator, the radio transmitter, the radio receiver, the speech input
equipment, the studio signal and control equipment or the microphone.  Fre-
quently it is possible to still further isolate the trouble, as for example in the
radio transmitter, it is possible to determine whether it is in the oscillator,
modulator or speech amplifier circuits; or in the motor-generator set whether it
13 in the motor, the low voltage generator or the high voltage generator.  De-
fore starting on any elaborate set of tests, check the position of all keys and
switches and make sure that they are in the correct position.

Ao TRANSMITTIEER
1. Overloading

The margin of safety in designing the 6-\ Radio Transmitter has been
made ample to allow for the proper and continued operation of this equipment
at the rated power output of 1 KLW. It should be realized, however, that the
imstantaneous power output during modulation is considerably greater than
1 KIZW. To allow for the power peaks during modulation the water cooled tube
has been accordingly made sufficiently rugged to deliver several kilowatts.

It is apparent that the greatest precautions must be used to prevent over-
loading the transmitter in order to assure continuity of operation and a high
order of transmission.  The degree of freedom from trouble, to be enjoyed, is
dependent directly upon the care taken in closely adhering to this condition.

Fuse protection throughout the transmitter allows for promptly locating
such troubles as may arise and through intimate knowledge of the various cir-
cuits the operator may reduce interruption in programs to a minimun.

2. Reduced Radiation

Reduced radiation, indicated by reports from radio histeners, if accom-
panied by reduced antenna current, usually indicates that connections in the
antenna lead or ground have corroded introducing a high resistance in the an-
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tenna ground system.  Inspection ol all contacts in this system should be made
and imperfect contacts elinmnated.

Another cause of reduced radiation is soot coated msulators which pro-
vide high resistance paths between antenna and ground.  The antenna should
be lowered and the insulators cleaned or replaced.

i reduced radiation is unaccompanicd by change in antenna current it is
probably due to a seasonal or atmospheric condition which will eventually right
itself.

B. SPEECH INPUT EOUIPMENT

1. Amplifiers

The troubles most commonly encountered in amplifiers are noise in the
singing. In most cases these

.

output, either regular or intermittent, and
troubles can be traced to the grid bias batteries, commonly known as “C7 bat-
teries.  When these batteries are low in voltage, the plate current in the tubes
is generally excessive but it 15 wise to remove all batteries from the battery box
and check each one separately with the portable voltmeter furnished with the
equipment.  Investigate the possibility of a poorly soldered connection between
the brass spring contacts and zine shells of the batteries as intermittent noise
is sometimes traceable to this cause.  Batteries which show reduced voltage
should be discarded and replaced by new ones. It 1s advisable to polish the con
tacts of the batteries before inserting them in the battery box.

Troubles which occur less frequently are open circuits, short circuits and
loose connections ; symptoms of these troubles depend largely on their location.
Open circuits and short circuits usually can be repaired very easily when they
are located. The case with which they are located depends largely on the
operator’s experience in tracing trouble i apparatus of this kind.  The best
procedure is to use the circuit diagrams of the apparatus unit in question as a
guide in tracing the trouble to its source by the process of elimination.  Testing
can best be done by using a high resistance telephone receiver in series with a
Aashlight battery for determining the continuity or discontinuity of circuits,
If the trouble appears only when using the meters, it may be that “opens” have
developed in the meter cords where they enter the plugs or elsewhere.

Loose connections are usually more difficult to locate because at the time
of the test, they may be making momentary contact.  They can frequently be
detected by moving the wiring back and forth while listening to the telephone
receiver.

Noises are often traceable to loose or high resistance contacts on the low

o

voltage batteries commonly known as “\" batteries. These contacts should

receive regular inspection.
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Occastonally noise from the amplhicr manifests itself in the form of a
steady hum or other rueglar sound.  This 1s often traceable to inductive inter-
terence from the power lines or clectrical machinery.  Ordinarily it is picked
up by the microphone circuits and in this case may be readily isolated from
the amplifier.  Interference of this nature may be climinated by proper shield-
mg and grounding.

Intermittent interruption of plate or Alament current in the vacuum tube
circuits may indicate poor tube contacts.  Remaove the tube and polish the
spring contacts with hne sandpaper and if necessary bend up the contacts in
the socket to improve the connection.

One form of amplifier noise, due to vibration of the elements of the vacuum
tubes through acoustic or mechanical coupling, is known as “microphonic ef-
fect™. It 1s occasionally observed when the monitoring loud speaker is operated
at a high level when close to the tubes.  When excessive mechanical vibration
is transferred to the tubes some form of cushioning should be emploved to re-
duce 1t.

2. Signal and Control Circuits

Trouble in these circuits will often be indicated by the failure of a lamp to
light properly.  This may be due to a burned-out tilament, or it may be a bad
spring contact on one of the keys. By operating the kevs and studving the
circuit, the trouble can usually be located. 11 the trouble seems to be in one
of the keys it may be found by operating the kev while watching the contacts.
The trouble should be definitely located before any change is made as a changed
connection is often very hard to hnd.

Note that the large
0045-A Telephone Set are used in series with the relay on the 534-\ Panel
which connects the &-B Amplifier to the radio transmitter so that if they burn

.

“Broadeast™ lamps on the 334-\ Panel and on the

out it is not possible to operate this relay through them.

3. Radio Frequency Feed Back

One particularly baffling trouble manifests itselt as “singing™, which is a
sustained high pitched note, audible at the output of the & B Amplifier, the radio
transmitter or any receiving set. This radio frequency feed back occurs only
when the radio transmitter is operating in conjunction with the speech input
equipment and in extreme cases 1t may trip the circuit breaker in the plate cir-
ctiits of the transmitter.

Singing is caused by insufticient or defective shielding, grounding or both
in the microphone or interconnecting circuits. It usually shows itself at the
time of installation rather than later but if 1t arises suddenly it is probably
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