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TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

SAFETY WARNING - ALWAYS OPEN SAFETY DISCONNECT
SWITCH S3 NEAR LINE TUNING COIL L6 BEFORE TOUCH-
ING TAPS ON COIL L6 OR TRANSFORMER T1.

APPLICATION

The type GO transmitter-recelver was
designed primarily for carrler current relay
operation. The relay clrcults are arranged so

that carrler 1s transmitted over a line section
to prevent the tripping of breakers on external
faults. All the carrler equipments on a single
line section operate at the same carrier fre-
quency so that when any one or more transmitters
are energlzed, all of the recelvers respond.

Besldes relaylng, the carrier channel
may also be used for one other of the followlng
services: telemetering and automatic load con-
trol, remote tripping, supervisory control, or
volce communication. The connections of the ad-
ditional equipment required for these services
are such that the carrler relays always have
control of the channel. The carrier sets are
equipped with a plug jack outlet into which a
telephone hand set may be plugged for point-to-
point volce communication.

CONSTRUCTION AND OPERATION

The type GO carrier transmitter-re-
celver components are mounted on a vertical
panel (figures 1 and 2) and housed in a weather-
proof cabinet for outdoor mounting. The sets
are ldentified as follows:

Style #867386 for 100-150 volt d-c. power supply
Style #867387 for 200-300 volt d-c. power supply

These sets contaln all the component
parts necessary for converting d-c. power 1into
carrier frequency power (50 to 150 kilocycles)
for transmission, and also for converting rg-
celved carrier frequency power 1into d-c. for
relay operation. The transmitter-recelver Gnit
welghs approximately 95 pounds.

The vertical panel 1s approximately 12
X 32 1Inches and 1s hung by trunnions on, gthe
right-hand side. It may be swung openor com-
pletely removed from the cablnet as/desired.
Looking at the front of the paned the various
Instruments and dlals are identifiled &y Tnddwvid-
ual name plates and on flgure 1 by numbers which
deslgnate the component parts 1n4 the wiring
dlagram, filgure 3, and throughoutdthejptext. -

Two shelves extend from the’ rear of
the vertical panel, one near the)top and the
other near :the bottom. A shield panel connects
the two shelves and separates ®the transmitter
section on the left side of thejpanel, figure 2,
from the receilver sectilon'on the right side of
the panel. The location ofmthe various compon-
ents mounted on thel rear of, the panels are shown
in figure 2. The arrangement of parts provides
good heat distribution and’accesslbility as well
as the necessary electrical shielding.

A complete discussion of the operation
of vacuum tubes 1n the transmitter-receiver cilr-
cults 1s beyond they, scope of thls book and the
reader 1s 4nvited to consult one of the many
radlo text books 1f a discussion of the prineci-
ples 1nvolved'ids desired. Those who are suffic-
lently interested to pursue such a study will
find thaty,the circults 1nvolved in this trans-
mitter=pecelver are conventional and that so far
as possible they have been simplified by the
omissiontof all wunnecessary components. The
Colpitts oscillator circuilt 1s so proportioned
that one-half of the high frequency voltage out-
put) from the plate of the tube 1s coupled back
to%the grid for excltation purposes. Since

there 1s no d-c. blas voltage appllied to the os-
clllator tube under .transmission conditions, an
appreclable amount of grid current flows wnille
this tube 1s oscillating. However, the same
grid excitation voltage applied to the amplifier
tubes causes a negliglble amount of grid cunzent
because of the flxed d-c. blas provided. The.
amplifier tubes are, therefore operating 1n the
mode described as Class A operation. It 1synot
necessary for the users of thils equipment to be
thoroughly familiar with the operation of this
circult, but such a knowledge will aild in gecur-
ing the best possible operation. Those princil-
ples which 1t 1s considered essemtial that the
user understand are described in /thegdd@ppropriate
section of this book.

The type GO transmitter=recelver con-
nections are shown schematigallyyin figure 3. A
single oscillator tube V1 ()18 used to generate
carrler frequency voltage, which 1s amplified
elther by two tubes V3 and ¥4 In the push-pull
circult, or 1if desiredfby six tubes V3 to V8 in
a push-pull parallel connectdon. The recelver
circuit utilizes a sdngle vacuum tube V2. The
osclllator tube operates @®n conjunction with the
frequency determiningpcircuits L1,C1, C2 and C3.
Direct current grid and plate voltages are sup-
plied through rgsistor, R15 and reactor L3. Cap-
acitor C4 {@s,_ uséd /to prevent short-circuiting
these voltagess The carrier frequency‘voltages
across capacltors, Cl and C2 are equal, but of
opposliteuphase; and are appllied to the grids of
the amplifierwtubes through capacitors C5 and
C6. Thé negessary d-c. bilas voltage for these
grids dsfhsupplied through resistors R4 and R5.
The sole purpose of resistors R8 to R13 1s to
prevent, undesirable interaction among the amplil-
fierytubes.

The plate cilrcults of these amplifiler
tubes are connected to the primary transformer
Tl which 1s an iron-cored transformer operating
at carrier frequenciles. The secondary of this
transformer 1s desligned to supply a resistance
load of any value between 50 and 500 ohms. By
making the inductive reactance of the reactor L6
and varlometer L7 equal to the capacltive react-
ance of the llne couplling capacitor, serles re-
sonance 1s obtalned and the load on transformer
Tl 1s a pure resistance.

The secondary of transformer Tl also
serves as an auto transformer for the recelved
signals and supplles energy to the primary tuned
circult of the receiver formed by capacitor C8
and inductance L4. This circuilt, when properly
ad justed, 1s series resonant. The action of the
neon glow protector lamp V9 is primarily to des-
troy this series resonance when local signals
are recelved sao that the voltage across induct-
ance L4 never exceeds approximately 150 volts.
The current through the neon glow lamp 1s 1limit-
eg by the relatively high reactance of capacitor
8.

The recelver secondary circult con-
8isting of capacitor C9 and inductance L5 deliv-
livers the carrlier frequency voltage directly
to the control grid of vacuum tube V2. This
arrangement 1ncreases the recelver tube plate
current by about 6 milliamperes during the re-
ception of large carrier frequency signals. This

tube V2 normally (stand—by conditions) has a
sufficlent blias voltage applled between 1ts
cathode and 1its grid so that no plate current
flows. A recelved signal over comes this bilas

and causes plate current to flow through the re-
celver relay.
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TATION BATTERY~

ECEIVER OUTPUTS

T |-STATION BATTERYS

CABLE 6‘
TO SWIFCHBOAR

125 VOLTS d.c. SUPPLY
5/15 WATTS OUTPUT

FOR
CONNECTIONS SHOWN

STATION BATTERY~

FILAMENTS %—
ECEIVER OUTPUT

+ }-STATION BATTERYY

CABLE 4
TO SWITCHBOAR

250 VOLTS d.c. SUPPLY
10 WATTS OUTPUT

STATION BATTERY~

TEST BUTTON-~—
ARRIER CONTROL

FILAMENTS X —
ECEIVERSOUTPUTS

+ ~STATION BATTERYy

CABLE ]
TO! SWITCHBOAR

250 VOLTS d.c. SUPPLY
30 _WATTS OUTPUT

(REMOVE JUMPER SHOWN
IN FIGURE 3)

VOICE COMMUNICATION MAKE THE, ADDITIONAL EXTERNAL
IN FIGURE 3¢

* CONNECT TO 220 OHM RESISTOR, AT~ SWITCHBOARD THEN TO

POSITIVE OF STATION BATTERY.

Figureph
External D-C. Connections),to“the Relay Equipment

The potentiometer resistor RIpls used
to adjust the osclllator and recelver_tubejvolt-~
ages to the proper values. Cathode fesistors R6
and R7T automatically provide the proper bias for
the amplifier tubes. Milliammeten, Ml /s used
to check the current output of the,amplifier
tubes. The cathode heatery current |is read by
the ammeter M4, and 1s adjusted, byareSistors R2
and R3. These circults ared arranged so that
elther two or six amplifier 4 (total of either 4
or 8) tubes may be used asdrequired for a specil-
fic application. The power output with six
amplifier tubes will bew approximately three
times the value which can be)obtained with only
two tubes.

Protectivepgaps as indicated on the
diagram arel’ provided to prevent possible damage
from lightningfor s#itching surges. Disconnect
switch 53 1s“provided to protect the person mak-
ing adjustmentsion tuning coil L6 and transform-
er T1. It should always be opened before making
such adjustments.

Switch S1 and fuses Fl and F2 com-
Pletely isolate the -equipment from the power
supply voltage except that the convenience out-
Yet’ PS-1 is still energized. Test button S2 1s
arranged so that 1t normally shunts carrier out-
put milliammeter M3, but this shunt 1s removed
wvhen the button 1s pressed to check the trans-
mitter.

Point to Polnt Voice Communicstion

Point-to-point voice communication 1s
possible from the carrier set by plugging a tel-
ephone hand-set in jacks Jl and J1A. If desired
a duplicate set of jacks may be located on the
switchboard, or a desk-type telephone set locat-
ed on the statlion operator's desk for communica-
tion from any of these polnts, as well as from
the carrier set. It should be noted that com-
munication can be carried on from only one loca-
tion at a time. The connections are shown
schematically in figure 3.

The modulating components of the car-
rier set are the microphone transformer T2; the
relay Kl; the grid-blas resistor and condenser
R16 and Cl2; telephone jacks Jl and J1A; relay
resistors R17, R18; and condensers Cl13, Cl4., 1In
the 100 to 150 volt carrler sets the resistor
R18 should be shorted out as shown in figure 3.
When communication 1s desired, the operator
plugs his hand-set 1n jacks J1 and J1A and sig-
nals the distant operator by pressing the push
button on the telephone set. This starts car-
rier by energlzing relay K1 which closes 1its
contacts 1Kl. Contact 1K1 connects negative to
the oscillator tube cathode circult thru termin-
al K. Starting carrier rings the carrier alarm
bell at the distant station. Plugging 1in the
telephone hand-set will disconnect the 1local
alarm bell to prevent 1t from ringing during
communication or when =signalling the distant
station. This 1s done by the test jack JlA
opening the bell circuilt terminals BC to -B. At
the completion of the predetermined communica-
tion signal the local operator releases his push
button on his hand-set. The distant operator
plugs in his hand-set and talks to the first
operator after closing the push button on the
hand-set.
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While the inltiating operator is talk-
ing, the distant operator should 1listen but not
close his hand-set push button. If both opera-
tors close the hand-set push button at the same
time, communication 1s diffilcult because of a
heterodyne signal belng s¢t up. The speaking
operator only should push .the hand-set button
whille talklng and when he desires to listen, he
should release his push button. Then, the other
operator should close - hls push button and talk.

Closing the hand-set push button also
energlzes the telephone microphone directly from
the station battery  thru the relay K1, R17 and
R18. The relay contact 2Kl modifies the blas
connections of the amplifier tubes by discon-
necting the blas resistors R4 and'R5 from -B &and
connecting them thru the secondary of the -micra-
phone transformer T2 to the modulator grid bilas
resistor R16 and condenser Cl2. This transfer
Increases the oscillator. tube grid leak to ap-
proximately twlce . 1ts normal value and reduces
the oscillator output very.  slightly in order to
produce the necessary bilas to the amplifier tube
grids. Modulation by the grid blas variation
method 1s then possible. Talking 1into the mi-
crophone sets up volce frequency currents which
circulate thru the microphone, condenser Cl4 and
transformer T2 primary circuit. These currents
are transformed thru the microphone transformer-
T2 to modulate the carrier frequency output.

The received. signal 1s demodulated by
the receiver tube,'V2, and passes thru the hand-~
set ear phones from the recelver tube plate thru
milliammeter M2 and condenser Cl3 to -B.

INSTALLATION AND ADJUSTMENT

Installation

The type GO transmitter-recelvern
equipment as supplied 1ncludes an accessory
package 1n addition to the main cablnet. The
l1tems received should be carefully checked
against ' the parts 1ist which will be found in a
later section of this book and also agalnstgthe
order or requisition for the equlpment. [ Any
shortage should be reported immedlately to" the
transportation company, and the nearest district
offlce of the manufacturer. The, equipment
should be very carefully checked for damaged/or
missing parts and particular attentlomn “should be

glven to any parts which have become loese in
shipment or wires which have brokenjdue to vi-
bration.

The transmitter-recelver, set should
be mounted as near as possible(to the line coup-
Iing capacitor. If a pedestal, +type coupling
capacitor - 1s wused, 1t widl generally be found
convenlent to mount both unit§ on the same steel
structure.  In this case), the lead-in bushing is
to be installed on the side, of the cablnet which
1s used for connectdon to the, coupling capaciton
Figure 14 shows th€ outline dimensions of the
transmitter-recelver)cabinet.

The 1lead-in “wire connects the coup-
ling capacitor to the transmitter-recelver set.
It should be run thru the 1lead-in bushing and
connected to the terminal marked "Line" near the
disconnect switch ' S3. The 1insulation of the
lead-1n cable B\ with respect to ground must be
much better than 1s ordinarily employed for the
voltage which exlsts between these polnts, as it
effectilvely®shunts the reactlve elements 'of a
resonanttcircuilt at carrier frequency. The imp-
edance€of \this resonant circult 1s several
thousand ohms and 1leakage resulting from rain,
sriow, ‘sdeet, too long a lead-in wire, or too
many, supporting insulators willl tend to reduce
the,pover output of the transmitter and reduce
the sensitivity of the recelver. This 1lead

-6 -

v

should not be encloséd in a conduit, since the
capacltance of the lead to the ground .should be

kept as small as possible. A cable 1nsulatéd
with a high-grade rubber and suitable for at
least 7500 volt service 1s recommended. gThe

actual current carrying capacity of this cofiduc -
tor need not exceed #14 gauge wire. However,
for mechanical reasons a somewhat larger Siaé
will usually bé désirable. A suitable length of
#12 cable (19 strands of. 0185 wire) with a.rub-
ber insulation .308 ‘inches “thick 'is supplied
with the ‘coupling capacitor for connecting the
coupling capacitor to the -carrier set. If a

" pedestal type coupling capaciton isfuSed, it is
- recommended that a copper bonding

cable be con-
nected from the grounded frameWlof ‘the coupling
capacltor to the. ‘transmitter=recelver cabinet.
This bonding conductor should pbeplaced parallel
with the carrier frequency [lead and spaced at
least one foot. from 1t.“Q, Flgure 5 shows a
‘typical installation of the “transmitter-recciver
set and coupling capacitor.

The necessary Gconnections from the
transmitter-recelve® \to the switchboard or power
supply are to begnadejin a sultable condult in-
stalled in the kfock=out in the bottom of the
transmitter-recelver \cabinet. Number 12 gauge
wire. 1s recommended for these connections. Be-
‘fore actually,making these connections, the
detalled installation diagram should be compared
with the external connection dlagrams of figure
4 to be suke that there 1s no. conflict.

Do, not insert -any of the tubes or
fuses) in “the transmitter-recelver unit until
the following sections dealing with circuilt ad-
juSstmentsyhave been read through very carefully.

Circuit Adjustments

The first consideration when putting
thils equipment into operation will be the choilce
of carrler frequency. Prior to shipment, the
equipment 1s very carefully tested and adjusted
for operation at 100 kilocycles with a 0.001 Mfd
coupling capacitor, 500 ohm equivalent line re-

cIrRculT LIGHTNING

BREAKER ARRESTOR PROTECTED
RESONANT TRANSMISSION
CHOKE COIL LINE

N rr=vd
74

ADJUSTABLE
CONDENSER

TUNING
INDUCTANCE

PEDESTAL TYPE
OUPLING CAPACITOR

Bls

ML

CONNECTION FOR
POTENTIAL DEVICE
WHEN USED

PROTECTIVE~} _ L
A .08 IN.
eap o8 7.5 KV. CLASS
GROUNDING" ......... PIN INSULATOR
SWITCH :
PROTECTIVE,
GAP IN SETH
TO CARRIER
SRARED ] CIRCUITS
CARRIER SET]
TERMINAL ” ) \
BOARD E :
g CONDUIT TO
7 / ZHA)  SWITCHBOARD
L% %

Figure 5
Typical Installation & External Carrler Frequency
Connections of the Transmitter-Recelver.
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sistance, 125 or 250 volt battery, and all eight
vacuum tubes.

Tables of adjustment data and curves
covering the operation of the equlipment under
all normal conditlons are 1ncluded as an aild to
making adjustments. These tables cover the ad-
justment of the equipment as shipped from the
factory. If conditions in the field differ from
the final factory ad justment conditions, it will
be necessary to refer to the curves of figures 6
to 13 and vary the ad justments accordingly. Some
of the values 1n the table should be the same
for all installations and, therefore, no curves
are given for these quantities. Separate tables
are given for 125 volt operation and for 250
volt operation, even though many of the values
in both tables are the game. Type 25L6 tubes
are to be used for 100 to 150 volt operation and
Type 6L6, for 200 to 300 volt operation. During
the preliminary adjustments, all eight tubes of
the correct type should be used until the equip-
ment 1s operating satisfactorily. After the
adjustments are complete, 1f 1t 1s found that
all of the avallable power 1s not required, four
of the tubes may be removed and certain of the
adjustments as 1ndicated below changed accord-
ingly. The connections shown in figure 4 should
also be changed 1f necessary.

The followling tabulation gives the
type tubes and connections to be used and batt-
ery burden for the d-c. supply voltage and
radlio-frequency outputs shown.

Normal Battery Load
Type No. Heater Supply Amperes Normal
Tube Tubes Conn. Volts Standby:Trans. Output
25L6 4 Series 125 .362 .506 5
2 groups, . .0

25L6 parallel 125 662 1.026 15

6L6 4 Serles 250 .950 1.097 10

6L6 8 Serles 250 .950 1.317 30

Add .050 amperes to transmitting loads
above when the communication handset-push-button
1s closed.

The adjustment procedurej, widl follow
the tabulation as closely as possible and,there-
fore, 1t 1s important to beceme thopoughly fam-
11iar with the tables. Fivegpcolumns are includ-
ed in these tables: the first column 1ndicates
the control; instrument orgquantity to be check-
ed: the second column/ 1ndicates the maximum
value which 1s permissible; )the third
indicates the minlmum valueégpwhich 1s permissible
the fourth column indicates the normal value of
the quantity; and thel fiifth column should be
filled 1n at the time" off 1nstallation to indi-
cate the actuald value, which was obtalned. This
last column i8 ofy great 1mportance and should
always be filledfin g just as soon as the equip-
ment 1s 1nstalded. A copy of these values
should be kept “with the equipment for checking
purposes and all letters of 1nquiry to the manu-
facturer regarding the operation of this equip-
ment should be accompanled by a copy of this
form, with all”blanks properly filled.

1. The first 1line in the adjustment data
table "8 ) the power supply or battery voltage
whikch “4s to be measured at the terminals of the
equipment by connecting a voltmeter into the
convenlence outlet PS1l, which 1s marked VOLTAGE.
The,actual value of thls voltage should be ent-
ered on the line in the fifth column of the data
table. The 1limits given on these quantities are
Intended to 1nclude the maximum variation in
power supply voltage, as indlcated. It should

-7

column .

be observed that the maximum and minimum varia-
tions of the values 1n the table are not all the
same percentage. Thls means that with the _act=
ual normal voltage at PSl, the various cdrcult
components can be adjusted within all the (1imits
given, but once the normal voltage 1s establish-
ed, 1t should not be permitted to fluctuate more
than + 5%.

2. If the supply voltage 41s within the
1limits shown, the fuses and resistors should be
inserted in the-equipment but no tube,  should be
placed in any socket until the following tests
have been made. In order that these fuses and
resistors may function properdy, they should
be carefully checked agalnst ‘the parts 1list .to
see that they are of the correctwValues as mark-
ed. The locatlion of these components 1s shown
in figure 2. The two fuses)Fl ‘and F2 are to be
mounted in the receptacles F3Y and FS2 which are
one above the other. 4The neon lamp V9 is to be
inserted later in the third receptacle V839. or

the three larger reésistors, the highest value
resistor Rl (2000 _ohms for 100 to 150 volt sets,
5000 ohms for 200 %, 300 volt sets) ig to be in-

serted in the ¢lips farthest from the front of
the panel. These,clips are located on the under
side of the gottom Py shelf on the vertical panel.
The other two /ofy, the larger size resistors R2
and R3 avelthe /same resistance value (160 ohms
for 1000te,150uvolt sets, 80 ohms for 200 to
300 volt\setls) and are to be inserted in the
mid@le, and) front poaitions, respectively. The
two ‘smallmresistors R6 (60 ohms for 100 to 150
volt sebs, 120 ohms for 200 to 300 volt sets)
and'R7 (30ohms for 100 to 150 volt sets, 60
ohms fory 200 to 300 volt sets) are to be insert-
ed, in the clips on right-hand side (rear-view)
of “the shileld panel. These clips are directly
beneath the upper shelf. The lower reaistance
value resistor R7 1s to be inserted in the clips
nearest the front of the panel.

. The power switch 81 should be closed
and, 1f necessary, the taps on resistor Rl
should be adjusted so that the oscillator screen
and plate voltage, and the receiver cathode
voltage, when measured between terminal -B and
the proper taps on thils resistor, are approxi-
mately as indicated by the next two lines of the
ad justment data tables. Battery positive + B 1s
connected’'to the end of the resistor Rl nearest
the hinged edge of the vertical panel. The os-
cillator screen and plate voltage tap is nearest
the +B end of Rl. These voltages will be ad-
justed more accurately after some of the other
ad justments have been made, but it 1s important
that the values shown be .approximately correct
so that the vacuum tubes will not be injured.

4. Next, power switch 81 1s to be opened,
the neon glow lamp V9 and four tubes are to be.
inserted 1n the sockets V1 to V4. These are the
four sockets on the upper shield nearest the
front of the vertical panel. Power switch 81 1s
then to be closed again and resistor R} adjusted
to obtain the proper cathode heater current M4
which 1s to be as 1ndicated in the table. Note
that when power switch S1 1s first closed, the
current will be above normal due to the low re-
sistance of the cold cathodes. Consequently,
power should be applled tor about 30 seconds be-
fore the final current check 1s made. The ex-
ternal connections for varlious conditions are
shown on figure 4.

These same dlagrams will apply for the
next test which 1s made by transferring the four
tubes already 1n the front sockets to the rear
sockets V5 to V8 inclusive. With the tubes 1in
the rear sockets, the resistor in the milddle
position R2 1s to be adjusted to glve the cor-
rect value of cathode heater current ammeter M4
as I1ndicated 1in the table.
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6. Next, all eight of the tubes, V1 to V8
Inclusive are to be 1lnserted in thelr sockets
and the connections changed per filgure 4, 1if
necessary. With this setup, the cathode heater
current ammeter M4 1s to be checked against the
tables.

7. During the above adjustments, the test
button S2 should not be pressed, and all cur-
rents other than the cathode heater current
should be zero, with the possilble exception of
the recelver relay current milllammeter M2. Ifr
any of the other 1instruments indicate current,
the cause should be determined before proceedlng
wilth the test.

8. The recelver cathode tap on resistor
Rl should be adjusted and the voltage should be
as Indicated by the data tables. The data
tables indlcate the standby receilver relay cur-
rent, which 1s a very small value. The 1limits
shown are intended to indicate that thils current
should be the lowest possible value which will
move the polnter on the milllagpmeter.

9. The next adjustments determine the
frequency of the equipment. The adjustment data
glven 1n the tables are for a frequency within
the 1imits as 1ndicated. 1f the frequency to be
used i1s other than 100 kilocycles, the oscilla-
tor frequency dial, L1, which controls the car-
rier frequency transmitted should be changed ac-
cording to the curve of figure 6. When practi-
cal, thils frequency should be checked by a wave-
meter and the actual value entered in the table.

190. The next two lines in the tables show
the ilne coupling capaclitance and equlvalent
line resistance used to determine the data that
follows. If the 1line coupling capacitor 1s
other than the value indicated 1n the table, oz
1f the equlvalent 1line resistance 1s different
from that 1ndicated, the curves should be con-
sulted, as dlscussed below. Actually, the
equivalent line resistance 1s a quantity which
1s somewhat difficult to measure and will neg
ordinarlily be known. Usually, 1t willl begnec-
essary to determline this resistance, as indicas
ted later.

11. It 1s necessary to cancel the react-
ance of the c¢ouplling capacitor byradjustin, the
combined 1nductance of 1line tuningieol® Lg
output tuning variometer L7 so that the circuit
is serles resonant. In addition“to the" capaci-
tance of the coupling capacltorj there 1s an ap-
preclable amount of stray capacltamce ‘due to the
cable connecting the line coupling“capacltor to
the transmitter-recelver setl. Also, the trans-
mission llne may be slightly, reactive. Thus,
figure 8 1s a purely theoreétical curve based on
the effective capacitance  onnected to the line
terminal. Appreciable varifation from the values
shown may, therefdre, be expected 1n any actual
Installation. Taps, O%o 15 on inductance L6
correspond approximately .to milllhenries, pro-
vided the conneetion from the varliometer 1s to
terminal O. The“jvarliometer has an lnductance
range of approximately .17 millihenry to 1.7
millihenries. The sum of the two inductances,L6
and L7 should be tHe value 1ndicated on the
curve.

12. The next adjustment 1s the recelver
primary ¥¢hduetance L4. Either the whole coll
should bejused or the larger portlon of it from
the tap®e ithe finish end of the coil. The two
curves)of flgure 7 1ndicate the effect of this
adjustment and show quite clearly that 1t is of
little Importance except near the ends of the
frequency range. The receilver secondary induc-
tance L5 1s 1dentical with L4 and should be ad-
justed in the same manner. The axes of these
colls may be turned so as to form any desired
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angle with a corresponding value of couplling be-
tween them. This coupling 1s not important as
long as the axes of the coll are not colncldent-
al, nor at right angles to each other. Maximum
coupling occurs when the axes are colncidental
and approaching this adjustnent will i1nerease
the recelver sensitivity.

13. On the average open-wire transmission
line the carrier signal received from the trans-
mitter at the other end of the line 1s so strong
that the location of the receiver tap onptrans-
former Tl 1s not very critical. _The usual loca-
tion of the receilver tap is betweenptaps 2 and
9. It 1s only on a weak regcelvedgslgnal and for
very selectlve tuning that @t 1s,nécessary for
careful matchling of the receliver circuilt thru
the selection of the recelyertap. Very select-
lve tuning 1s necessary only/where adjacent line
sectlions have carrier frequencies less than 10
kilocycles apart. Whereicss§ than 10 kilocycle
separations between adjacent line are required,
the manufacturer shouldjpbe /eonsulted.

14, In order| toget maximum carrier fre-
quency transmitteri{efficlency, 1t 1s important
to carefully match the 1impedance of transformer
Tl to the impedanee,of the transmission line, as
measured firom ) the | 1ine coupling tap. When the
set 1s Dproperly 4ftuned for serlies resonance
these impedances appear as effective resistance.
The curves of flgure 9 show the relation between
thls equlvalent 1line resistance and the line
couplingitaps“on transformer T1l. For average
open-wire transmission lines the equivalent line
resistanece, s about 500 ohms.

15. When all of the above adjustments up
tothis’polnt have been made 1ncluding a trial
setting of the traunsformer tap Tl, the test but-
ton 52 should be pressed and carrier transmitted
over the line. The carrler output current on
milliammeter M3 should be observed and the out-
put tuning varlometer L7 adjusted for maxinum
output current. Thils adjustment establishes
serles resonance 1in the circult including coil
L6, coll L7, coupling capacitor, and transmis-
sion line. The line coupling tap on transformer
Tl should be readjusted to obtaln best matching
which willl be indicated by maximum carrier out-
put. If two taps glve approximately the same
carrier output, the higher numbered tap should
be used.

Changing the adjustment of taps on
transformer Tl will make readjustment of vario-
meter L7 necessary to maintaln serles resonance.
If resonance of variometer L7, as indicated by
maxlimum carrier output current M3 occurs at a
dlal setting of 100, 1t 1s advisable to try one
less millihenry 1in coll L6. Conversely, if
resonance occurs at zero on the output tuning
varlometer, more 1inductance should be included
I1n the circult by lncreasing the tap on induct-
ance coill L6. Do not fall to open safety discon-
nect switch S3 before changing any of the taps
on output tuning coil L6 or transformer Tl. Al-
though safety gap SGl1 1s set sufficlently close
to protect the equipment from surges, 1t 1s pos-
sible for the operator to recelve a severe shock
unless the disconnect switch 1s open.

16. The next adjustment 1s quite important.
Figures 10, 11, 12.and 13 show the effect of os-
cillator plate voltage upon the plate currents
antl output currents. These curves have also
been plotted to indicate the product obtalned by
multiplying the readings of amplifier plate cur-
rent milliammeter M1l and carrier cutput milli-
ammeter M3. The object of this adjustment 1is to
obtaln a value of osclllator voltage which will
result in the maximum of thls product. By re-
ferring to the curves, 1t w1ll be seen that as
the osclllator plate voltage 1s increased above
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a certaln value, the amplifier plate current de-
creases rather rapidly. It wi1ll also be noted
that the carrier output current does not in-
crease much after a certaln oscillator plate
voltage 1s reached. The product of these two
currents reaches a maximum under the best oper-
ating conditions. Therefore, the oscillator
plate voltage tap on resistor Rl 1s to be moved
slightly from 1ts 1nitlal adjustment and the
readings of the milliammeters M1l and M3 observed
and multiplied together as a check for the maxi-
mum value of the procduct. Regardless of instal-
lation conditions, the amplifler plate current
8s read on milliammeter M1 should be within the
1imits indicated 1n the data tables, but the
carrier output current, as 1indicated on milli-
ammeter M3, may vary qulte conslderably from the
values given 1if the equlvalent 1line reslstance
1s other than 500 ohms. This variation in out-
put current will cause the product to vary cor-
respondingly.

17. If sultable instruments are avallable,
the oscillator comblned plate and screen current
should be measured by disconnecting the tap
nearest the +B end of Rl and connecting a milli-
ammeter in serles with this lead. This test is
not particularly important, but It serves as a
convenlent means of checkling the equipment at a
later date 1f trouble develops. However, it 1is
of considerable importance that the oscillator
plate and screen voltage be recorded, since this
must be within the 1imits shown 1n order to in-
sure satisfactory tube 1life.

18. After the above adjustments are com-
pleted, carrier should be transmitted from the
remote equipment so that the recelver may be ad-
justed for maximum receiver relay current indié
cated by milliammeter M2. The approximate set-
tings for the recelver primary capacitor .€8,and
the recelver secondary capacltor C9 are indlcat-
ed by figure 7. It 1s wusually necessafy tolad-
just these capacitors slightly to obtain“Qréson-
ance with the remote signal. It willlWgenerally
be found impossible to adjust these controlsiby
recelving from the local transmitter,gfsince, the
signal strength 1s so great that ghe ¥ecelver
will tune very broadly. As a matter’of fact the
values shown by the curve are much®more,édccurate
than the settings which may beé obtained using
the local transmitter. When the remote signal
has been tuned in, the receliyver, Telay current
milliammeter M2 should be récorded and then the
test button 82 pressed, pand')this current again
recorded for the 1local “transmission conditilon.
This completes the adjustment of the equipment
for normal conditions gand all of the blanks in
the fifth column of (the adjustment data table
should be filled in before leaving the equipment
It 1s desirable to répeat the above adjustments
two or three times (indorder to be sure that the
best settings have Béen jobtained.

On{ rare “Joccasions the noise level on
the transmissior 1Imes due to 1line-switching
disturbanées r interference from other carrier
sets may be“greatdenough to increase the receiv-
er plate currentd above the plck-up value of the
recelver relay element. This interference may
be reduced in either of twb ways, or by a com-
bination of both.

1. By reducing the coupling between
Ligand)L5 to near its minimum value. (Minimm
coupling occurs when the coll axes are at right

angles.

recelver tube
voltage 1s in-

2. By $ncreasing the
cathode voltage. The cathode
ereased by moving the recelver tap on resistor
R1 toward the +B end of the resistor. This re-
ductlon of interference 1s a matter of trial and
error. As both the desired signal and interfer-
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ence signal are reduced by these adjustments)
care should be taken that the desired signal, is
not reduced below a safe operating valué of the
recelver relay element.

CPERATION

When this equlipment 1s properly in-
stalled and adjusted, it may be placed in opera-
tion by closing safety disconnect switeh 33 and
power switch S1.: The transmission of carrier is
automatically controlled by the assoclated
relays and requires no attention on the part of
the operator except malntenance, as“explained in
a separate section. The egquipment may be taken
out of service at any time by¥epening the power
and disconnect switches, Infwhieh case, there is
no pover consumed from the supply source and no
appreciable deterioration “lof the equipment over
long periods of time/

In connegtion with the 1installation
and maintenance of “this"™ equipment, several in-
struments vhich gare ‘hot ordinarily used for 60
cycle measurementsy, such as a cathode ray oscil-
loscope, severaljthermocouple voltmeters and am-
meters, a nultl-seale high resistance d-c. volt-
meter having “lat least 1000 ohms per volt, a
multi-scaléfd-c.)y milliammeter, a sultable tube

checker, /[ anda wavemeter for carrier frequency
willgbe flound very helpful.
MAINTENANCE

After installation, the equipment

should“be inspected dally for the first week or
two €o see that 1t functlions properly and that
nothing overheats. This procedure will permit
thelgperators to become familiar with the equip-
ment. After the first two weeks, a careful in-
spection once every week willl be sufficient.
When these weekly 1nspections are made, all
meter readings should be recorded.

Vacuum Tubes

If any discrepancy of the meter read-
ings 1s noticed after a considerable perilod of
operation, all of the vacuum tubes should be
checked to see that they are still in good con-
dition. Occasionally, a defectlive tube will ap-
pear within the first month of operation. In
general, no tube trouble should be experienced
after this period until the useful 1life of the
vacuum tube has expired. Owlng to the wide var-
iation 1n the activity of the equipment, 1t 1s
Impossible to state how 1long the vacuum tubes
may be expected to operate. If a standard type
of tube checker 1s used for testing the vacuum
tubes, the 1limits which are given in the in-
struction book covering 1ts use will usually be
found satisfactory. If no tube checker 1s
avallable,” it will be found satisfactory to
check each of the questionable tubes 1n the os-
clllator socxet VSl which 1s in the front right-
hand corner of the tube shelf. In making this
test, tubes which are known to be satisfactory
shiould be 1nserted 1in all of the other sockets
and the carrier frequency current into the line
coupling capacltor should be observed for the
normal oscillator plate voltage which is used.
A tube which does not oscillate after applying
normal heater current for one minute will be
considered unsatisfactory. Also, a tube which,
used as an oscillator, does not permit the
equipment to deliver approximately full power
output should be replaced. No definite end
1limits can be given because of the wide varia-
tions 1n transmission efficlencles of various
lines. On short or low loss lines, tubes can be
used which would be too weak for use on long or
high loss 1lines.

At the
the vacuum tubes

end of each year of operation,
should be removed from thelr
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ADJUSTMENT DATA FOR 100-150 VOLT EQUIPMENT (FOUR OR EIGHT TYPE 25L€ TUBES)
See Text of instruction book for detailed discussio:l of following table.

Numbers preceeding data refers to text paragraph numbers.

Max. Min
. 1. With Power Switch S-1 off
Vslts Battery (Power Supply) Voltage Outlet PS-1....... O P e 150 100
2. With Fuses aud Resistors but no Tubes 1in any Socket
3. Switch S-1 on
Volts Oscillator Screen & Plate -B to tap on R-1 $approximate acd justment)... 4y 2¢
Volts Recelver Tube Cathode -B to tap on R-1 (approximate adjus-ment)... 25 15
4. With Neon Glow Lamp V-9 and Four Front Tubes V-1 to V-4 1n Sockets
Adjust R-3 for Amperes Cathode Heater Current M-J..........c.evevunnnennnn.., =296 268
5. With Front Tubes Out and Four Rear Tubes V-5 to V-8 in Sockets
Adjust R-2 for Amperes Cathode Heater Current M-4 (For Four Tube Operation). .296 .268
6. With all Eight Tubes V-1 to V-8 in Sockets - Adjust R-2 for Amperes
Cathode Hemter Current M-4 (For Elght Tube Operation).........c.eeeeeeeeens. 592 .535
. With Test Button S-2 Open, M-1 and M-3 Must Be Zero
. Adjust Recelver Cathode Tap on R-1 for Milliamps Receiver Relay M-2. .10 .01
volts Receiver Tube Cathode -B to tap on R-1 (final adjustment).........c... 25 15
9. Adjust to Desired Frequency Referring to Curves - Data below are for
*g, Frequency in KilocycleS......ovn. S et seseasesesenes s esaaass ettt 101 99
9. Oscillator Frequency D181 L-l...cueuvesececosacsoosososossacnnoanceend 85 75
10. Line Coupling Capacitor In Mfd......ccevtiieennnecnceeesonnnononnnns .0011 .0009
#10. Equivalent Line Resistance 1n OhmMS......veeevsosoccsenanccnnssss ool 550 450
11. Line Coupling Tap on L-6....... P P 2 1
11. Output Tuning Variometer L-7 Tap on L-6........ PR WA Y 4 0 0
*#12, Recelver Primary Winding L-4......ccciiiereiereeennnonnncesosnalin. on Total Tap
*12. Recelver Secondary Winding L-=5.....icecetroesncesocaasosioons e sldhees Total Tap
12. Recelver Primary AX1s L-d. ... ..ttt oereenaorooeccocnscodmecessBie. s 100 75
12. Recelver Secondary Axis L-5......00c000e0seasn seseserees NN N - 100 75
#13. Recelver Primary C-8 Tap on T-1 §For Four Tube Operation) sl ...ex... 7 6
#13. Recelver Primary C-8 Tap on T-1 (For Eight Tube Operat®én). ¥pn...... 9 8
#14, Output - ing Variometer L-7 Tap on T-1 5For Four Tubei Operation)... 12 11
#14. Output Tuning Variometer L-7 Tap on T-1 (For Eight Tube Operéition).. 15 14
15. With Test Button S-2 Pressed, Adjust Ouput Tuning Variometer L-T7
or Maxfmum Carrier Output Current M:3
*, Output Tuning Variometer L-T......... Y £ . DTN 100 0
16. Adjust Oscillator Plate Voltage Tap on R-1fordMaximum Product of
Amplifier Plate Current times Carrier Output Current M-1 x M=3..............
Milliamps. Amplifier Plate Current M-1 (For Four4TubeOperation)............ 133 87
Milliamps. Amplifier Plate Current M-1 (For Eight Tube Operation)........... 400 260
#Milliamps. Carrier Output Current M-3 (For FourdTube Operation)....oeeeeen. 115 85
#Milliamps. Carrier Output Current M-3 (For Eight Tube Operation)........... 200 145
#Product M-1 x M-3 & 200 §For Four Tube OperatdBi) .. B...ceeereerecennencons 78 37
#Product M-1 x M-3 & 200 (For Eight Tube Oper8tion)....cecoevererceranncnnns 400 200
17. Disconnect Tap on R-1 nearest hinged ‘edge of Panel and insert
Milliammeter
*M1lliamps'. Oscillator Plate BNA SCPOEN..Aw..dheccoerrneestoronsasssracnsss 21 8.5
*#Volts Oscillator Plate & Screen -B to Tap,on R-1 (final adjustment)........ 55 20
18. With Carrier from Remote Transmitter, Adjust Recelver for Maximum
Recelver Relay Current M-2.
*Recelver Primary Capacitor D1al l€-B. 0. ....vcvivrunrnnrenennanss creeveccne 87 T7
*Recelver Secondary Capacitor D18l B-0. .0k .cceeerreecscononornsscoscsasannas 87 77
Milliamps. Receiver Relay CurrentyM-23(Remote Transmitter Test)............. 30 10
18. With Test Button S-2 Clésed.
Milliamps. Recelver Relay Current M-2 (Local Transmitter TeSt)....veeueenen. 35 10
Repeating 16 to 18 readingsg@bove with Handset HS-1 in Jacks J1 and J1A and
Handset Button Pressed closed/
Milliamps. Amplifier Current/(M-1 gFor Four Tube Operation)....ceeceeeeeacens 106 70
Milliamps. AmplifiergCurvent M=l (For Eight Tube Operation)....c.ceoeceecevees 310 210
#Milliamps. CarrierdOutput“Current M-3 §For Four Tube Operation)...........: 92 78
#Milliamps. Carrief Output Current M-3 (For Eight Tube Operation)........... 160 135
#Product M-1 x M<3,+ 200 (Fdr Four Tube Operatlion)......ececeeecesocacanasnn 49 27
#Product M-1 x M-3 #)250 (For Eight Tube Operation).....cceeessssecuecionsss 250 142
Milliamps. Receiver Relay Current M-2 (Local Transmitter Test).........eo... 28 10
Yolts Extra Modulator Blas 8cross C«el2....coeeeeecocoesssessssssesosnsassses 14 10

Milliamps. Total Load on Battery, Standby iFor Four Tube Operation;........
Milliamps. Total Loa@d on Battery, Standby (For Eight Tube Operation
Milliamps. Total Load on Battery, Transmitting 2For Four Tube Operation)....
Milliamps. Total Load on Battery, Transmitting (For Eight Tube Operation)...
Add 50 M{lliamperes to Transmitting loads above when the communication hand-
set push-button 1s closed.

* These values vary with frequency. See Curves.
4  fMhese)values vary with equivalent line resistance. See Curves.
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ADJUSTMENT DATA FOR 200-300 VOLT EQUIPMENT (FOUR OR ELGHF TYRE 6L6 TUBES)
See Text of instruction book for detalled discussion ef fqllawing table.
Numbers prececeding data refer to text paragraph gumbers.

ﬁﬂ}; Min. Norm. Actual

1. With Power Switch S-1 off

Volts Battery (Power Supply) Voltagie Outlet PS-l....ceeevencnoncnonanans e 300 200 250
2. With Fuses and Resistors but no Tubes in any Socket
3, Switch S-1 on

Volts Oscillator Screen & Plate -B to tap on R-1 (approximate adjustment). 88 52 70

Volts Recelver Tube Cathode -B to tap on R-1 approximate ad justment 50 30 4o
4., With Neon Glow Lamp V-9 and Four Front Tubes V-1 to V-4 in Sockets

Adjust R-3 for Amperes Cathode Heater Current M-4........... ieeere.e.e. o888 .80% .845

5. With Front Tubes Out and Four Rear Tubes V- 5 to V-8 in Sockets
Adjust R-2 for Amperes Cathode Heater Current M-4 (For Four Tube Operation). 888 804 846
6. With all Eight Tubes V-1 to V-8 in Sockets - Adjust R-2 for Amperes

Cathode Heater Current M-4 (For Eight Tube Operation).......ocececececrensas 818 .804 .846
7. With Test Button S-2 Open, M-1 and M-3 Must Be Zero W,
8. Adjust Recelver Cathode Tap on R-1 for Milliamps Receiver Relay M-2 .10 .01 .05
Volts Receiver Tube Cathode -B to tap on R-1 (final adjustment)............. 50 30
9. Adjust to Desired Frequency Referring To Curves - Data below are for
*9, Frequency In KiloCyCleS...eueeeeoeoesspessoncnccssossoccsnnnssoesdfiline. 101 99 100
9. Oscillator Frequency Dial L-l........ Cheeeererananann ceriecere. . N 85 75 80
10. Line Coupling Capacitor in Mfd. .....civevennnrrroc aononasosoloimeses .N011 0000 .202
#10. Equivalent Line Resistance in Ohms......... e, 550 450 500
11. Line Coupling Tap on L-6...0c0vueuss AR D  O.f 2 1 1
11. Output Tuning Variometer L-7 Tap on L 6 ceressosacernnrdorehos 0 0 0
*#12, Recelver Primary Winding L- 4...,.................................... Total Tap Total
*#12, Recelver Sesondary Winding L-5....esvevececceacnacens - .om%. ..., Total Tap Total
12. Recelver Primary Axis L-l....ciieeereerrrrrroococococsc@he etliecsenoss 100 75 88 —_—
12. Receiver Becondary Axis L- 5................,..,....:................ 100 75 88 —_—
#13. Receiver Primary C-8 Tap on T-1 (For Four Tube Ope®BtI®R)ph sreeec... 6 5 5 -
#13. Recelver Primary C-8 Tap on T-1 (For Eipht Tube Operation’...... . 8 7
#14. output Tuning Variometer L-7 Tap on T-1 (For Four Tube Operations... 11 9 10
#14. Output Tuning Variometer L-7 Tap on T-1 {For Eight ‘Tube Operation).. 13 12 13
15. With Test Button S-2 Pressed, Adjust Output Tuning Variometer L-T7
for Maximum Carrier Output Current M-3.
* Output Tuning Variometer L-T...ececeeeseccccoofoceobureococecssossscsasos 100 0 50 —_—
16. Adjust Oscillator Plate Voltage Tap ongR-1'for Maximum Product of
Amplifier Plate Current times Carrier Outputf{ Current ‘M=l x M-3
Milliamps. Amplifier Plate Current M-1 (For{Four/Tube Operation) cieeean 133 87 110
Milliamps. Amplifier Plate Current M-1 (For Eight Tube Operation) Ceerieeaes 400 260 330 OO
#Milliamps. Carrier Output Current M-3 (For Four Tube Operation)............ 180 130 155 U
#Milliamps. Carrler Output Current M-3 (ForlEight Tube Operation) cessnessne 310 230 270 JR—
#Product ‘M-1 x M-3 + 300 (For Four Tubé Operatlon).......:trrterececcncccnss 78 37 56
#Product M-1 x M-3 ¢ 300 (For Eight Tubg Operation) seseseassrteerresteeasas 400 20Q 300
17. Disconnect Tap on R-1 nearest hinged edge of Panel and insert
Milliammmeter
*Milliamps. Oscillator Plate and Screen ... seeseesenssssssensnsen 27 10 17
*Volts Oscillator Plate & Screen ~-B to Tap on R 1 (final adjustment)........ 110 40 70
18. With Carrier from Remote, ‘Transmftter, Adjust Receiver for Maximum
Recelver Relay Current M-2.
*Recelver Primary Capacitor Dial, C- 8..............,......................... 87 77 82
*Recelver Secondary Capacitor D1alyC-O...eeeeeccccosrnprsossns ceeeaeeaan 87 T7 82
Milliamps. Receiver Relay Clarrent M-2 (Remote Transmitter Test) ceceesans 30 10 15
18. With Test Button S#2 Closéd.
Milliamps. Recelver Relay Currént M-2 (Local Transmitter Test).....c.ocey,oee. 35 10 22
Repeating 16 to 18 readingshabove with Handset HS-1 in Jacks J1 and J1A and
Handset Button pressed closed.
Milliamps. Amplifier|Cufrent M-1 $For Four Tube v *eration).....oeeeveeeennns 106 70 88
Milliamps. Amplifider Current M-1 (For Eight Tube Operation) Cesesveessenn 310 210 260 —
#Milliamps. CaPrierfQutput Current M-3 é or Four Tube Operation PR .. 144 104 124 N
#Milliamps. Carrier Output Current M-3 (For Eight Tube Operation). cieeens 250 185 215 — .
#Product M-I'x M43 + 200 §For Four Tube OPeration), .o s..esoreseensenennssns 51 24 37
#Product M-10x #M-3 +£400 (For Eight Tube Operation)....essrseecseeocecennnones 149 130 186
Milliamps. ReceiverfRelay Current M-2 (Local Trensmitter Test ),.,sececeeeres 28 10 18
Volts Extra Modulator Blas 8cross C-l2......ueeserecosesnoasoooocoonsnssssns 18 14 16
Milliamps. Total Load on Battery, Standby (For Four Tube Operation)......... 950
Milliamps. Total Load on Battery, Standby (For Eight Tube Operation)........ 950
Milliamps. Total Load on Battery, Transmitting zFor Four Tube Operation).... 1097
Milliamps. Total Load on Battery, Transmitting {For Eight Tube Operation)... 1317

Add, 50"Milliamperes to Transmitting loads above vhen the communicatlion hand-
set\ push-button 1s closed.

* “These values vary with frequency. See Curves.
#) These values vary with equivalent line resistance. See Curves.

- 13 -



TYPE 60 CARRIER CURRENT TRANSMITTER-RECEIVER

IV IAUIRCATTTIMERART THIAAUD PE1ASAD 02 I9VT

ers equipment for 200-30Q

It is identified as DL--

sockets and -their contacts inspected for pos- Style 867387 cov
sible dirt or corrosion. If there 1is any dis- volt D.C. supply.
coloration, may be removed by the use of very 7501950 G 19 and includes'
fine sandpape n_aorder tq insure maximum tube ) )

life, is ver§ ortant ‘that' the Pésistandé 3 oy

of these contacts’ be kept to'an absoiute it 1mum
IScmeicessary, this cleaning: operation’should bé-

performed .more frequently than ‘indicated above. includes:

_____ Since the fuses in this equipment are -
primarily intended to protect only against short
circutts ofrvery “gevere  overloafs;unthey s wikl '
prebably néver fail during the life  of + the
equipment.. .It 1s desirable that they-dé remuved-
at—the end “of ésch ye&r“of operation- and bhat~~
any corroslon which may,. .have

moved by the- use Bf fine’ sandpaper. ey

Fuseg %

19;’%*‘.’.’

Rgsistgﬁé

1n “the case of ether components,:L

. As ol
the resistors are operated well within their 2 - Set crews
rating and . should not fail during the 1ife of - B Rt 2ﬂssauze Bing

the-equipment. It”is desirable that-they be re---- -
moved from their clips at the ‘end- of each year
of~ operation, angd |, that any corrosion which may 1 = Resi;toﬂ A58
have occurred be use’tof fine - I/?“inch D T
SAanAPEDeT. - - . mrienl .

o

..................

[
Doy

nt

Instr “QT
: At the . end of each ‘year's' operation, .- e
the "zéro adJustments of. all 1nstrument; shptrld

be checked.,:r If facilities are: &vailable ,
checking the cathode heater ammeter MY ag&inﬁ a
suitable standard, this should be done &t .t >
end of each year's operation. This calibration’
must_be made’ with the .meter mounted on a 3/32 _
inch steel panel as in the transmitter-receiven
assembly. The accuracy of the other:instruments .. ./ .

1 Accessories’rackage‘ 'DL-7501950 G- 21 which

. tﬁﬂ 15° 1F
Med. Screw base Symbol Vg
255 V. Byant ¥

1"710%93

eﬁﬁﬂ' 1880
?peIEUH;Termi“al

SING
OF | LEADIN. wsnmc
IN EITHER SIDE.

is not considered of sufficient importance fte jdv
warrant such. icalibration unless it is. known.that :

they.. have dbeen Sériously overloaded,. or:thedr
indication s believed, for some other reason;,
to be 1ncoprect : A R &

m”LISTs ’

-Shippitig Lists for _XEe GO Transmitterw
RecelVers © : ERETEL

Style 867386 covers equipment®for-100 ‘to
150 volts D.C. supply.
7501950 G-18 and 1nc1ude8' ..........

1 Transmitter Receiver DL 7501950 G-17

"1 Accessories Package DL# 7501950 G-20 vh10h ey
* includes: @ e

16 - R. c A. Radiotrona type 25-L-6, Symbal.

V-l.to V-8.0:  udr W L
-2 - Neoanlow Lamps 2 Watts. 115 Volts: it
.  8%1K Cleéyr: Med. Screvw.Base,. Synbol V-=g:-i -
4 - Fuges 6 Amp, 125 V. Bryant Type POR-6,--~.
- Symbel F-1-&WF-2: . ... ...
1 - Resistor 2000 Ohms, 200 Watts, Symbol
- R 1 ....................
2 - Resistorsy160 Ohms, 200 Watts, Symbolsﬁ
o Ri2, R-3 3
1= Resistor 60 Ohms, 12 Watts),’ SYmbo R
~]1 -@Res¥stor 30 Ohms, 12 Watts,,Symbd
1 - Ensulator Bushing S#101443%6.
1%, Gasket S#651569
1) - Flange S#776613
2= Set Screws S#804514
I%=)Pressure Ring S#776603 T Y
2 LBS. Cement #693 Outline and Drilling
1)- Name Plate #19914 Receiv

- 14 -

Eigure 14
Plan for the Transmitter-
er Cabinet.



[ [N
O O O\ W+

oo leo eI io oo ioNo o X@]
1

1
AL
FENTE Y

M-1
M-2
M-3
M-%

TYPE GO CARRIER' CURRENT TRANSMITTER-RECE I VER

Component Parts of Type GO Transmitter-Recelveprs
Name Rating Designation

Oscillator Tank .
Oscillator Tank .
Oscillator Tank .
Osclllator Plate .
Amplifier Grid .
Amplifier Grid .

Cathode By-pass 2 x

Recelver Primary .
Recelver Secondary .

Recelver Plate .

Bias Filter .

Rec. Speech Filter .
Microphone By-pass .

For 125V Equip.g Plug
For 125V Equip. Plug
For 250V Equip.; Cartridge
For 250V Equip.

Receptacle
Receptacle

Oscillator Variometer
Plate Reactor
Recelver Primary
Recelver Secondary
Output Tuning

Output Variometer

Amplifier Plate
Recelver Relay
Carrier Output
Cathode Heater

Cartridgeb

CAPACITORS

02 Mfd. 600 WV
02 Mfd. 600 Wv
02 Mfd. 600 Wv
025 Mfd. 600 WV
0005 Mfd. 600 WV
0005 Mfd. 600 Wv

001 Mfd

001 Mfd.

005 Mfd. 600 wv
5 Mfd. 400 wv
001 Mfd. 600 WV
5 Mfd. 400 wv

.25 Mfd. 500 wv

FUSES

A. 125 V.
A. 125 V.
A. 250 V.
A. 250 V.

6
6
6

FUSE SOCKETS

Med. Screw
Med. Screw

INDUCTANCES
.17-1.7 M.H
50. M.H.
11. M.H.
11. M.H.
15. M.H.
.17-1.7 M.H,

METERS

500 MA
50 MA
500 MA
1. Amp.

*Calibrated for use on 3/32 inch thick Steel Panel.

PS-1

| L A I O e A B |
HiEHREP OO0\ EWW DD -

o WWWWWU VDT OO WO OO
1

Convenience Outlet

Potentiometer
Potentiometer
Cathode Heater
Cathode Heater
Cathode Heatexn
Cathode Heatér
Amplifiexr Grid
AmplifierdGrid
Amplifier Cathode
AmpldfienpyCathede
Ampdifier Cathode
Amplifier Cathode

to R-13 Parasdtic

Oscillator Grid
Oscillator Grid
Microphone
Microphone

Tube Shell Ground

PLUG SOCKET

10 AW250 V.

RESISTORS

For 125V Equip. 2000 Ohms
For 250V Equip. 5000 Ohms

For 125V Equip. 160 Ohms

For 250V Equip.

80

For 125V Equip. 160

For 250V Equip.
50,000 Ohms 1 W.
50,000 Ohms 1 W.
For 125V Equip.

80

60

For 250V Equip. 120

For 125V Equip.
For 250V Equip.
1000 Ohms, 1W.
10000 Ohms, 1 W.
10000 Ohms, 1 W.
1850 Ohms

2200 Ohms

.25 Megohm, 1 W.

- 15 -

30
60

Ohms
Ohms
Ohms

Ohms
Ohms
Ohms
Ohms

Type 9H-11020
Type 9H-11020
Type 9H-11020
Type 9-11025
Type 9-13050
Type 9-13050
Type HC-1075

Supplier

Type XR-1000 PS Myealexdns. Card
Type XR-1000 PS Mycalex Ins. Tard

T'ype 9-11050
Type HZ-3217-1
Type 4-12010
Type HC-3217<k

POK-6
POR-6
#7054 &3€asing #1945
#7054& Casing #1945

Hp15
H-T715

Dwg, 7605336G-1
L-332757

Dwg. 7406582 G-1
Dwg. 7406582 G-1
Dwg. 7706239 G-
Dwg. 7605336 G-1

Type UX-35 S#1007168*
Type UX-35 S#1007159*
Type UT-35 S#1007708%*
Type UX-35 S#1007040*

#4725

8-1/2" D Bare Side 2-604
Bands Type 307 Ferrules

Type GS
Type GS

1-3/8"T Type 300Ferrules

Type GS

Type GS

Type GS

2"D Type 205 Term.
Type 754 Mtg.
1ype GS

Bryant
Bryant
Bryant
Bryant

Bryant
Bryant

L3l o o S 3 2

I EE

Bryant

.

QQ
NN

skt .
e e t‘t‘F‘t‘t‘P

mEzbuzz=z=s

g =
e
a .
=

Stack
Stack

| W.L.
Stack



TYPEV GO CARRIER CURRENT TRANSMITTER-RECEIVER

'SAFETY GAP
3G-1 Protector Disc S#949357 W
Mica S#948956
SWITCHES

S-1 Power 10 A. 250 V. #3952 Bryant
s8-2 Test Button 1M1B S#511813 w

3-3 Disconnect 30 A. 250 V. S#554195 3

TRANSFORMERS
T-1 Output 50-150 KC 275/120 V. v L-340113 W
T-2 Microphone 1:15 L-340176 w
VACUUM TUBES )
- .
V-1 to V-8 Radiotron Beam For 125 V. Equip. 25-L-6 RCA
V-1 to V-8 Radiotron Beam For 250 V. Equip. 6-L-6 RCA
V-9 Neon Glow Lamp 2 W. 115 V. S-14 Clear . Screw base W
VACUUM TUBE SOCKETS
VS-1 to VS-8 Wafer . Octal #6714 Cinch
vs-a Neon Glow Lamp Med. Screw -7 . Bryant
. RELAYS 1‘ﬁ2!:’.

K-1 Modulation 1 A, 300V, les AQA Spec. Z2-6020 A.E,

J-1 Telephone Jack

J-lA} Assembly for 1/8* Panels S#1210903 W

(Not supplied as part of rrier set equipment)
HS-1 Telephone Monophone S#1268027 W

(To be wired from the switchboard panel pe

H8-2 Telephone Monophone & Desk 8 41268028 w

parts for use in servicing this . Orders should specify that they are for Type GO Trans-
mitter-Receiver and mention ult! symbol. All orders nust specify the rating as well as the
supplicr's designation. Par ed as having suppliers other than Westinghouse Electric and

The Westinghouse Electric facturing Company 1s prepared to supply any of the listed
ulp
circ
1
Manufacturing Company may be d d direct from the manufacturers. The addresses are as follows:

Card - Allen D. Cardwell . Cinch - Cinch Mfg. Co.
81 Prospect St. 2339 W. Van Buren St.

Brooklyn, N.Y. Chicago, Illinois
C-D - Cornell Dubiliel@Corp. Bryant - Bryant Electric Co.

South Plainfield, Bridgeport, Conn.

A.E. - American Au 1¢ Electric Sales Co. W-L - Ward Leonard Electric Co.
1033 W. n en/ St . Mt. Vernon, N.Y.
Chicago, .

RCA - R. ufacturing Co. Stack. - Stackpole Carbon Co.
Ra D sion St. Marys, Pa.
Harr B J.

W - Westinghouse E. & M. Co.

- 16 -

re 3 - not supplied as part of the Carrier Set Equipment.)
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FOR OUTDOOR MOUNTING

50 - 150 Kilocycles
100 - 150 Volts d-c. Input

or
200 - 300 Volts d-c. Input

INSTRUCT I ONS

FIGURE 1. FRONT VIEW OF TRANSMITTER—RECEIVER (CABINET DOOR REMOVED)

Westinghouse Electric & Manufacturing Company
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TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

SAFETY WARNING - ALWAYS OPEN SAFETY DISCONNECT
SWITCH S3 NEAR LINE TUNING COIL L6 BEFORE TOUCH-
ING TAPS ON COIL L6 OR TRANSFORMER T1.

APPLICATION

The type GO transmitter-receiver was
designed primarily for carrier current relay
operation. The relay circuits are arranged so

that carrier 1s transmitted over a line sectilon
to prevent the tripping of breakers on external
faults. All the carrier equipments on a single
line section operate at the same carrier fre-
quency so that when any one or more transmitters
are energized, all of the recelvers respond.

Besides relaying, the carrier channel
may also be used for one other of the following
services: telemetering and automatic load con-
trol, remote tripping, supervisory control, or
voice communication. The connections of the ad-
ditional equipment required for these services
are such that the carrier relays always have
control of the channel. The carrier sets are
equipped with a plug jack outlet 1nto which a
telephone hand set may be plugged for point-to-
point voice communication.

CONSTRUCTION AND OPERATION

The type GO carrier transmitter-re-
ceiver components are mounted on a vertical
panel (figures 1 and 2) and housed in a weather-
proof cabinet for outdoor mounting. The sets
are ildentified as follows:

Style #867386 for 100-150 volt d-c. power supply
Style #867387 for 200-300 volt d-c. power supply

These sets contain all the component
parts necessary for converting d-c. power imdto
carrier frequency power (50 to 150 kilocycdes)
for transmission, and also for converting res
ceived carrier frequency power 1into d-ciffor
relay operation. The transmitter-receiver unit
weighs approximately 95 pounds.

The vertical panel 1s approximateldy A2
X 32 inches and 1s hung by trunniond~ ontmthe
right-hand side. It may be swung open o)\ com-
pletely removed from the cabinet, ag§,desired.
Looking at the front of the panglWthe“various
instruments and dials are identifdied b¥pindivid-
ual name plates and on figure )l Dby mumbers which
designate the component parts; idin “the wiring
diagram, figure 3, and throughoutWthe text.

Two shelves extend \from) the rear of
the vertical panel, one _neap the top and the
other near the bottom. A shield panel connects
the two shelves and sepafates the transmitter
section on the left side “of the panel, figure 2,
from the receivergsection on the right side of
the panel. Thedlocation“ef the various compon-
ents mounted on{ thefreargof the panels are shown
in figure 2. Theyarrafigement of parts provides
good heat distributienfand accessibility as well
as the necessary electrical shielding.

A complete diliscussion of the operation
of vacuum ;jubes in the transmitter-receiver cir-
cults 1is beyond the scope of thils book and the
reader #s, Invited to consult one of the many
radio. text “Books 1if a discussion of the princi-
ples dnwolved is desired. Those who are suffic-
iently interested to pursue such a study will
find that the circuits involved in this trans-
mitter=receiver are conventional and that so far
&8s, possible they have been simplified by the
omission of all unnecessary components. The
Colpitts oscillator circuit 1s so proportioned
that one-half of the high frequency voltage out-
put from the plate of the tube 1s coupled back
to the grid for excitation purposes. Since

there is no d-c. bilas voltage applied to the os=
cillator tube under transmission conditions, _an
appreciable amount of grid current flows while
this tube 1s oscillating. However, the ‘same
grid excitation voltage applied to the ampiifiexn
tubes causes a negligible amount of grid/current
because of the fixed d-c. blas provided. The
amplifier tubes are, therefore operating Thwthe
mode described as Class A operation. It 1s not
necessary for the users of this equipment to Dbe
thoroughly familiar with the operationgof this
circuit, but such a knowledge will aid in secur-
ing the best possible operationg™“Those princi-
ples which 1t 1s considerged essentlal that the
user understand are describe@, in“the appropriate
section of this book.

The type GO transmititer-receiver con-
nections are shown schematic¢ally in figure 3. A
single oscillator tube QU1 Vis used to generate
carrier frequency voltagel which 1s amplified
either by two tubes V3pand VL4 in the push-pull
circuit, or if desimed, Wy six tubes V3 to V8 in
a push-pull parallel epnnection. The receiver
circuit utilizes ‘@\single vacuum tube V2. The
oscillator tubegope¥ates in conjunction with the
frequency determining circuits L1,Cl, C2 and C3.
Direct current, grid and plate voltages are sup-
plied through resistor R15 and reactor L3. Cap-
acitor C4 Wish, used to prevent short-circuilting
these gvoltages. The carrier frequency‘voltages
acrogs capaclitors Cl and C2 are equal, but of
oppesitepphase, and are applied to the grids of
the amplifler tubes through capacitors C5 and
C6.@ Theynecessary d-c. bilas voltage for these
grids is supplied through resistors R4 and RS.
The s@le purpose of resistors R8 to R13 1s to
prevent undesirable interaction among the ampli-
fier| tubes.

The plate circuits of these amplifier
tubes are connected to the primary transformer
Tl which 1s an iron-cored transformer operating
at carrier frequencies. The secondary of this
transformer is designed to supply a resistance
load of any value between 50 and 500 ohms. By
making the inductive reactance of the reactor L6
and variometer L7 equal to the capacitive react-
ance of the line coupling capacitor, series re-
sonance 1s obtalned and the load on transformer
Tl is a pure resistance.

The, secondary of transformer Tl also
serves as an auto transformer for the received
signals and supplies energy to the primary tuned
circult of the recelver formed by capacitor C8
and Inductance L4%. This circuit, when properly
adjusted, 1s series resonant. The action of the
neon glow protector lamp V9 is primarily to des-
troy this series resonance when local signals
are received so that the voltage across induct-
ance L4 never exceeds approximately 150 volts.
The current through the neon glow lamp i1s 1limit-
ed by the relatively high reactance of capacitor
c8.

The receiver secondary circuit con-
sisting of capacitor C9 and inductance L5 deliv-
livers the carrier frequency voltage directly
to the control grid of vacuum tube V2. This
arrangement 1increases the receiver tube plate
current by about 6 milliamperes during the re-
ception of large carrier frequency signals. This
tube V2 normally (stand-by conditions) has a
sufficient bias voltage applied between 1ts
cathode and 1ts grid so that no plate current
flows. A received signal over comes this bias
and causes plate current to flow through the re-
celver relay. If the peak value of the received
signal exceeds the blas, grid current alsc
flovs through resistor and additional
/

- E/



TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

c-1 S )
Gz‘h—“~““J.....-ummnn‘
c3 ¥ B c6
R-10 e 5
R-2 . :
Rz — = aumm .
R-4
Kl . g 7‘ iy
= ma-15
L _—R-16
y . :
T-2 :
Tl —y .
2
-l WS
4 L3
I — ’
J-1A — ~——c3
R-17 w e z
L7 G :
R-18
L-6 :
TOLINE ;
COUPLING CAP. 5 1
s-2 v e; :
S \“‘.,;w’ )
R-I $G-1 $-3  OSCILLATOR TUBE PLATE TAP

Figure 2

-

(3

> T

CATHODE TAP

Rear Views of Transmitter-Recelver (Cabinet removed)
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€4 S S5 Symbols
= S PROTECTIVE CAP Types 6L6 on 25L6 Tubes
L Oscillator Tube V1
\{ L3 | C, V- [ Receiver Tube ve
Z Rg 3 Rio \& T, Amplifier Tube V3-VE
\ R Lg Lg Neon Lamp Vo
AW = 4
<t S3 LINE Ammeters
U = W Amplifier Plate M.A, M1
ANU———1—4 Receiver Relay M.A, M2
R7 C'] 2 S2 l Carrier Output M.A, M3
= Cathode Heater My
Rg TELEPHONE MONO PHONE
) (AT SWBD)
VG :
Ro Va Ry Fosy
{ A
CC & + JA(KS
)4 ] 1’\/ Pst é _5 AT SWBD.
R Ris il —
é:;z é' y {9 R M
[ Ci1q Mt
—3— —q—z— . JiAa
BC| g 3 /
A2 251
T K
2 &Sz s
s e —_——— —— ALAR#
F |
n
(3 e
2 e
nog,> TELEPHONE DESK STAND
; 4 SET(AT sSwaD)
LK,
Kt
L8
. HCB
1
RieS |
L |7
OMIT FOR 250, A

Vz: V4 V3 Vi /Ry

ALLTUBE SHELLS R;:HOVET FOR .
30 WATTS OUTPU
Ve dvg Vp\s 250 V.-D.C. SUPPLY

A O0.25 MEGOHM RESISTOR

i

2

] P

) o

72N\ 4 {0
f. ;

o, &
L _e—d
TELEPHONE
MONOPHONE
(CARRIER SET)

J

Figure 3

Jote: -

For Communication

from the carrier set. only
connect terminal BC thru
alarm Relay Contact and Bell

to positive,

Schematic Internal Wirdng of the Transmitter-Receiver (Connections beyond set external connections required for communication),

£ V‘»‘)

5,
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TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

STATION BATTERY~ STATION BATTERY-~ :E:—STK”ON BATTERY-{

-B

| M |

i
TEST BUTTON— TEST BUTTON—| [PBH—TEST BUTTON—|
CARRIER CONTROL~ CARRIER CONTROLY [ K HCARRIER CONTROLY

A2

" B
FILAMENTS*—] [T F—FILAMENTSX —
RRHRECEIVER OUTPUT~ RECEIVER OUTPUTY [RRI-RECEIVER™ OUTPUTY

+B +B +
+ |-STATION BATTERY~ T ]-STATION BATTERYy [+ 1-STATION BATTERY-
CABLE I CABLE CABLE 1

TO SWITCHBOARD

125 VOLTS d.c. SUPPLY
5/15 WATTS OUTPUT

TO SWITCHBOARD

250 VOLTS d.c. SUPPLY
10 WATTS OUTPUT

7
TO\SWITCHBOARD

25Q)VOLTS d.c. SUPPLY
300FWATTS OUTPUT

(REMOVE JUMPER SHOWN
IN FIGURE 3)

FOR VOICE COMMUNICATION MAKE THE “ADDITIONAL EXTERNAL
CONNECTIONS SHOWN IN FIGURE 34

* CONNECT TO 220 OHM RESISTOR WAT SWITCHBOARD THEN TO

POSITIVE OF STATION BATTERY.

Figure %
External D-C. Connectiong“te the Relay Equipment

bias results. This extra bias tends T, rgduce
the plate current with the -net result that it
does not increase beyond a predeterminedy, value.
Because of the initial bias, the grid leak and
capacitor combination has no effect” upon™ the
operation with weak signals being received¥ The
carrier frequency component in thegplate//circuit
of this tube is by-passed by cdpacizo?r Cll and
the direct current component, passes through
milliammeter M2 and the receivér “Red@y to the
positive bus.

The potentiometeéf resistor Rl is used
to adjust the oscillator andyreceiver tube volt-
ages to the proper valugg. Cafhode resistors R6
and R7 automatically pnovidé€\the proper bias for

the amplifier tubes. Milllammeter M1 1is used
to check the curredfiy output of the amplifier
tubes. The cathode gdeéiter current is read by

the ammeter M4 ,QandVifs adjusted by resistors R2
and R3. Thesge cimcui®s are arranged so that
either two of six amplifier (total of either 4
or 8) tubesfmayfdbe used as required for a speci-
fic applicatiofn. The power output with six
amplifier tubes, will be approximately three
times the value“which can be obtained with only
two tubes.

Protective gaps as indicated on the
diagnram are provided to prevent possible damage
from ldightning or switching surges. Disconnect
switeh ©3 is provided to protect the person mak-
ing ‘@djugtments on tuning coil L6 and transform-
erW@l. It should always be opened before making
Such adjustments.

Switech S1 and fuses Fl and F2 com-
Pletely isolate the equipment from the power
supply voltage except that the convenience out-
let PS-1 is still energized. <~ Test button S2 is
arranged so that it normally shunts carrier out-
put milliammeter M3, Dbut this shunt is removed

-5

.

when the button 1is
mitter.

pressed to check the trans-

Point to Point Voice Communication

Point-to-point voice communication 1is
possible from the carrier set by plugging a tel-
ephone hand-set in jacks J1 and JlA. If desired
a duplicate set of jacks may be located on the
switchboard, or a desk-type telephone set locat-
ed on the station operator's desk for communica-
tion from any of these points, as well as from
the carrier set. It should be noted that com-
munication can be carried on from only one loca-
tion at a time. The connections are shown
schematically in figure 3.

The modulating components of the car-
rier set are the microphone transformer T2; the
relay Kl; the grid-bias resistor and condenser
R16 and Cl2; telephone jacks J1 and J1A; relay
resistors R17, R18; and condensers Cl3%, Cl4. In
the 100 to 150 volt carrier sets the resistor
R18 should be shorted out as shown in figure 3.
When communication 1is desired, the operator
plugs his hand-set 1in jacks J1 and Jl1A and sig-
nals the distant operator by pressing the push
button on the telephone set. This starts car-
rier by energizing relay K1 which closes 1its
contacts 1K1. Contact 1K1 connects negative to
the oscillator tube cathode circuit thru termin-
al K. Starting carrier rings the carrier alarm
bell at the distant station. Plugging in the
telephone hand-set will disconnect the 1local
alarm bell to prevent it from ringing during
communication or when signalling the distant
station. This 1is done by the test jack J1A
opening the bell circuit terminals BC to -B. At
the completion of the predetermined communica-
tion signal the local operator releases his push
button on his hand-set. The distant operator
plugs in his hand-set and talks to the first
operator after closing the push button on the
hand-set.
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While the initiating operator is talk-
ing, the distant operator should listen but not
close his hand-set push button. If both opera-
tors close the hand-set push button at the same
time, communication is difficult because of a
heterodyne signal being set up. The speaking
operator only should push the hand-set button
while talking and when he desires to listen, he
should release his push button. Then, the other
operator should close his push button and talk.

Closing the hand-set push button also
energizes the telephone microphone directly from
the station battery thru the relay K1, R17 and
R18. The relay contact 2Kl modifies the bias
connections of the amplifier tubes by discon-
necting the bias resistors R4 and R5 from -B and
connecting them thru the secondary of the micro-
phone transformer T2 to the modulator grid bias
resistor R16 and condenser Cl2. This transfer
increases the oscillator tube grid leak to ap-
proximately twice 1its normal value and reduces
the oscillator output very slightly in order to
produce the necessary bias to the amplifier tube
grids. Modulation by the grid bias variation
method is then possible. Talking into the mi-
crophone sets up voice frequency currents which
circulate thru the microphone, condenser Cl4 and
transformer T2 primary circuit. These currents
are transformed thru the microphone transformer
T2 to modulate the carrier frequency output.

The received signal is demodulated by
the receiver tube, V2, and passes thru the hand-
set ear phones from the receiver tube plate thru
milliammeter M2 and condenser Cl3 to -B.

INSTALLATION AND ADJUSTMENT

Installation

The type GO transmitter-receiven
equipment as supplied 1includes an accessOry
package in addition to the main cabinet. The
items received should be carefully checked
against the parts list which will be found 4n a
later section of this book and also against the
order or requisition for the equipment. =~ Any
shortage should be reported immediately to the
transportation company, and the neargst district
office of the manufacturer. The equipment
should be very carefully checked forpdamaged or
missing parts and particular attentaon showmld be

given to any parts which have@Qbécone, loose in
shipment or wires which have broken due to vi-
bration.

The transmitter-receiver ) set should
be mounted as near as possibde,tomthe line coup-
ling capacitor. If a pedestad type coupling
capacitor 1is wused, @t will gemnerally be found
convenient to mount bothQunitisgdn the same steel
structure. In this g&ase, €he lead-in bushing is
to be installed ongthe gide of the cabinet which
is used for connectiondto the coupling capaciton
Figure 14 shows the Woutlifle dimensions of the
transmitter-receiver cabinet.

The lead-in wire connects the coup-
ling capacitor to the transmitter-receiver set.
It should bejgrun thru the 1lead-in bushing and
connected to he terminal marked "Line'" near the
disconnect@switch S3. The insulation of the
lead-in cable “@with respect to ground must be
much begtémr, than is ordinarily employed for the
voltage whichvexists between these points, as it
effecgdvely shunts the reactive elements of a
resonant “‘@ircuit at carrier frequency. The imp-
edgnee; of this resonant circuit is several
thousand“ohms and 1leakage resulting from rain,
8nowy sleet, too long a lead-in wire, or too
manyesupporting insulators will tend to reduce
the power output of the transmitter and reduce
theVsensitivity of the receiver. This 1lead
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should not be enclosed in a conduit, since the
capacitance of the lead to the ground should pe
kept as small as possible. A cable insulated
with a high-grade rubber and suitable foz at
least 7500 volt service 1is recommended 4 The

actual current carrying capacity of this conducs
tor need not exceed #14 gauge wire. Howeuens
for mechanical reasons a somewhat larger size
will usually be desirable. A suitable length of
#12 cable (19 strands of .0185 wire) with a rub-
ber insulation .308 inches thick is supplied
with the coupling capacitor for g@ennccting the
coupling capacitor to the carrierfiget. If a
pedestal type coupling capacitor“is used, it is
recommended that a copper bonding, é&ble be con-
nected from the grounded fgame ofpthe coupling
capacitor to the transmittér-peceiver cabinet.
This bonding conductor should/be/placed parallel
with the carrier frequeney “le€ad and spaced at
least one foot from if. Figure 5 showzs a
typical installation of“he transmitter-recciver
set and coupling capagitory

The necessary connections from the
transmitter-receiver %o, the switchboard or power
supply are to be made iIn a suitable conduit in-
stalled in ghe kno€ktotut in the bottom of the
transmittersreceivericabinet. Number 12 gauge
wire 1is recommended for these connections. Be-
fore actuallymaking these connections, the
detailedinstallation diagram should be compared
with the eXternal connection diagrams of figure
4 to be sureWshat there is no conflict.

Do not insert any of the tubes or
fuses “@&n the transmitter-receiver unit until
the fellowing sections dealing with circuit ad-
justments have been read through very carefully.

Circuit Adjustments

The first consideration when putting
this equipment into operation will be the choice
of carrier frequency. Prior to shipment, the
equipment is very carefully. tested and adjusted
for operation at 100 kilocycles with a 0.001 Mfd.
coupling capacitor, 500 ohni equivalent line re -
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RESONANT TRANSMISSION
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s
e
TUNING

ADJUSTABLE | NDUCTANCE
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GROUNDING | [Bf==—--- P SULATO!
SWITCH
"
PROTECTIVE !
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sistance, 125 or 250 volt battery, and all eight
vacuum tubes.

Tables of adjustment data and curves
covering the operation of the equipment under
all normal conditions are included as an aid to
making adjustments. These tables cover the ad-

" justment of the equipment as shipped from the

factory. If conditions in the field differ from
the final factory adjustment conditions, it will
be necessary to refer to the curves of figures 6
to 13 and vary the adjustments accordingly. Some
of the values 1in the table should be the same
for all installations and, therefore, no curves
are given for these quantities. Separate tables
are given for 125 volt operation and for 250
volt operation, even though many of the values
in both tables are the same. Type ©25L6 tubes
are to be used for 100 to 150 volt operation and
Type 6L6, for 200 to 300 volt operation. During
the preliminary adjustments, all eight tubes of
the correct type should be used until the equip-
ment 1is operating satisfactorily. After the
ad justments are complete, 1f it 1is found that
all of the available power is not required, four
of the tubes may be removed and certain of the
ad justments as 1ndicated Dbelow changed accord-
ingly. The connections shown in figure 4 should
also be changed if necessary.

The following tabulation gives the
type tubes and connections to be used and batt-
ery burden for the d-c. supply voltage and
radio-frequency outputs shown.

Normal Battery Load

Type No. Heater Supply Amperes Norm&l
Tube Tubes Conn. Volts Standby:Trans. _Output
25L6 4 Series 125 .362 .506 5
25L6 8§ 2 8roupsipg .662 1.0%6 15
parallel
6L6 4 Series 250 .950 1.09% 10
L6 8 Series 250 .950 134 30

Add .050 amperes to transmit®ing loads
above when the communicationghandset-push-button
is closed.

The adjustment pnocedure will follow
the tabulation as closel¥ypé&s Possible and,there-
fore, 1t is important tofBecomer thoroughly fam-
iliar with the tables. gF¥ve“gdlumns are includ-
ed in these tables: the figst column 1indicates
the contrel, instrumentjor guantity to be check-
ed: the second codumn“dndicates the maximum
value which is permigsible; the third column
indicates the minimum value which i1s permissible
the fourth colummy indieé@tes the normal value of
the quantity§y andWythe fifth column should be
filled in &t thé& time® of installation to indi-
cate the detuad valire which was obtained. This
last column 28 of great importance and should
always be filleddin just as soon as the equip-
ment is 1installed. A copy of these values
should be kept with the equipment for checking
purposes and, all letters of inquiry to the manu-
facturer regarding the operation of this equip-
ment ‘8should be accompanied by a copy of this
foem, Wwith all blanks properly filled.

1. The first line in the adjustment data
table? 1s the power supply or battery voltage
which is to be measured at the terminals of the
eguipment by connecting a voltmeter into the
convenience outlet PS1, which is marked VOLTAGE.
The actual value of this voltage should be ent-
ered on the line in the fifth column of the data
table. The limits given on these quantities are
intended to 1include the maximum variation in
power supply voltage, as indicated. It should
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be observed that the maximum and minimum varia-
tions of the values in the table are notgeall, the
same percentage. This means that with the aet-
ual normal voltage at PS1, the variousjcircuit
components can be adjusted within all*the Timits
given, but once the normal voltage is establish-
ed, 1t should not be permitted to fluetuafe more
than + 5%.

2. If the supply voltage 1is within the
limits shown, the fuses and resistérs should be
inserted in the equipment but no tube should be
placed in any socket until” the following tests
have been made. In erdepthat these fuses and
resistors may function@properly, they should
be carefully checked againsg, the parts list to
see that they are of ghejeorrect values as mark-
ed. The location off these¥components is shown
in figure 2. The two flusegs F1l and F2 are to be
mounted in the receptacles FS1 and FS2 which are
one above the other. The neon lamp V9 is to be
inserted later in“®he/third receptacle V39. of
the three largeryresistors, the highest value
resistor Rl {2000“®hms for 100 to 150 volt sets,
5000 ohms for<200 to 300 volt sets) is to be in-
serted ingfhe clidps farthest from the front of
the panell. /These clips are located on the under
sidefof thel bottom shelf on the vertical panel.

The other twefd of the larger size resistors R2
and R3%have' the same res1stancn value (150 ohme
61, 1009t 0 150 volt sets, 80 ohms for 220 .to
300, VOl lsets) and are to be inserted in the
méddle and front positions, respectively. The
twe small resistors R6 (60 ohms for 100 to 150
voltpdets, 120 olms for 200 to 300 volt sets)
and R7 (30ohms for 100 to 150 volt sets, 60
ohms for 200 to 300 volt sets) are to be insert-
ed"in the clips on right-hand side (rear-view)
of the shield panel. These clips are directly
beneath the upper shelf. The lower resistance
value resistor R7 is to be inserted in the clips
nearest the front of the panel.

. The power switch S1 should be closed
and, 1if necessary, the taps on resistor Rl
should be adjusted so that the oscillator screcen
and plate voltage, and the receiver cathode
voltage, when measured between terminal -B and
the proper taps on this resistor, are approxi-
mately as indicated by the next two lines of the
adjustment data tables. Battery positive + B is
connected to the end of the resistor R1 nearest
the hinged edge of the vertical panel. The os-
cillator screen and plate voltage tap is nearest
the +B end of RI1. These voltages will be ad-
justed more accurately after some of the other
adjustments have been made, Dbut it is important
that the values shown be approximately correct
so that the vacuum tubes will not be injured.

4. Next, power switch 81 is to be opened,
the neon glow lamp V9 and four tubes are to be
inserted in the sockets V1 to V4. These are the
four sockets on the upper shield nearest the
front of the vertical panel. Power switch S1 is
then to be closed again and resistor R3 adjusted
to obtain the proper cathode heater current M4
which is to be as indicated in the table. Note
that when power switch S1 is first closed, the
current will be above normal due to the low re-
sistance of the cold cathodes. Consequently,
power should be applied r'or about 30 seconds be-
fore the final current check is made. The ex-
ternal connections for various conditions are
shown on figure 4.

These same diagrams will apply for the
next test which is made by transferring the four
tubes already 1in the front sockets to the rear
sockets V5 to V8 inclusive. With the tubes in
the rear sockets, the resistor in the middle
position R2 1is to be adjusted to give the cor-
rect value of cathode heater current ammeter M4
as indicated in the table.
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6. Next, all eight of the tubes, V1 to V8
inclusive are to be inserted in their sockets
and the connections changed per figure 4, if
necessary. With this setup, the cathode heater
current ammeter M4 is to be checked against the
tables.

T. During the above adjustments, the test
button S2 should not be pressed, and all cur-
rents other than the cathode heater current
should be zero, with the possible exception of
the receiver relay current milliammeter M2. Ir
any of the other instruments indicate current,
the cause should be determined before proceeding
with the test.

8. The receiver cathode tap on resistor
R1 should be adjusted and the voltage should be
as indicated by the data tables. The data
tables indicate the standby receiver relay cur-
rent, which is a very small value. The 1limits
shown are intended to indicate that this current
should be the lowest possible value which will
move the pointer on the milliagmeter.

9. The next adjustments determine the
frequency of the equipment. The adjustment data
given in the tables are for a frequency within
the limits as indicated. If the frequency to be
used is other than 100 kilocycles, the oscilla-
tor frequency dial, L1, which controls the car-
rier frequency transmitted should be changed ac-
cording to the curve of figure 6. When practi-
cal, this frequency should be checked by a wave-
meter and the actual value entered in the table.

10. The next two lines in the tables show
the .ine coupling capacitance and equivalent
line resistance wused to determine the data that
follows. If the 1line coupling capacitor ig
other than the value indicated in the table, 0OFr
if the equivalent 1line resistance 1is different
from that indicated, the curves should be ‘@en-
sulted, as discussed below. Actually, the
equivalent line resistance 1is a quantity which
is somewhat difficult to measure and will nog
ordinarily be known. Usually, 1t will bel) nec-
essary to determine this resistance, asgindicas
ted later.

11. It is necessary to cancel 4the Wméact-
ance of the coupling capacitor by @djusting the
combined inductance of 1line tunifig, coil?L6 and
output tuning variometer L7 soWthat“the circuit
is series resonant. In addition“to the capaci-
tance of the coupling capacito#,#there is an ap-
preciable amount of stray capacitafice due to the
cable connecting the line coupling capacitor to
the ftransmitter-receiver setw Also, the trans-
mission line may be slightdy¢reactive. Thus,
figure 8 is a purely Qtheasétical curve based on
the effective capacisfance “cGomnected to the line
terminal. Apprecigble va®riation from the values
shown may, therefore 'be eXxpected in any actual
installation. Taps O g6 15 on inductance L6
correspond approximatelyfto millihenries, pro-
vided the connection“gfrom the variometer is to
terminal O. The variometer has an inductance
range of approximately .17 millihenry to 1.7
millihenries. Thegsum of the two inductances,L6
and L7 shoudd be ‘the value indicated on the
curve.

12. The“mext adjustment 1is the receiver
primary dnductance L4. Either the whole coil
should “be used or the 1larger portion of it from
the @ap ‘to the finish end of the coil. The two
curveg of)figure 7 1indicate the effect of this
adjustment and show quite clearly that it 1s of
little“Importance except near the ends of the
freguency range. The receiver secondary induc-
tance L5 is identical with L4 and should be ad-
Jjusted in the same manner. The axes of these
colls may be turned so as to form any desired
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angle with a corresponding value of coupling be-
tween them. This coupling 1is not important @&s
long as the axes of the coil are not coincident-
al, nor at right angles to each other. Maximam
coupling occurs when the axes are coincidental
and approaching this adjustment will inereasg
the receiver sensitivity.

13. On the average open-wire transmission
line the carrier signal received from the ,trans-
mitter at the other end of the line is so“Strong
that the location of the receivezsgptap on trans-
former Tl is not very critical. fThemusual loca-
tion of the receiver tap isQbetween taps 2 and
9. It 1is only on a weak recelvied sdgnal and for
very selective tuning thatgit 1§, necessary for
careful matching of the frecediver circuit thru
the selection of the receivenitap’. Very select-
ive tuning is necessary eonlylwheére adjacent line
sections have carrier freguencies less than 10
kilocycles apart. Wheke 1ess than 10 kilocycle
separations between _adjacent line are required,
the manufacturer shéuld@, be consulted.

14, In order “Bo get maximum carrier fre-
quency transmitgernefflciency, it is important
to carefully matghSthe impedance of transformer
Tl to the dmpedance /of the transmission line, as
measured fromyythes line coupling tap. When the
set 1s properly tuned for seriles resonance
these dmpedancees appear as effective resistance.
The curves ofmfigure 9 show the relation between
this lequiva@lent 1line resistance and the line
coupling, taps’ on transformer T1l. For average
opentwireQtransmission lines the equivalent line
resistance is about 500 ohms.

a5. When all of the above adjustments up
Po/fthis point have begn made including a trial
setiting of the transformer tap T1l, the test but-
ton S2 should be pressed and carrier transmitted
over the line. The carrier output current on
milliammeter M3 should be observed and the out-
put tuning variometer L7 adjusted for maximum
output current. This adjustment establishes
series resonance 1in the circuit including coil
L6, coil L7, coupling capacitor, and transmis-
sion line. The line coupling tap on transformer
Tl should be readjusted to obtain best matching
which will be indicated by maximum carrier out-
put. If two taps give approximately the same
carrier output, the higher numbered tap should
be used.

Changing the adjustment of taps on
transformer T1 will make readjustment of vario-
meter L7 necessary to maintain series resonance.
If resonance of variometer L7, as indicated by
maximum carrier output current M3 occurs at a
dial setting of 100, it is advisable to try one
less millihenry in coil LE. Conversely, if
resonance occurs at zero on the output tuning
variometer, more inductance should be included
in the circuit by increasing the tap on induct-
ance coil L6. Do not fail to open safety discon-
nect switch 33 before changing any of the taps
on output tuning coil L6 or transformer T1l. Al-
though safety gap SG1 1is set sufficiently close
to protect the equipment from surges, it is pos-
sible for the operator to receive a severe shock
unless the disconnect switch is open.

16. The next adjustment is quite important.
Figures 10, 11, 12 and 13 show the effect of os-
cillator plate voltage wupon the plate currents
and output currents. These curves have also
been plotted to indicate the product obtained by
multiplying the readings of amplifier plate cur-
rent milliammeter M1 and carrier output milli-
ammeter M3. The object of this adjustment is to
obtain a value of oscillator voltage which will
result in the maximum of this product. By re-
ferring to the curves, it will be seen that as
the oscillator »nlate voltage is increased above

J
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Oscillator Output Characteristics Using Four
Type 25L6 Tubes.
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Figure 12
Oscillator Output Characteristics Using Eight
Type 25L6 Tubes.
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a certain value, the amplifier plate current de-

creases rather rapidly. It will also be noted
that the carrier output current does not in-
crease much after a certain oscillator plate

is reached. The product of these two

reaches a maximum under the best oper-
Therefore, the oscillator
plate voltage tap on resistor R1 is to be moved
slightly from its 1initial adjustment and the
readings of the milliammeters M1 and M3 observed
and multiplied together as a check for the maxi-
mum value of the product. Regardless of instal-
lation conditions, the amplifier plate current
as read on milliammeter M1 should be within the
limits indicated in the data tables, but the
carrier output current, as indicated on milli-
ammeter M3, may vary quite considerably from the
values given if the equivalent 1line resistance
is other than 500 ohms. This variation in out-
put current will cause the product to vary cor-
respondingly.

voltage
currents
ating conditions.

17. If suitable instruments are available,
the oscillator combined plate and screen current
should be measured by disconnecting the tap
nearest the +B end of Rl and connecting a milli-
ammeter in series with this lead. This test is
not particularly important, but 1t serves as a
convenient means of checking the equipment at a
later date if trouble develops. However, it is
of consliderable importance that the oscillator
plate and screen voltage be recorded, since this
must be within the limits shown in order to in-
sure satisfactory tube 1life.

18. After the above adjustments are com-
pleted, carrier should be transmitted from the
remote equipment so that the recelver may be ad
Jjusted for maximum receiver relay current i
cated by milliammeter M2. The approxima

tings for the receiver primary capacitor

:d by figure 7. It 1s wusually necessa
just these capacitors slightly to obtairn
ance with the remote signal. It will
be found impossible to adjust these
receiving from the local transmitter,
signal strength is so great that

will tune very broadly. As a mattegr off§yfact the

values shown by the curve are fuch\more/accurate
than the settings which may ed using
the local transmitter. Whe he mote signal
has been tuned in, the regeil relay current
milliammeter M2 should be co and then the

test button 852 pressed, a
recorded for the 1local
This completes the adj
for normal conditions

current again
sion condition.
of the equipment
of the blanks in

the fifth column of Justment data table
should be filled ,in leaving the equipment
It is desirable epeéat/the above adjustments

es er to be sure that the
be obtained.

asions the noise level on
the transmiss es due to 1line-switching
disturbances o .erference from other carrier
sets may be great enough to increase the receiv-
er plate current above the pick-up value of the

two or three t
best settings

receilver relay element. This interference may
be reduced in either of two ways, or by a com-
binati of both.

By reducing the coupling between
5 to near its minimum value. (Minimum
occurs when the coil axes are at right

receiver tube
voltage 1is in-

2. By increasing the
cathode voltage. The cathode

creased by moving the receiver tap on resistor
1 toward the +B end of the resistor. This re-
duction of interference is a matter of trial and
error. As both the desired signal and interfer-
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ence signal are reduced by these adjustment
care should be taken that the desired sigr
not reduced below a safe operating —al

receiver relay element.
OPERATION

Wnen this equipment is properl in-
stalled and adjusted, it may be placed opera-
tion by closing safety disconnect switch 83 and
power switch S1. The transmission of carrier is
automatically controlled by theg associated
relays and requires no attention on the part of
the operator except mainten as explained in
a separate section. T taken
out of service at any
and disconnect swvitches
no powver consumed fro s
appreciable deterioragi
long periods of timg.

hich case, there is
ly source and no
f tne equiprent ~v-

vith the 1installation
equipment, several in-
t ordinarily used for £0

and maintenance of
struments vhic
cycle measurem
loscope,
meters, a m

thermocouple volimeters and am-
ale high resistance d-c. volt-
east 1000 ohms per volt, a
milliammeter, a suitable tube
wavemeter for carrier frequency
ery helpful.

After installation, the equipment
inspected daily for the first week or

o ee that 1t functions properly and that

thing overheats. This procedure will pernit
t operators to become familiar with the equip-
n After the first two weeks, a careful in-
ction once every week will be sufficient.
en Lthese weekly 1inspections are made, 2all
eter readings should be recorded.

Vacuum Tubcs

If any discrepancy of the meter read-
ings 1s noticed after a considerable mneriod of
operation, all of the vacuum tubes should be
checked to see that they are still in good con-
dition. Occasionally, a defective tube will ap-
pear within the first month of operation. In
general, no tube {rouble should be experienced
after this period until the useful 1life of the
vacuum tube has expired. Owing to the wide var-
iation in the activity of the equipment, it is
impossible to state how 1long the vacuum tubes
may be expected to operate.- If a standard type
of tube checler 1is used for testing the vacuum
tubes, the 1limits which are given in the in-
struction book covering its use will usually be
found satisfactory. If no tube checker is
available, it will be found satisfactory to
check each of the questionable tubes in the os-
cillator socket V381 which is in the front right-
hand corner of the tube shelf. In making this
test, tubes which are known to be satisfactory
shiould be inserted 1in all of the other sockets °
and the carrier frequency current into the line
coupling capacitor should %Ye observed for the
normal oscillator plate voltage which is used.
A tube which does not oscillate after applying
normal heater current for one minute will be
considered unsatisfactory. Also, a tube which,
used as an oscillator, does not permit the
equipment to deliver approximately full power
output should be replaced. No definite end
limits can be given because of the wide varia-
tions 1in transmission efficiencies of various
lines. On short or low loss lines, tubes can be
used which would be too weak for use on long or
high loss lines.

At the
the vacuum tubes

end of each year of operation,
should be removed from their




TYPE GO CARRIER CURRENT TRANSMITTER=-RECEIVER

ADJUSTMENT DATA FOR 100-150 VOLT EQUIPMENT (FOUR OR EIGHT TYPE 25L& TUBES)
See Text of instruction book for detailed discussion of following table.

Numbers preceeding data refers to text paragraph numbers.

Maz:. Min. Norm
1. With Power Switch S-1 off
Volts Battery (Power Supply) Voltage Outlet PS-l....uveeeeroenenenennenennns 150 100 125
2. With Fuses and Resistors but no Tubes in any Socket
3. Switch S-1 on
Volts Oscillator Screen & Plate -B to tap on R-1 (approximate acjustment)... ot 2€ 35
Volts Receiver Tube Cathode -B to tap on R-1 (approximate adjustment)... 25 15
4. With Neon Glow Lamp V-9 and Four Front Tubes V-1 to V-4 in Sockets .
Adjust R-3 for Amperes Cathode Heater Current M-4...........cvutiennnnennnn. .296 . 2
5. With Front Tubes Out and Four Rear Tubes V-5 to V-8 in Sockets
Adjust R-2 for Amperes Cathode Heater Current M-4 (For Four Tube Operation). .296 ,232

6. With all Eight Tubes V-1 to V-8 in Sockets - Adjust R-2 for Amperes

Cathode Heater Current M-4 (For Eight Tube Operation).........ceeeeeeeeeanss .59

7. With Test Button S-2 Open, M-1 and M-3 Must Be Zero

8. Adjust Receiver Cathode Tap on R-1 for Milliamps Receiver Relay M-2. .10 1 05
Volts Receiver Tube Cathode -B to tap on R-1 (final adjustment)............. 15 20
9. Adjust to Desired Frequency Referring to Curves - Data below are for
*¥9. Frequency in KilocycleS.u.eiiii i ennnnnnennnnns C ittt i e 99 100
9. Oscillator Frequency Dial L-l.......ouveeernnnneennnns e 75 80
'10. Line Coupling Capacitor in Mfd........ [ C s et .0009 .001
#10. Equivalent Line Resistance in Ohms............ e ettt 450 500
11. Line Coupling Tap on L-6....... et ieee e 1 1
11. Output Tuning Variometer L-7 Tap on L-@.......... R . 0 0
*12. Recelver Primary Winding L-4.......oiiuiiiniiiiinnnnnnnnennn. Tap Total
*¥12. Recelver Secondary Winding L-5........cciiiiiinnnn... Tap Total
12. Receiver Primary Axis L-4........... S, 75 88
12. Recelver Secondary AxXxis L-5....ccuiiiieennnreennnnnnnns 75 88
#13. Recelver Primary C-8 Tap on T-1 EFor Four Tube Operati € c
#13. Recelver Primary C-8 Tap on T-1 {For Eight Tube Oper 8 8
#14. Output Tuning Variometer L-7 Tap on T-1 (For Four T Ope 11 11
#14. Output Tuning Variometer L-7 Tap on T-1 (For Eight TubeyOperation).. 15 14 14
15. With Test Button S-2 Pressed, Adjust Ouput Tuni i ter L-7
for Maximum Carrier Output Current M-3
* Output Tuning Variometer L-T......eoeeeeeneees@moeeedecd e, . 100 0 50
16. Adjust Oscillator Plate Voltage Tap on R aximum Product of
Amplifier Plate Current times Carrier Output Curre 1 xM-3, .. i
Milliamps. Amplifier Plate Current M-1 eration).....coeven.. 133 87 110
Milliamps. Amplifier Plate Current M-1 peration)..... e 400 260 330
#Milliamps. Carrier Output Current M-3 Operation).....ceeeu.n. 115 85 100
#Milliamps. Carrier Output Current M-3 : ube’ Operation)........... 200 145 175
#Product M-1 x M-3 & 200 (For Four Tube Operafiom) ™ ................. e 78 37 56
#Product M-1 x M-3 &+ 200 (For Eight Tube Operatfon)..........ccveeeeeennenn. 400 200 300
17. Disconnect Tap on R-1 nearest hinge of Panel and insert
Milliammeter
*Milliamps. Oscillator Plate and Scré! .. 1 21 8.5 14
*Volts Oscillator Plate & Screen -B t -1 (final adjustment)........ 55 20 35
18. With Carrier from Remote tter, Adjust Receiver for Maximum
Receiver Relay Current M-2.
*Recelver Primary Capacltor Dial C-Ou. ae e vttt nntnnernnenneonnsnnesnnss 87 77 82
*Recelver Secondary Capacitor DHBT C-OU. ... ittt iinennrnnnnn 87 77 82
Milliamps. Receiver Relay Curr (Remote Transmitter Test).......coeo.. 30 10 15
18. With Test Button S-2 Cl
Milliamps. Receiver Relay C (Local Transmitter Test).....ceeeeeons 35 10 22
Repeating 16 to 18 reading ove with Handset HS-1 1n Jacks Jl and J1A and
Handset Button Press s
Milliamps. Amplifie -1 (For Four Tube Operation).........e.eeeceon. 106 70 88
Milliamps. Amplifi -1 (For Eight Tube Operation).........c.ecu.c.. 310 210 260
#Milliamps. Carr rrent M-3 (For Four Tube Operation)............ 92 78 84
#Milliamps. Carrie urrent M-3 (For Eight Tube Operation)........... 160 135 145
#Product M-1 x M-3 + or Four Tube OpPeration)......eeeeeeereeeenencnnnn 49 27 37
#Product M-1 x M-3 & 2 (For Eight Tube Operation)....... et 250 142 190
Milliamps. Receiver Relay Current M-2 (Local Transmitter Test)............ .. 28 10 18
“0lts Extra Modulator Bias across C-l2......ieuetiiinueernnnneeennnneennnnnes 14 10 12
Milliamps. tal Logg on Battery, Standby §For Four Tube Operation)........ 362
Milliamps. al Load on Battery, Standby (For Eight Tube Operation)........ 662
Milliamp 1 Load on Battery, Transmitting SFor Four Tube .Operation).... 506
Milliamps. Load on Battery, Transmitting (For Eight Tube Operation)... 1026
Add 5 mperes to Transmitting loads above when the communication hand-
set push-b n is closed.
* alues vary with frequency. See Curves.

#, hese Vvalues vary with equivalent line resistance. See Curves.
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TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

ADJUSTMENT DATA FOR 200-300 VOLT EQUIPMENT (FOUR OR EIGHT TYPE 616 TUBES)
See Text of instruction book for detailed discussion of following table.
Numbers preceeding data refer to text paragraph numbers.
Max. Min. Norm. Ac

1. With Power Switch S-1 off

Volts Battery (Power Supply) Voltage Outlet PS-l.............. [N PN 300 200 250
2. With Fuses and Resistors but no Tubes in any Socket
3. Switch S-1 on <

Volts Oscillator Screen & Plate -B to tap on R-1 (approximate adjustment)... 88 5 70

Volts Receiver Tube Cathode -B to tap on R-1 (approximate adjustment)... 50 40
4., With Neon Glow Lamp V-9 and Four Front Tubes V-1 to V-4 in Sockets

Adjust R-3 for Amperes Catnode Heater Current M-4............... e .. .888 45
5. With Front Tubes Out and Four Rear Tubes V-5 to V 8 in Sockets

Adjust R-2 for Amperes Cathode Heater Current M-4 (For Four Tube Operation). 888 846
6. With all Eight Tubes V-1 to V-8 in Sockets - Adjust R-2 for Amperes

Cathode Heater Current M-4 (For Eight Tube Operation)............... TSP 8 .846
7. With Test Button S-2 Open, M-1 and M-3 Must Be Zero : -
8. Adjust Receiver Cathode Tap on R-1 for Milliamps Receiver Relay M-2 .1 .01 .05

Volts Receiver Tube Cathode -B to tap on R-1 (final adjustment)............. 50 30 40

9. Adjust to Desired Frequency Referring To Curves - Data below are fo

*¥G. Frequency 1n KiloCyCleS. e iieeeiionronesnesoneseecnnsnnnns . . 01 99 100
9. Oscillator Frequency Dial L-l......cvviecrroconnnenns P 85 75 80
10. Line Coupling Capacitor in Mfd. ......... . .N011 .0009 .201
#10. Equivalent Line Resistance in OhmMS..o.e.vveenneeeennneeennnn .. 550 450 500
11. Line Coupling Tap on L-6.....vvvuue.n. .. 2 1 1
11. Output Tuning Variometer L-7 Tap on L- 6 se e e b e s e .. 0 0 0
*12. Receiver Primary Winding L-%....civeiiiniiiinnnnnnnn eeen Total Tap Total
*12. Recelver Secondary Winding L—5........... ..... e Total Tap Total
12. Receiver Primary Axis L-U4.............. e . . 100 75 88
12. Receiver Secondary Axis L-5. et 100 75 88
#13. Receiver Primary C- 8 Tap on 71 (For Four Tube Ope 6 5 5
#13. Receiver Primary C-3 Tap on T-1 (For Eight Tube Ope 8 7 7
#14. output Tuning Variometer L-7 Tap on T-1 (For Four 11 9 10
#14. Output Tuning Variometer L-7 Tap on T-1 (For Eigh peration 13 12 13
15. With Test Button S-2 Pressed, Adjust Output Tuni ometer L-7
for Maximum Carrier Output Current M-3.
* Output Tuning Variometer L-T.......cceveue.. B 9 A _FIRAN PP . 100 0 50 -
16. Adjust Oscillator Plate Voltage Tap on F M um Product of
Amplifier Plate Current times Carrier Output C -1 x M-3
Milliamps. Amplifier Plate Current M-1 (For 133 87 110

Milliamps. Amplifier Plate Current M-1 (For
#Milliamps. Carrier Output Current M-3 (For
#Milliamps. Carrier Output Current M-3 (For
#Product M-1 x M-3 ¢ 300 (For Four Tube Ope
#Product M-1 x M-3 & 300 (For Eight Tube O

17. Disconnect Tap on R-1 nearest hi
Milliammmeter

180 130 155
310 230 270

400 200 300

*Milliamps. Oscillator Plate and Sq‘een ceed 27 10 17
*Volts Oscillator Plate & Screen -B 110 40 70
18. With Carrier from Remote T h
Receiver Relay Current M-2.
*Receiver Primary Capacitor Dia ettt ettt 87 77 82
*Receiver Secondary Capacitor e et e 87 77 82
Milliamps. Receiver Relay Curgent (Remote Transmitter Test) ........ PP 30 10 15
18. With Test Button S-2 (Close
Milliamps. Receiver Relay Cur t M-2 (Local Transmitter Test)......c.eeeven. 35 10 22
Repeating 16 to 18 readi ve with Handset HS-1 in Jacks J1 and J1A and
Handset Button press c
Milliamps. Amplifi e -1 (For Four Tube Operation)..... e e 106 70 88
Milliamps. Amplif, t M-1 (For Eight Tube Operation)....... e 310 210 260 I
#Milliamps. Carr urrent M-3 (For Four Tube Operation)....... e 144 104 124 -
#Milliamps. Ca Current M-3 (For Eight Tube Operation)........... 250 185 215 - .
#Product M-1 x M For Four Tube Operation)........ e 51 24 37
#Product M-1 x M-3 (For Eight Tube Operation)............. e 149 130 186
Milliamps. Receilver ay Current M-2 (Local Transmitter Test).....eeeeeenn. 28 10 18
Volts Extra Modulator Bias acroSs C-12.....uetieeeeennooceeennanennnns e 18 14 16
Milliamps. Total Bivad on Battery, Standby (For Four Tube Operation)......... 950
Milliampsé, Total Load on Battery, Standby (For Eight Tube Operation)........ 950
Miliiamps.(Total Load on Battery, Transmitting (For Four Tube Operation).... 1097
Millia tal Load on Battery, Transmitting (For Eight Tube Operation)... 1317
Add 50 peres to Transmitting loads above when the communication hand-
set tton is closed.

e values vary with frequency. See Curves.
values vary with equivalent line resistance. See Curves.
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TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

sockets and their contacts inspected for pos-
sible dirt or corrosion. If there 1is any dis-
coloration, it may be removed by the use of very
fine sandpaper. In order to insure maximum tube
life, it 1is very important that the resistance

of these contacts be kept to an absolute minimum.

If necessary, this cleaning operation should be
performed more frequently than indicated above.

Fuses

Since the fuses in this equipment are
primarily intended to protect only against short
circuits or very severe overloads, they will
probably never fail during the 1life of the
equipment. It is desirable that they be removed
at the end of each year of operation and that
any corrosion which may have occurred, be re-
moved by the use of f'ine sandpaper.

Resistors

As 1in the case of other components,
the resistors are operated well within their
rating and should not fail during the 1life of
the equipment. It is desirable that they be re-
moved from their clips at the end of each year
of operation, and that any corrosion which may
have occurred be removed by the use of fine
sandpaper.

Instruments

At  the end of each year's operation,
the zero adjustments of all iInstruments should
be checked. If facilities are available for
checking the cathode heater ammeter MY against a
sulitable standard, +this should bte done at the
and of each year's operation. This calibrati
mast be made with the meter mounted on a
inch steel panel as in the transmitter-recé
assembly. The accuracy of the other inst
is not considered of sufficient importan
warrant such calibration unless it 1s know
they have been seriously overloaded,
indication 1is believed, for some other
to be inccrrect.

PARTS LISTS L 4

Shipping Lists for Type GC Transmitter-
Receivers

Style 8E7386 covers equi r 100 to
L50 volts D C. supply. It entified as DL-
7501350 G-18 and includes: :

1 Transmitter-Receive 550 G-17

1 Accessories Pa 01550 G-20 which

includes:

1& - R.C. s type 25-L-6, Symbol
V-1 to V-3

2 - Neon IG1 2 Watts 115 Volts

S-14 ki d. Screw Base, Symbol V-9

4 - Fuses & Amp. 125 V. Bryant Type POR-6,
Symbcl F-1 & F-2

1 - Resistqs 2000 Ohms, 200 Watts, Symbol

-1

sistors 10 Ohms, 200 Watts, Symbols

istor 60 Ohms. 12 Watts, Symbol R-6
esistor 30 Ohms, 12 Watts, Symbol R-7
1 nsulator Bushing S#1014436

- Gasket 5#651569
- Flange S#776613
2 - Set Screws S#304514
1 Pressure Ring S#776603
2 LB Cement #693
1 - Name Plate #19014

volt D.C. supply.

Style 867387 covers equipment for 200-3('C
It 1s identifiled as DL--

7501950 G-19 and includes:

Tiransmitter-Receiver DL-7501950 G-17

1 Accessories Package DL-7501950 G-21 W

includes:

8 - RCA Radiotrons, Type €-L-6, Symbels V-

to V-4

2 - Neon Glow Lamps, 2 W. . S-14 Clear
Med. Screw base, Symb

4 - Fuses 6 Amp. 250 V.§Br t 054 & Cas-
ing #1915, Symbols 2

1 - Resistor 5000 Ohms@20 Symbol R-1

2 - Resistors, 80 Oh Symbols R-2,
R-3

1 - Resistor, W. Symbol R-6

1 - Resistor, 60 On W. Symbol R-7

1 - Insulator B 1014436

1 - Gasket 651569

1 - Flange S#776613

2 - Set Scr 5#804314

1 Press 5#776603

2 LBS C

1 #19914

1 - t ssembly, 4 of 380 ohms W-L 8-

Type 204 Terminals, type 721
v in parallel f'or 220 Qams total.

KNOCKOUTIN BOTTOM

FORII CONDUIT.

—\(KNOCKOUTIN BOTH
SIDES OF CABINET TO

- ' PERMIT INSTALLATION

--* OF LEAD-IN BUSHING
IN EITHER SIDE.

_3_)!
944

=3

39°-

27"

¢

MOUNTING HOLES
FOR —é— DIA. BOLTS.

l_:g;"g‘;
| s
? —m
Figure 14

Outline and Drilling Plan for the Transmitter-
Receiver Cabinet.
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Symbols Name
- Oscillator Tank
- Oscillator Tank
- Oscillator Tank
- Oscillator Plate

Amplifier Grid
Amplifier Grid
Cathode By-pass
Recelver Primary
Receilver Seconda

1 Recelver Plate

2 Bias Filter

3 Rec.

4 Microphere By-pa

coocoooaaaaq
1 1 [ 1 [
e O 00~ OV £\

F-1 For 125V Equip.
F-2 For 125V Equip.
F-1 For 250V Equip.
F-2 For 250V Equip.
FS-1 Receptacle
FS-2 Receptacle

Plate Reactor
Receiver Primary
Receilver Seconda
Output Tuning
Output Variomete

M-1 Amplifier Plate
M-2 Receilver Relay
M-3 Carrier Output
M-4 Cathode Heater

*Calibrated for use on 3/32 inch

PS-1 Convenience Outlet \Q

Potentiometer
Potentiometer
Heater
Heate
Cathode te

Cathode

1
~NNO0OO0OMW EWNW DD

[ |

HHE B~

to R-13 Parasitic
5 Oscillator Grid
6 Oscillator Grid
7 Microphone
8 icrophone

0 000 o 0 0 0 0 0 0 0
|

Speech Filter

TYPE GO CARRIER"CURRENT TRANSMITTER-RECEIVER

Oscillator Variometer

Component Parts of Type GO Transmitter-Recelvers
Rating Designation Suppli
CAPACITORS
.02 Mfd. 600 WV Type 9id-11020 7-D
.02 Mfd. 600 WV Type 9H-11020 D&
.02 Mfd. 600 WV Type 9H-11020 C-D
.025 Mfd. 600 WV Type 9-11025 C-D
.0005 Mfd. 600 WV Type 9-13050 " -D
.0005 Mfd. 600 WV Type 9-13050 n-
2 x .25 Mfd. 500 wWv Type HC-1075 C-D
.001 Mfqd. Type XR-1000 PS 1 Ins. Card.
ry .001 Mf4. Type XR-1000 P N/ x Tas. Tard
.005 Mfd. 600 WV 1ype 9-11050 G-
.5 Mfd. 400 wv Type H-3217 ~-D
.001 Mfd. 600 WV Type 4-12010 o
ss .5 Mfd. 400 wWv Type HC-3 -1 c-D
FUSES
Plug 6 A. 125 V. POk-0O Bryant
Plug 6 A. 125 V. POR Bryant
Cartridge6 A. 250 V. #7054/ &NCasing #1945 Bryant
Cartridge® A. 250 V. Casing #1945 Bryant
FUSE SOCKETS
Med. Screw 15 Bryant
Med. Screw 15 Bryant
INDUCTANCES \
.17-1.7 M.H Dwg. 7605336G-1 W
50. M.H. L-332757 W
11. M.H. Dwg. 7406582 G-1 W
ry 11. M.H. Dwg. 7406582 G-1 W
15. M.H. Dwg. 7706239 G-1 W
r L17-1.7 M, Dwg. 7605336 G-1 W
TERS
500 MA \ Type UX-35 S#1007168% W
50 MA Type UX-35 3#1007159* W
500 Type UT-35 S#1007708% W
1. Anm Type UX-35 S#1007040% W
thi St Panel
L 4
\ PLUG SOCKET
AV 250 V. #4725 Bryant
RESISTORS
For 125V Equip. 2000 Ohms /W.L.
For 250V Equip. 5000 Ohms W.L.
For 125V Equip. 160 Ohms 8-1/2" D Bare Side 2-604 |W.L.
For 250V Equip. 80 Ohms V Bands Type 307 Ferrules W.L.
For 125V Equip. 160 Ohms W.L.
For 250V Equip. 80 Ohms ¥ | W.L.
50,000 Ohms 1 W. Type GS Stack.
50,000 Ohms 1 W. Type GS Stack
For 125V Equip. 60 Ohms W.L.
For 250V Equip. 120 Ohms ™" 1-3/8"T Type 300Ferrules |W.L.
For 125V Equip. 30 Ohms W.L.
For 250V Equip. 60 Ohms ¢/ W.L.
1000 Ohms, 1W. Type GS Stac
10000 Ohms, 1 W. Type GS Stack
10000 Ohms, 1 W, Type GS Stack
1850 Ohms 2"D Type 205 Term. W.L
2200 Ohms Type 754 Mtg. | W.L.

- 15 -




TYPE GO CARRIER CURRENT TRANSMITTER-RECEIVER

SAFETY GAP
SG-1 Protector Disc S#949357 W
Mica S#948956
SWITCHES
S-1 Power 10 A. 250 V. #3952 Bryant
3-2 Test Button 1M1B S#511813 Vo9
5-3 Disconnect 30 A. 250 V. S#554195 W
TRANSFORMERS %
T-1 Output 50-150 KC 275/120 V. L-340113 W
T-2 Micropnone 1:15 L-340176 W
VACUUM TUBES @
-1 to V-8 Radiotron Beam For 125 V. Equip. RCA

For 250 V. Equip.

V-1
V-1 to V-8 Radiotron Beam
V-9 2 W. 115 V.

Neon Glow Lamp

25-L-6
6-L-6 RCA
S-14 Clear . rew base W

VACUUM TUBE SOCKETS

VS-1 to VS-8 Wafer

Octal #67 Cinch
VS-9 Neon Glow Lamp Med. Screw H- Bryant
RELAYS
K-1 Modulation 1 A. 300 V. e s AQA Spec. Z-6020 A.E.
JACKS
J-1 Modulation 1 Ckt. \ CAT #DC-26 A.E.
J-1A Modulation 1 CKt. & 1 Block CAT #DC-27 A.E
COMMUNICATIO
(Not supplied as part of t r set equipment)
HS-1 Telephone Monophone W B Spec. Z2-6028 A.E.

COMMUNT DESK HAND SET

(To be wired from the switchboard panel per r - not supplied as part of the Carrier Set Equipment.)
HS-2 Telephone Monophone & Desk St ec.2=7675

The Westinghouse Electric gand{ Manufacturing Company is prepared to supply any of the listed
parts for use in servicing this éﬁ Orders should specify that they are for Type GO Trans-
mitter-Recelver and mention the c bol. All orders must specify the rating as well as the
supplier's designation. Parts di d as having suppliers other than Westinghouse Electric and

e d

Manufacturing Company may be irect from the manufacturers. The addresses are as follows:

Card - Allen D. Cardwell Mfg. Cinch - Cinch Mfg. Co.
81 Prospect St. 2339 W. Van Buren St.
Brooklyn, N.Y. Chicago, Illinois

C-D - Cornell Dubilier D. Bryant - Bryant Electric Co.
South Plainfiel Bridgeport, Conn.

A.E. - American ctric Sales Co. W-L - Ward Leonard Electric Co.
1033 W. St . Mt. Vernon, N.Y.
Chicago

RCA - R.C.A. ing Co. Stack. - Stackpole Carbon Co.
Radiotron on St. Marys, Pa.

Harrison, N.

W Westinghouse E. & M.

L 4
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