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1. GENERAL

1,01 This section, prepared by the Bell

Telephone Laboratories, describes the
line amplifier, twist amplifier, twist reg-
ulator network, and deviation equalizers
used in the type K carrier telephone sys-
tem,

A
1.02 The master flat gain and twist con-
trollers, which are associated with
the line amplifiers and the twist regula-
tors, are described in the section covering
the master transmission regulating arrange-
ments for the type K carrier telephone sys-

- bem,

1.03 The receiving amplifier at a terminal
station is identical with one-half of
a repeater, as covered herein.

2. TYPES OF STATIONS

2,01 Fig. 1 shows schematically +the cir-

- cuit arrangements of the various
types of stations classified according to
the use of 1line amplifiers, twist amplifi-
ers, and deviation equalizers. This figure
also indicates +the different bays in which
the several circuit units are located. The
bay arrangements -are covered in Part &
The receiving amplifier at the terminal
station may be arranged 1in accordance with
(B), (C) or (D) below.

(A) Line Amplifier Only

2,02 'In this type of repeater station, as

indicated in Fig., 1-A, no provision -
is made for twist regulation or for ampli-
fier or cable deviation equalizers. This
arrangement is used at all auxiliary car-
rier repeater stations, either with or
without flat gain regulation, and at main
repeater stations . where twist regulating
equipment and deviation equalizers are not
required.
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FiG. I-D

'lePEATER STATION WITH FLAT GAIN LINE

MPLIFIER, TWIST AMPLIFIER, AMPLIFIER
DEVIATION' EQUALIZER AND CABLE DEVIATION
EQUALIZER.

Fig. 1 - Typical Circuit Arrangement of Line Amplifiers,
Twist Amplifiers, and Deviation Equalizers at
Repeater Stations.
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(B) Line and Twist Amplifiers ﬂ 3. LINE AMPLIFIER

2.03 This +type of repeater station in-
; volves line and twist amplifiers and
twist regulating equipment as indicated in
Fig. 1-B, but no amplifier or cable devia-
tion equalizers, and is used at certain
main repeater stations, As indicated in
the figure, the line amplifiers are mounted
in one bYay, and the twist amplifiers and
twist regulator networks are mounted in
another bay. As discussed 1in paragraph
5.05, these may be arranged in a three-bay
layout to facilitate the addition of
equalizers which may be specified later.

(C) Line and Twist Amplifiers, and Amplifi-
er Deviation Kqualizer

2.04 This type of repeater station re-

’ quires a group of 3 bays as indicated
in Fi% : namely, (a) 1line amplifier
bay, (b} twist regulator network and pad
bay, and (¢) twist amplifier, and amplifier
deviation equalizer bay.

(D) Line and Twist Amplifiers, Amplifier
Deviation Equalizer, and Cable Deviation
E Equalizer

2.05 This arrangement, as indicated in

Fig. 1-D, is used at certain main re-~
peater stations, A group of 3 bays is re-
quired, namely, (a) line amplifier bay, (b)
twist regulator network, pad, and cable de-
viation equalizer bay, andA(c) twist ampli-
gier, and amplifier deviation equalizer
ayo ’

(A) Circuit

3.01 In Pig. 2 is shown a simplified sche-
matic of the 1line amplifier circuit.
The amplifier is a three-tube circuit of
the negative feedback type using two 310A
tubes and one 3llA tube. The amplifier
possesses unusual stability of operation
with respect to tube variations and power
supply fluctuations, which, of course, is
very important when many amplifiers are
connected in tandem in a long circuit. It
is unusually free from any non-linear dis-
tortion which would produce interchannel
crosstalk, a characteristic which is essen-
tial when many  channels are operating
through the same amplifier. Noise within
the amplifier has been suppressed to ap-
proach the limit set by thermal agitation.

3.02 Provision has been made in the ampli-

fier for adjustment of the absolute
gain to compensate for different lengths of
cable sectionsg, and for differences in at-
tenuation of the 1individual carrier pairs.
The gain of the amplifier can be reduced by
a 7 db and 14 db tap on the output bridge,
and a 5 db tap on the input transformer.
The "flat gain control condenser" (GC) pro-
vides an adjustment in galnh over a 9 4db
range. It is adjusted by means of a screw-

driver-type dial shown in Fig. 3.

3.03 The gain of the amplifier is automat-

ically regulated by an air condenser
in the feedback circuit to compensate for
the attenuation change in the cable pair at
28 kec. due to temperature .variations.,
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—r e —t
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Fig. 2 - Line Amplifier -

Simplified Schematic.
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This condenser is called the "flat gain
regulator condenser' '(GR) and has a range
of about 14.3 db, A dial is provided on
the condenser to show its setting. The
dial is divided into 60 divisions (56 divi-
sions useful range; O to 2 and 58 to 60
provide mechanical margin). The condenser
is geared to a receiver motor mounted on
the amplifier panel. This motor is operat-
ed by the master flat gain controller as
discussed in the section describing the
master transmission regulating arrange-
ments. Four db of the range of adjustment
of the GR condenser 1is used in the case of
the repeater section immediately preceding
a twist correction station to compensate
for the variable loss in the twist regula-
tor network as explained in Part 4 (C).
With systems on underground cable it is
sometimes possible to omit flat gain regu-
lation at certain stations, in which case
the air condenser (GR), and receiver motor
are omitted. In this case, the gain of the
amplifier is reduced /7.1 db below the gain
obtained with the GR condenser on mid-step
(division 30 on the dial). 1In this case it
is necessary to operate the repeater at a
sufficiently reduced output level so that
it will not overload at 1low temperatures
when the line attenuation is a minimum.

3.04 The "trimmer variable" condenser

(designated "TVY in PFig. 2) permits
adjustment of the rate of regulation to the
particular carrier pair with which the am-
plifier is associated. Its effect 1is to
change the total range of the "GR" condens-
er about * .2 db. Condenser "T" {is ad-
Justed at the factory to obtain 0.255 db
change in.gain per division of the "GR"
condenser. This condenser will not require
readjustment in the field. (0.255 db x 56
divisions = 14.28 db.)

(B) Line Bqualizer

3,056 In Fig. 2 it will be noted that the

line equalizer 1is located in the
feedback circuit. By this arrangement the
overall gain of the amplifier is given a
sloping characteristic which 1is approxi-
mately equal to the sloping loss character-
istic of a cable pair for a repeater sec-

SCREWDRIVER
IS INSERTED
IN SLOTTED
SHAFT OF

CONDENSER

SIDE VIEW

|

tion. Four types of line equalizers. have
been made available, which will compensate
for approximately 13, 15.5, 18, and 20.5
miles, vrespectively, of 19-gauge cable.
These provide a difference in gain between
12 and 60 kc. of approximately 16, 19,
22, and 25 db, respectively, or a dif-
ference in slope between equalizers of 3
db. Actual repeater section lengths wiil
ordinarily differ somewhat from the above
values, so that an equalizer will seldom
equalize exactly a given repeater section.
The equalizer is mounted on the amplifier
panel as shown in Figs. 10A and 10C.

(C) Transmission Characteristics

3.06 The gain-frequency characteristics of

the line amplifier with and without
feedback are shown in Fig. 4. As indicated
in this figure, the gain is shown for all
four types ' of equalizers in the amplifier
circuit. The gains shown for the amplifier
with the equalizers are approximately equal
to the 1loss of 13, 156.5, 18, and 20.5
miles, respectively, of 19-gauge circuit at
550 P, when properly adjusted for flat
gain. The gain without feedback is ob-
tained by grounding terminal 5 of the input
transformer, connecting the variable input
transformer ‘lead to terminal 6, and closing
straps X and Y (see SD-64337-01).

3.07 The change 1in gain of a line ampli-

fier which is prodiced by the flat
gain regulator condenser 1is shown in Fig.
5. .This figure shows the gain over the 12
to 60~kc. range of an amplifier equipped
with a 30A equalizer (19 db slope). A
change in flat gain of * 4.5 db is indicat-
ed, which corresponds to a temperature
change of * 550 F, on a 15.5-mile circuit.
As indicated in this figure, changes in the
flat gain regulator condenser produce a
constant change in gain at all frequencies.

3.08 The slopes of the four equalizers

with the amplifier gain adjusted to
the same value at 12 kc. is shown in
Fig. 6.

REFERENCE MARK
ON AMFLIFIER

9 DB ADJUSTMENT

{AND GAIN CONTROL
CONDENSER ) THROUGH
THIS ANGLE

FRONT VIEW

Fig. 3 - Screwdriver Dial for Adjusting GC
Condenser on Line Amplifier.

Page 4




70
P
60 =
f—~
r//
-] =
-
A L P
50 ‘ L P
P P
P LA P
//’ /// L~
-
e L 1 '

40 =]
a -
[] //

Y -

< L1+ 4.5 DB CHANGE IN GAIN
o OBTAINED FROM FLAT

120
1o -
r——
100 e — =
Py WITHOUT FEEDBACK
90
80 ,
i3] 4//
@ 70 —
é 60 ‘ D’// ///
< || —
S 50 41T o1 _|—1
[ A//' _— =
40 ” & =
—
30 —1]
A= 30A EQL; 19 DB SLOPE; 15.5 MI. CKT.
0 B= 308 EQL.; 22 DB. SLOPE;: 18 MI. CKT.
2 C=30C EQL; 16 DB SLOPE; I3 MI. CKT.
o D= 30D EQL; 25 DB SLOPE: 20.5 MI CKT.
. HEEEEEEEE
0 10 20 30 40 50 60 70

FREQUENCY -KC,

Fig. 4 - Line Amplifier Gain-Frequency Char-
acteristics Without Feedback, and
with 30A, 30B, 30C and 30D Line
Equalizers in Feedback Circuit.

30 = GAIN REGULATOR 1
CONDENSER - CONSTANT]
AMOUNT AT ALL

FREQUENCIES g

20

0 10 20 30 40 50 60
FREQUENCY -KC.

\
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Fig, 6 - Slopes of Transmission Frequency
Characteristics of Line Amplifiers
Equipped with 30A, 30B, 30C and
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3.09 A typical load characteristic of the

- line amplifier is shown in Fig. 7.
The gain.- is practically constant up to
loads of approximately 31 db above 1 milli-
watt. The output level should be reduced
about 1.5 db when terminal .10 1is used on
the line equalizer. Under this condition
the grid bvias for the 311A tube in the line
amplifier is obtained from a drop across a
resistance, instead of from grid batteries,
and the plate potential 1is accordingly re-
duced about 16 volts.

3.10 Répresentative input and output im-
pedances of the 1line amplifier are
shown in Fig. 8.

" 3.11 Changes in gain of the amplifier due

to filament and plate battery varia-
tions are negligible. Changes in gain due
to temperature variations are not expected
to exceed .01 db per amplifier, and about
the same value for humidity variations.

3.12 The effect of feedback in the ampli-

fier circuit on the reduction of the
second harmonic modulation is shown in Fig.
9. In general, the generation of second
harmonics in the amplifier is reduced by
the amount of gain reduction (feedback) in
the amplifier. In the typical case shown,
thé second harmonic is reduced about 45 db
by feedback. There is a slight falling off
in this suppression at the higher loads, as
shown by the dotted curve in Fig. 9. All
other harmonic products  are similarly sup-
pressed.
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(D) Panel Mounting

3.13 The 1line amplifier is shown in Figs.

10A, 10B, and 10C. As described more
fully in Part 5, the transformers, networks
and the 1line equalizer are mounted on the
rear of the panel. Wiring and apparatus
which are involved in the usual maintenance
operation are mounted on the front of the
panel. In addition to the vacuum tubes and
Jacks, this apparatus includes the trimmer
variable, gain control, and gain regulator
condensers in the feedback circuit, and the
motor which sets the position of the flat
gain regulator condenser. As indicated in

310A TUBES WITH SHIELDS
FOR FIRST AND SECOND

FOl
STAGE OF AMPLIFICATION AMPLIFICATION

SHIELDED OUTPUT LEADS
WILL CONNECT DIRECTLY
TO OUTPUT TRANSFORMER

TERMINALS

SHIELDED INPUT
LEADS WILL
CONNECT DIRECTLY 3
TO INPUT TRANS:
FORMER TERMINALS

TUBE TESTING JACKS

Fig. 10A - Line Amplifier Panel - Front View.

TUBE. TESTING JACKS

GAIN CONTROL CONDENSER
(ADJUSTED BY SCREW-DRIVER
DIAL)- PERMITS 9 DB. CHANGE
IN FLAT GAIN

Fig. 10B - Line Amplifier Panel
with Cover.

311A TUBE WITH SHIELD
R THIRD_STAGE O

TRIMMER
VARIABLE CONDENSER
GAIN CONTROL CONDEN.

SER
(awus‘reo BY SCREW DRIVER DIAL)
ERMITS 9 DB CHANGE INFLAT GAIN
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Fig. 10B, cutouts are provided in the cover
so that adjustments and tests can be made
without removing the cover. The tubes can
be tested (by means of the jacks) and the
dial indicating the position of the auto-
matically controlled regulator condenser
"GR" can be read while the amplifier is in
service. The gain control condenser "GC"
is adjusted by a screwdriver which 1is at-
tached to a dial with a scale marked in
"db's." By using this "screwdriver dial"
in conjunction with the reference mark
shown in Fig. 10B, the flat gain of the am-
plifier can be adjusted over a range of
about 9 db.

LINE EQUALIZER IN FEEDBACK CIRCUIT
VES AMPLIFIER A SLQ
GAIN CHARACTERISTIC

AC, SUPPLY LEADS WILL
CONNECT DIRECT T
MOTOR TERMINALS

REVERSIBLE

CONTROLLER.

DIAL INDICATES POSITION
OF REGULATOR CONDENSER

GAIN REGULATOR CONDENSER

OTHER FREQUENCIES

REFERENCE MARK FOR
SCREW DRIVER DIAL

REFERENCE MARK
[~ FOR SCREW DRIVER DIAL

DESIGNATION CARD

CUTOUT FOR OBSERVING POSITION
OF REGULATOR CONDENSER

Front View
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EQUALIZER IN OUTPUT TRANSFORMER
FEEDBACK CIRCUIT

INTERSTAGE NETWORKS

INPUT

PLATE RETARD
COIL TRANSFORMER

CATHODE NETWORKS —

Fig. 10C - Line Amplifier Panel - Rear View.

3.14 The input and output leads to this

amplifier are pairs in rubber-covered
shielded cables (not shown 1in Fig. 10A)
which are connected directly to the input
and output transformers. Since these
transformers are near the left and right-
hand sides of the panel, the input and out-
put leads connect from opposite sides and
are well separated. The leads to the motor
carry alternating current and they are
therefore connected from the right-hand
side of the panel to prevent these leads
from introducing noise into the input of
the amplifier. As the heater, plate and
grid supply leads have to be free from any
disturbing currents, they are connected on
the left or input side of the panel.

4, TWIST AMPLIFIER, TWIST REGULATOR NET-
WORK, AND DEVIATION EQUALIZERS

4,01 The method of choosing twist correc-
tion stations 1is covered in separate
information.

4.02 A description of the master twist

controller which controls the indi-
vidual twist regulator equipment in each
system is given in the section covering the
master transmission regulating arrange-
ments.

4,03 A description of the twist regulator

equipment which is provided at cer-
tain points 1in each system is given below.
Referring to Fig. 1B, it will be noted that
the equipment required for twist regulation
consists of three parts:

(1) Twist Regulator Network

(2) Twist Regulator
(3) Twist Amplifier

Page 8

4,04 "Twist" as used herein, refers to the

differences in rate of change of at-
tenuation with temperature at the various
frequencies. The rate of change is highest
at about 28 kc., which is the frequency at
which the flat gain adjustment is made. The
purpose of the twist regulating equipment
is to compensate for the differences between
the rate of change of attenuation at 28 kc.
and the rates at other frequencies in the
12 to 60-kc. range. The amount of correc-
tion required per repeater section is small
and is, therefore, permitted to accumulate
over several sections before correction is
made. This adjustment for temperature
changes 1is in addition to the flat gain
regulation provided on the line amplifiers.
The amount of twist correction is discussed
in Part 4 (C).

(A) Twist Regulator Network

4,05 The twist regulator network (151A

network) is shown in Fig. 11. This
network, together with the twist regulator
described in Part 4 (B), provides a vari-
able loss~-frequency characteristic in the
12 to 60-kc. band which 1is equal and oppo-
site to the twist characteristic of the ca-
ble pair. The twist regulator network con-
iists of a 3A-pad, 4A pad and a 31A equal-

zer

4,06 The 3A pad consists of a high-pass
' filter and three resistance pads hav-
ing losses of 20, 11.4 and 8.6 db. The
high-pass filter provides attenuation below
about 9 kc. This is desirable because the
line amplifiers have appreciable gain below
12 kc., and any circuit noise below 12 kc.,
would tend to load the amplifiers. This
filter also reduces trouble from singing.
The resistance pads of 20 and 11.4 db are
required for proper operation of the 31A
equalizer. When the cable and amplifier
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I51A NETWORK (TWIST REGULATOR NETWORK) : ‘\
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BY THE MASTER TWIST CONTROLLER

Fig, 11 - Twist Regulator Network and Twist

Regulator.

deviation equalizers are not used, the 8.6
db pad is connected into the circuit, by
connecting to terminals 3 and 4A, with a
strap between terminals 4,and 4A. When ei-
ther or both of +the amplifier and cable
deviation equalizers are used, the 8.6 db
pad is left out of the circuit by connect-
ing to terminals 3A and 4A, and the .strap
between terminals 4 and 4A is removed.

4.07 The 3lA equalizer is the basic shape

_ and control unit which is bridged on
the circuit between the 20 db pad and 11.4
db pad mentioned above. This equalizer,
together with the 4A pad and twist regula-
tor described below, provides the required
characteristic to compensate  for the
"twist" in the cable attenuation-tempera-
ture characteristic.

4,08 The 4A pad 1is principally a mounting

with six sockets for an equal number
of four-prong plug-type resistances. The
sockets are wired to the 3lA equalizer.
Three of the sockets designated "L," and
plug-type resistances used therewith, in
association with the 31A equalizer, are re-
ferred to as "length" control, and the oth-
er three sockets designated "C," and plug-
type resistances used therewith, in associ-
ation with the 31A equalizer, are referred
to as "Coefficient" control. They are used
to adjust the regulator network to the in-
dividual twist of a particular carrier
pair. 11l0-type resistances (plug-type) are
used with each twist regulator network (for

code numbers see 8D-64331-011), Within
each plug there are two separate resis-
tances, as indicated in Fig. 11. The resis-
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tance value designated for the plug is the
resistance connected to the prongs having
the smaller diameter. The circuit is de-
signed so that the resistances within a
plug are complementary to each other. For
all plugs of this type the product of the
two ' resistance values is approximately
30,060. The circuit is arranged so that
one set of three resistances (see the "L"
sockets in Fig. 11) is connected in series,
and the other set is connected in parallel.
The same arrangement applies to the "C"
sockets.

4,09 The twist regulator network is mount-

ed on the twist am;lifier panel, as
shown in Figs. 20A and 20B, when amplifier
and cable deviation equalizers are not pro-
vided which is the condition indicated by
Fig. 1B. When either or both of the ampli-
fier and cable deviation equalizers are
used, as indicated 1in Figs. 1C and 1D, the
twist regulator network 1is mounted on a
separate panel in a bay between the line
amplifier bay and the twist amplifier bay,
as shown in Fig. 28. 3

(B) Twist Regulator

4,10 In Fig. 11 1is shown a schematic of

the twist regulator connected to the
31A equalizer in the 151A network (twist
regulator network). The twist regulator is
in effect an adjustable resistance having
45 steps which operates under the control
of the master twist controller described in
a section covering the master transmission
regulating arrangements. At 559, which is
approximately the middle of the cable tem-
perature range, the twist regulator is set
on mid-step (step 22) Dby the master twist
controller. For higher and lower cable
temperatures, the master twist controller
operates the twist regulator to corre-
sponding steps.

4,11 Six twist regulators, each of which
is associated with a different twist
regulator network, are geared to one re-
ceiver motor and this equipment is assem-
bled on a2 panel as shown in Figs. 12A and
12B. Each of these six regulators actually
consists of two units - a right-hand sector
and a left-hand sector - mounted in the
same compartment, as shown in Fig. 12B.

4.12 There are two roller arms in each

compartment which are attached to the
shaft driven (through speed raduction
gears) by the motor. One of these arms in
each compartment will operate the contacts
on the left-hand sector of the regulator
during the first 22 steps and the other arm
will operate the contacts on the right-hand
sector of the regulator during the other
half revolution. Each pair of right and
left-hand sectors of a regulator is so con-
nected that the regulator resistance is
varied in 45 steps by a full revolution of
the shaft. The resistance of the regulator
is determined by the contacts which are op-
erated and this in turn is determinedby
the position of the shaft and roller arms.
These resistances are graduated 1in such a
manner that the correction inserted by the
twist regulator network 1is the same for
each step of the twist regulator.

4,13 As indicated in Fig. 12A, the con-

tacts on the regulators are protected
from dust by a cover. The entire assembly
has another cover (not shown in Figs. 12A
or 12B) which 1is of the same construction
as the covers used for the amplifier pan-
els. This latter cover has a cutout which
permits the position of the roller arms, as
indicated by the dial, to be read without
removing this cover. The position of the
shaft and roller arms may be adJusted by
hand as indicated in Fig. 12A. The regula-
tor units can be removed for maintenance or
replacement, as shown in Fig. 12B, where
both left and right-hand units have been
removed from compartment No. 6.

SPEED REDUCTION GEARS

REVERSIBLE SYNCHRONOUS
NOTOR SETS POSITION

OF ROLLER ARMS UNDER
CONTROL _OF MASTER
TRANSMITTER MOTOR

IN TWIST CONTROLLER

CLUTCH PIN AND \\TERMINALS WILL CONNECT
KNURLED DIAL FOR TO MASTER TRANSMITTER
HAND ADJUSTMENT gﬁ;gEYAND 55 VOLT A.C.

Fig. 12A - 50A Drive (Receiver Motor and Six Regulators)
Front View with Cover on Regulators,
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CHANGES IN REGULATOR
RESISTANCE CAUSE CHANGES
IN THE CHARACTERISTIC
OF THE TWIST EQUALIZER
NETWORK WHICH WILL
COMPENSATE FOR THE
‘TWIST'IN THE CABLE

SECTION E44.560

ROLLERS OPERATE CONTACTS ON RIGHT HAND
REGULATOR DURING FIRST HALF OF ONE REVOLUTION
AND ON LEFT HAND REGULATOR DURING SECOND HALF

“BUG“TYPE RESISTANCES ARE

MOULDED INTO THE REGULATOR

LEFT HAND REGUL ATOR
REMOVED FOR INSPECTION

THE VALUE OF THE
REGULATOR RESISTANCE
DEPENDS ON WHICH OF
THESE _CONTACTS IS
OPERATED BY THE ROLLER

Fig. 12B - 50A Drive (Receiver Motor and Six Regulators)
Front View - Cover Removed.

(C) Transmission Characteristics of Twist

Regulator Network and Twist Regulator

4,14 Referring to Fig. 11, the loss of the

twist regulator network is shown as
57 db (20 + 17 + 11.4 + 8.6 db). 'This is
the case when the +twist regulator is on
mid-step, step 22, When the twist regula-
tor is operated over its range, however,
the loss through the twist regulator net-
work varies about * 2 db at 28 kc. This
is illustrated in Fig. 13, which shows
the change in loss through the twist regu-
lator network for several steps on the
twist regulator with respect to the loss on
step 22. As noted in Fig. 13, the loss
through the twist regulator network is
practically constant for the 12 to 60-kc.
range on step 22 of the regulator. When
the regulator is on steps between 22 and
44, the loss through the twist regulator
network is increased and has a characteris-
tic shape as indicated for regulator steps
33 and 44, Similarly, when the regulator
is on steps between 22 and O, the loss
through the twist regulator network is de-
creased and has a characteristic shape as
indicated for regulator steps 11 and O.
The characteristic of the twist regulator
network, as indicated in Fig. 13, is de-
signed to be equal and opposite to the so-
called "twist" in the cable characteristic.
The five curves of Fig. 13 correspond to
five different cable temperatures for a
particular cable pair.

4,15 The characteristics shown in Fig. 13

are for an adjustment of the twist
regulator network using values of "LM
(length control) of O ohms, and "C" (coef-
ficient control) of 42.2 ohms. In Fig. 14
are shown the characteristics of the regu-
lator network with the regulator on steps

0, 22 and 44 and with values of "L" = O
ohms, and three different values of "C,"
namely, 0.4, 42.2 and 2110 ohms. From
these curves it will ©be noted that the
shape of the twist regulator network char-
acteristic is determined by the value of
"C," i.e., a smaller value of "C" produces
a larger difference in attenuation through
the network between 28 and 60 kc. The
magnitude of the correction is control-
led by adjusting the value of "L." As "L"
is increased the total ameunt of correction
per step at each frequency 1is reduced.
This is illustrated in Fig. 15, which shows
the twist regulator network characteristics
with three adjustments of the "L" resis-
tance. The values of "L" and "C" should be
chosen which give a twist characteristic
which most nearly matches the individual
cable pair twist.

(D) Twist Amplifier

4,16 Referring to Fig. 1B, the loss of the

twist regulator network, 57 db, is
offset by the twist amplifier. Since the
line amplifier is operated at 3 db lower
output level at twist correction stations,
because of the variation in 1loss through
the twist regulator network of about * 2
db, a fixed gain of about 60 db is employed
in the twist amplifier to deliver an output
level of +9 db to the cable pair. When
either or Dboth of the amplifier and cable
deviation equalizers are used, as shown in
Figs. 1C and 1D, the same gain in the twist
amplifier (about 60 db) is provided, since
under these conditions the 8.6'db pad in
the twist regulator network (Fig. 11) is
strapped out, and the 6A pad is strapped so
that its loss, plus the loss of the ampli-
fier and cable deviation equalizers at 28
kc., equals 8.6 db. There is an exception
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1
when the "Z" strap is on terminal 10 of the
line equalizer. n this case the output of
the 1line amplifier will ordinarily be 1.5
db lower than normal, so that 1.5 db should
be removed from the 6A pad.

4.17 1In Fig, 16 is shown a simplified cir-

cuit of the twist amplifier, which is
of the negative feedback type and possesses
the same stable characgteristics as the line
amplifier. It also uses two 310A tubes and
one 311A tube. Grid battery bias of 16
volts + ,8 volt is used on the 311A tube.
(A similar circuit
used as the transmitting amplifier at ter-
minal stations, with a 2 db input pad; as
an auxiliary switching amplifier in the
line switching circuit, with a balanced in-
put coil and 12.4 db input pad; and as a
test amplifier in the 42A transmission .mea-
suring system, with a 2 db input pad, For
these uses a gain of 66 db is obtained from
the amplifier by strapping in a pad in the
164A network in the M"outer" feedback cir-

and equipment panel are

SECTION E44.560

in the "inner" feedback circuit, and con-
necting to terminal 4, instead of terminal
1, on the input coil; see SD-64329-011 and
SD-64329-021,) ) '

4.18 At repeater stations, the output of

the twist amplifier |is connected
through jacks in the sealed test terminal
to the cable pair. At terminal stations,
the output of the twist amplifier is con-
nected through jacks 1in the high frequency
patching bay to the group demodulator cir-
cuit in the group modem.

4.19 In Fig., 17 1is shown the gain of the

twist amplifier, with and without
feedback. It will be noted that the gain is
flat over the working range of 12 to 60 kc.

4,20 1In Fig. 18, are shown representative

input and outgut impedances of the
twist amplifier. The 1input impedance is
nominally 600 ohms (unbalanced and the

)
output impedance is nominally i35 ohms

cuit, strapping out a 36.5-ohm resistance (balanced) over the range from 12 to 60 kec.
TWIST AMPLIFIER PANEL
TWIST 310A - 3na o
. REGULATOR 5 :
NETWORK
' - OR
-+ |  AMPLIFIER
DEVIATION
EQUALIZER
>
1 ! -
. ) !
]
woasess | |
—1
FEED-BACK TYPE AMPLIFIER
60 DB FLAT GAIN
Fig. 16 - Twist Amplifier - Simplified Circuit.
700 —
110 600 P A —J--—_"-"‘_' bl bl whedivels dond
X PAEN _ =
100 7 N _WITHOUT FEEDBACK 500
90—+ T+ '
5o ! T~ 400
7 i S INPUT IMPEDANCE
70 4 3 ‘6’300 SE |
2 ! WITH FEEDBACK Z
I 60 U ty 200
< 0
%0 & 100 LI
40 & OUTPUT IMPEDANCE
:zc ° = . $ —=
30 I ey i, W =
)
20 ::l) 100]
z
10 < 200
(V)
<
w
o

oO 10 20 30 40 50 60 70 80 90 100 |IO 120 (30 140 |50
FREQUENCY -KC.

Fig. 17 - Twist Amplifier Gain With and
Without Feedback.

W
[*]

(=)

0 20 30 40 50 60
FREQUENCY -DB

Fig. 18 - Twist Amplifier - Input ana Qut-
put Impedances.
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4,21 In Fig. 19 1is shown a typical load

characteristic of the twist amplifi-
er. The gain of the amplifier is substan-
tially constant for single frequency loads
up to approximately 31 db above 1 milliwatt.

70

60

50

40

GAIN-DB

30

20

0 5 10 15 20 25 30 35
OUTPUT
DB ABOVE | MILLIWATT

Fig. 19 - Twist Amplifier - Load Character-
istic (Measured at 15 Kc.).

4.22 The twist amplifier panel is shown in

Figs. 20A and 20B. The apparatus
which requires maintenance, and is there-
fore mounted on the
(see Fig. 20A), consists of the vacuum
tubes, Jjacks and the pads of the twist reg-
ulator network. (In this picture, the
sockets of the 4A pad are shown without
plug-in resistances.) The equalizer of
this regulator network and the rest of the
amplifier apparatus are mounted on the rear
of the pane (see Fig. 20B). Cutouts are

3I0A TUBES WITH SHIEFLDS

FOR 15T & 2"° STAGES O
AMPLIFICATION

TWIST REGULATOR
EQUALIZER
NETWORK

INPUT
TRANSFORMER

front of the panel-

provided in the cover so that the tubes may
be tested (by means of the jacks) without
removing the cover and while the amplifier
is in service.

4.23 This panel is drilled so that the two

amplifier deviation equalizers may be
mounted in the space shown occupied in
these pictures by the twist regulator net-
work. In this case, the twist regulator
network, together with cable deviation
equalizers when required, are mounted on a
separate panel in an adjacent bay (see Fig.
28 in Part 5). This panel is also drilled
so that the group modulator may be mounted
in the space occupied by the twist regula-
tor network, when this amplifier is used as
the transmitting amplifier and group modu-
lator panel in terminal equipment (covered
in a separate section).

4.24 The 1input 1leads connect from the

left-hand side of the parel to the
terminals of either the twist regulator
network, the amplifier deviation equal-
izers, or the input transformer. The output
leads connect from the right-hand side of
the panel directly to the terminals on the
output transformer. Both input and output
1ea%s are pairs 1in rubber-covered shielded
cable.

(E) Amplifier Deviation Equaligzer

4.25 The amplifier deviation_  equalizer

compensates for a slight deviation of
the line amplifier including the line equal-
izer from the desired characteristic.
While it would have been possible to design
an amplifier and line equalizer with a
characteristic which would more closely
match the cable shape, it is more economi-
cal to use a simple circuit in the line
equalizer and permit’ a slight deviation
from the required shape, and then compen-
sate for the accumulated deviation of a
number of amplifiers by one amplifier de-
viation equalizer. It is arranged to mount
on the twist amplifier panel, and accord-
ingly is located at a twist station.

3IIATUBE WITtI
SHIELD FOR 3""STAGE
OF AMPLIFICATION

OUTPUT
TRANSFORMER

TUBE TESTING
JACKS

Fig. 20A - Twist Amplifier Panel - Front View.
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OUTPUT TRANSFORMER

INTERSTAGE NETWORKS
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INPUT TRANSFORMER

TWIST REGULATOR
EQUALIZER
NETWORK

Fig. 20B - Twist Amplifier Panel - Rear View.

4,26 In Fig. 21 is shown the deviations of

the line amplifier from the cable
slope with the four types of line equal-
izers available. A study of the existing
cable plant was made to determine the rela-
tive proportions in which different sizes
of line equalizer would occur on the aver-
age, and the amplifier deviation equalizer
was designed accordingly. The characteris-
tic of the amplifier deviation equalizer is
shown in Fig. 22. The characteristic shown
is complementary to the systematic devia-
tions of 15 line amplifiers in which the
line equalizers occur in the following pro-

5 ﬂ(
>

p L4 N\ /N
/

= A= 30A EQL.; 19DB SLOP *

E

B = 30B EQL.; 22DB SLOPE

C = 30C EQL.; 16 DB SLOPE \ /
D = 30D EQL.; 25 DB SLOPE —1

V>

=1
7

[V

DEVIATION IN LINE AMPLIFIER GAIN - DB
(=]

o 10 20 30 40 50 60
FREQUENCY — KILOCYCLES

Fig. 21 - Deviations of the Amplifier Char-
acteristic from the Cable Slope
with Four Types of Line Equal-
izers.

portions: 25 per cent. with 22 db slope,
50 per cent. with 19 db slope, 25 per cent.
with 16 db slope, and only an occasional
equalizer with 25 db slope. The exact num-
ber of line amplifiers which can be compen-
sated for, and the accuracy of compensa-
tion, will, of course, depend on the rela-
tive proportions of the equalizers on the

" particular route.

4.27 The amplifier deviation equalizer

consists of the 34C and 34D equal-
izers,which are always used together, and
never used separately.

4.0

3.5 / \

3.0 / \& /
2.5 / \
\

:-: \
. TN

LOSS - db

0 10 20 30 40 50 60

FREQUENCY - KC.

Fig. 22 - Amplifier Deviation

Equalizer
Characteristic.
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4,28 The manner of mounfing the amplifier .

deviation equalizer is covered in

4.23, and in Part b.

4.29 As mentioned under the description of

the twist regulator network, Part 4
(A), the 8.6 db pad 1is strapped out, Fig.
11, when the amplifier deviation equalizer
is used, Fig. 1C. Under this condition,
the 6A pad, which 1is mounted on the panel
with the twist regulator network, 1is
strapped so that 1its loss plus the loss of
the amplifier deviation equalizer (about
2.8 db at 28 ke, for a typical equal-
izer as shown in Fig, 22) equals B,6 db
at 28 kec. The 6A pad is a resistance
pad having values of .5, 1, 2, 4, 8
and 16 db, When the 1line amplifier |Iis
operated 1.5 db below normal because of op-~
eration on terminal 10 on the line equal-~
izer, the loss of the 6A pad should be de-
creased 1,5 db.,

(F) Cable Deviation quélizer

4,30 Measurements have shown that the

shape of the loss-frequency charac-
teristic of some cable pairs may deviate
slightly from the average shape., This de-

viation may be a small bulge upward, or a
small bulge downward, when matched at 12
and 60 kc. In order to compensate for
these deviations, two cable deviation

equalizers have been made avalilable. Only
one type of equalizer is used 1in a cable
pair at one point, However, 1t cannot be

predicted in advance which type will be re-
quired in each cable pair, so one of each
type is wusually provided for each circuit
at the station chosen for the cable devia-
tion equalizers. It is expected that this
equalizer will not be used more frequently
than -about once every 300 or 400 miles
(about 20 repeater sections), It is locat-
ed at a twist station, either terminal or
repeater station, having amplifier devia-
tion equalizers.

4,31 1In Fig. 23 are shown the characteris-

tics of the 34A and 34B cable devia-
tion equalizers. Each equalizer produces a
bulge ?one upward and one downward) of ap-
proximately 1 db at 28 kc., with respect to
12 and 60 kc. .

2
3444 —
a / ™~
i
9 S<N?B
o ™ ] |
10 20 30 40 50 €0

FREQUENCY-KILOCYCLES

Fig. 283 - Cable Deviation Equalizers - Char-
acteristics.
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4,32 Referring to Fig. 1D and Fig. 28, the
two cable deviation equalizers are
mounted on a panel with the twist regulator

network and the 6A pad. Under this condi-
tion, the 6A pad 1is strapped so that its
loss plus the loss of the cable deviation

equalizer (either 34A or 34B) and amplifier
deviation equalizer equals 8.6 db at 28 kec.
except where the line amplifier is operated
at a reduced level as noted in 4.29. In
the typical case shown in Fig, 23, the loss
of the 34A equalizer at 28 kc. is about 1.7
db, and the 1loss of the 34B equalizer
is about 0.1 db.

5, EQUIPMENT CONSIDERATIONS

(A) Single-Side Wiring and Maintenance Ar-

rangement

5.61 Most of the type K carrier equipment

bays are arranged so that all the
usual maintenance work can be done on the
front side and none is required on the rear
or apparatus side except the removal of de-
fective pieces of apparatus.

5.02 The new type of framework used for

this single-side maintenance and wir-
ing arrangement differs considerably. from
the usual channel or "I" beam framework.
This framework provides separate cable
ducts on the right ‘and 1left~handsides of
each bay. Space is provided for this pur-
pose by wusing 22-1/2" centers for the
framework, whereas the panels are only 19"
wide. The can covers on all of the panels
are 22-3/16" wide; which means that they
will cover the cabling in the ducts as well
as the wiring and apparatus on the front
side of the panels., Since the vacuum tubes
are mounted on the wiring side and are un-
der a can cover, the heat from them will
tend to keep the panel wiring dry and so
give better insulation during periods of
relatively high humidity than would be the
case 1f they were mounted on the apparatus
side. The three views for any equipment
panel will show the general features of
this arrangement and the framework (see for
example, Figs. 10A, 10B and 10C together
with the typical plan view shown in Fig.
24). The jacks are mounted on a sub-panel
which is set out from the main panel so
that they are accessible without removing
the cover. A cut-out 1is provided in the
cover for this purpose. The framework, and
the general arrangement of the equipment
and cabling, can best be seen in the typi-
cal plan view of Fig. 24.

(B) Cabling Arrangements

5.03 Referring to Fig. 24, for example,

the cables are run loose in the cable
ducts of the new framework, .thus eliminat-
ing the need for sewing them up and down
the bay. The cables, will, however, be
tied at the top of the bay and each cable
will be fastened at the panel to which it
connects. Since there are cable ducts on
both right and left-heand sides, the equip-
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Fig. 24 - Single-8ide Wiring and Maintenance
Arrangement - Typical Plan View.

Figs. 1-C and 1-D, and also makes provision

ment is arranged, for .the 'most part, so for the future addition of equalizers when
that terminal strips or other apparatus Fig. 1-B is gsgd initiaily. %gtaggkéatggg
connecting. to cables in the left-hand duct case the twist regulator

i mounted in the twist amplifier bay, and
are located on the left-hand side of the cabling supports are provided in_ the middle

panel and apparatus connecting to cables in ‘ line ampli-
the right-hand duct are located on the ??grfgﬁdthihecaEifgtbgﬁﬁfi?igﬁeba 'e hg 2-
right-hand side. The separation provided bay arrangement shown in Fig, Zg makes no
by these right and left-hand cable ducts is rovision for the latter addition of equal-
"also carried out in ggnnin% tgg c?bl%shbea zers,

tween bays. The cables n e left-han

cable ducts are generally run on different 5.06 In main {epe?ger st?g%?ggs wgich
cable racks from those used by the cables 26 t§SQUi¥?rsgn ey of a Tlineup ® will
in the right-hand cable ducts. In those have 19 1line amplifiers . and one
cases where the cables are on the same test amplifier. The latter is used in
rack, or cross over each other, the cables the 42—~ Transmission Measurin System
are separated by at least two inches. and is practically the same circuit as the

twist amplifier, as mentioned in Part 4(D).
The other bays will mount 20 line amplifi-

5,04 The cables containing high level ers. Two fuse panels, distribution termi-
leads (usually output circuits) are nal strips for the flat gain regulators on
run in the right-hand cable ducts 1in all the line amplifiers, and grid supply re-
cases. The low level leads (usually input sistances are mounted. at the top of the
circuits) are run 1in the left-hand cable first, third, fifth, etc., bays of a line-
ducts. The battery leads are also run in up. The terminal strips are used to dis-
the left-hand cable duct to avoid picking tribute the leads from the master flat gain
up noise from high level circuits. controller, and the .55-volt supply to the
= receiver motors on the 1line amplifiers.
{(C) Bay Arrangements ’ Each fuse panel will mount the 24 and 130~
- volt fuses for 20 amplifiers. Amplifiers
5,05 Figs. 256 to 28 show the bay arrange- Nos. 1, 3, 5, etc., to 39 are supplied from
ments for the various types of sta- the upper fuse panel and amplifiers Nos. 2,
iigns 1cgvereg 1SShem%It;ically ig Fi%s- 1-A, 4, 6, etc., to 40 are supplied from the
- -G and 1-D, ere are two_bay ar- -
Fangemonts Gorresponding ‘1o i, 1R where  jouet fuse panel. In order that sll amplls
on e line am ers are required,-
bagyfor auxiliarg stations shown ineFig. 28 power discharge leads, all the upper fuse
and the bay for main stations shown in Fig, panels in an office are connected to one
26, The bay arrangement shown in Fig, 28 130-volt power lead and one 24-volt lead,
is suitable for use at all twist po%nts. while all the lower fuse panels are con-
It provides for deviation equalizers per nected to a second set of power leads.
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5.07 The bay arrangement for auxiliary

stations, Fig. 25, is similar to that
just described except that the fuse panels
and grid supply resistances are located in
the by-pass set bay (covered in separate
information), and the test amplifier in the
first bay is not required. The capacity of
this bay arrangement is, therefore, 21 line
amplifiers.

5.08 Fig. 27 shows a two-bay arrangement

for 15 or 16 line and twist amplifi-
ers without deviation equalizers. The
left-hand bay of each group of two mounts
the line amplifiers, and the right-hand bay
mounts the twist amplifiers.- and the twist
regulator networks. The first group of
bays mounts 15 line and 15 twist amplifier

FOR FLAT GAIN

Erl

- 3
LINE AM'PLIFIE

£-WOR W-E
10

20
LINE AMPLIFIER
21 )

| I
—

Fig. 25 - Bay Layout of Line Amplifiers ‘in
Auxiliary Repeater Station - E-W
or W-E.
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panels, a test amplifier (for the pilot
level measuring circuit), and an auxiliary
switching amplifier (for the line switching
circuit covered in other information). The
succeeding groups of bays mount 16 line and
16 twist amplifiers. The fuse panels at
the top of the line amplifier bay mount the
fuses for both line and twist amplifiers.
The grid supply resistances and terminal
strips for the leads to the motors on the
line amplifiers are also mounted at the top
of this bay. The fuse panel at the top of
the twist amplifier bay mounts the fuses
for the leads to the twist regulator motors

.on the ©50A drive panels from the 55-volt

supply and the master: twist controller.
Three 50A drive panels, each of which has a
capacity of six regulators, are mounted at
the bottom of the two bays.

ELECTROLYTIC

CONDENSERS
A i o T
(RIBU 1]
FOR FLAT GAIN |R
REGULATORS
FUSE PANEL FOR
AMPL.1,3,5ETC.
FUSE PANEL FOR
AMPL.2,4,6,ETC.
N AMEL IR

LINE AMPLIFIER
I OR 21

5 OR 25

E-W OR W-E

10 OR 30

5 OR 35

LINE AMPLIFIER
9 OR 39

1

'Fig. 26 - Bay Layout of Line: Amplifiers

Without Twist Amplifiers or Am-
plifier or Cable Deviation Equal-
izers in Main Repeater Stations -
E-W or W-E.
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Fig. 27 - Bay Layout of Line and Twist Am-
plifiers, Including Twist Regula-
tor Networks but no Amplifier or
Cable Deviation -Equalizers in
Main Repeater Stations - E-W or
W-E.

5,02 Since the line and twist amplifier

‘ pdnels are the same size, the corre-
sponding ‘amplifiers of each circult are
mounted in a horizontal line 1in adjacent
bays. Consequently the leads 1in shielded
cable from the output transformer of each
line amplifier are run directly across to
the: twist regulator network in:the next bay
without running up or down 1in the cable
duct. The leads connecting the twist regu-
lator networks to the regulator resistances
on the 50A drive panels are run in shielded
cables in the left-hand cable duct of the
twist amplifier bay.

5.10 The three-bay arrangement, Fig. 28,
which 1s required when equalizers are
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ELECTROLYTIC
CONDENSERS

) o Tk Yl - PP T
| [DISTHIST { |
T ]1 w
FUSE PANEL FOR
AMPL.1,3;5 ETocR
AipL 2 6,1 (BT SIS
ELN@WEEE R EVIATFO(illaéQUA IZER
LIFIER
LINE AMPL JOR 19
50R 23 5O0R 23 5 OR 23
E-W OR W-=E £-W ORW-E E-W OR W-E
10 OR 28 10 OR 28 ‘10 OR 28
15 OR 33 15 OR 33 15 OR 33
. i)
LINE SNPLIFIER o'ava'?ﬁﬁog&g,g’d&S Jm%;rrﬁ&' @Aﬂgm
[TWIST REGULATOR|
LSRR T &?"fﬂ“* TR
OR OR OR R OR
18 19 23 || 23 29 || a0 35
' $ORR * 0B 01
Il
HJ LHII v Ilu 1

Fig. 28 - Bay Layout of Line Amplifiers,
Twist Amplifiers, Twist Regula-
tor Networks, Amplifier and Cable
Deviation Equalizers in Main Re-
peater Stations - E-W or W-E.

used as well as twist amplifiers, follows

‘egsentially the same plan as the two-bay

arrangement Just described, except that it
is necessary to add a bay in between the
line and twist amplifier bays for the pan-
els mounting the twist regulator networks,
cable deviation equalizers, and 6A ' pad.
This arrangement has capacity for one more
circuit, however, ©because the three 504
drive panels are distributed in each of the
three bays. The first group of three hays
will therefore have a capacity of 17 one=
way circuits, and will also mount the test
and auxiliary switching amplifiers. Subse-
quent groups of three bays will have a ca-
pacity of 18 one-way circuits, The fuse
panel for the motors on the 50A drive pan-
els is located in the middle bay. :
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SECTION E44.560

5.11 Since the panel for the middle bay is 6. BATTERY SUPPLY CIRCUITS

the same size as the amplifier pan- ' : .
els, the same arrangement of cabling can be (A) Line Amplifier in Main Stations

followed as for the preceding case. The .01- |
leads (in shielded cable) from the output 6 O; f?ﬁe §§;§§§¥ersﬂggéy 1ﬁi£§¥§tst§€i§§§
of the line amplifier to the twist regula- is shown in Fig. 29. The regular central
tor network, and the leads (in shielded ca- office 24-volt battery 1is required for the
ble) from fohe cable.dev1ation equalizer to heaters of the vacuum tubes “and for relay
the amplifier deviation equalizers (on the operation at main repeater and terminal
twigt amplifier panel) 'are run directly stations. 120-volt Dbattery * 5 volts is :
across the cable ducts between adjacent required for the plate supply at main re- '
bays. . peater and terminal stations.
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T Temgen :
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l = T BAT.  1558“ |
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l '
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l SUPPLY CIRCUIT I

Fig. 29 - Battery Supply Circuit - Line Am~
plifier in Main Stations.
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SECTION E44.560

(B) Line Amplifier in Auxiliary Repeater rent. Seven amplifiers are operated in se-
Stations ‘ ries. When the number of repeaters in the

; , station is not divisible by 14, two resist-
ance panels with -suitable resistances are

6.02 The battery supply circuit of the provided and connected as required in order
line amplifier used at auxiliary re- to equalize the load on all sections of the
peater stations is shown in Fig. 30. At battery. Because of the odd and even dis-
these stations, the line amplifiers operate tribution of fuse panels, 14 repeaters (28
on a single battery of 152-volts which sup- amplifiers) must be equipped before dummy
plies both heater current and plate cur- resistances are not required.
3i0A 3N A
3 i{ %_% | €
|zoo“é s 1200° 78" //\_\ .
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Fig., 30 - Battery Supply Circuit - Line Amplifier
in Auxiliary Repeater Stations.
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SECTION E44.560

(C) Twist Amplifier even-numbered circuits, are required to
provide grid bias on ‘the 311A tubes in the
6.03 The battery supply circuit of +the line amplifier and +twist amplifier cir-
twist amplifier 1is shown in Fig. 3l. cuits. 16 volts X .8 volt, are required
It is not expected that this amplifier will - for this purpose. The grid battery circuit
be operated on 152-volt battery. provides an alarm arrangement so that an
alarm is given when the grid voltage drops
(D) Grid Supply ArrangeTents below 15.2 volts, or when a trouble condi-
6.04 Two sets of grid batteries, .one for tion occurs which produces a current flow
odd-numbered circuits and one for in the grid supply circuit.
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Fig. 31 - Battery Supply Circuit - Twist Am-
plifier.
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6,05 Resistances are provided in the indi-
, vidual leads to each amplifier so
that a ground on one grid lead will not af-
fect any other amplifiers. The common lead
between the grid batteries and the resis-
tances is well shielded and protected so
that there is very 1little likelihood of a
this part of the cir-

ground occurring in

cuit.

- 6,06 A transfer key
of batteries (odd and even), so
0dd and even loads may be trans-
either battery supply.
other battery for tests and re-

set
that both
ferred to
leagses the
placement of

is provided with each

This re-

cells, A key 1s provided for

testing the battery by placing a resistance

load across

from the circuit by the

key.

6,07 An exception

the battery when it is removed
battery transfer

which occurs when grid

batteries are not needed for grid
bias on the 1line amplifiers was mentioned
in paragraph 3.09.

7. -DRAWINGS

\
b

'SD Drawings (Not Attached)

SD-64326-01

SD-64327-01

SD-64337-011
-012

SD-64329-011
=012

SD-64331~011
=012

Application Schematic 12-60 Kc.
Line Amplifier and Regulator
for Repeater Offices with Flat
Gain Regulation Only

Application Schematic 12-60 Kc.
Line and Twist Amplifiers and
Regulators for Repeater and
Receiving Terminal Offices
with Flat Gain and Twist Regu-
lation

12-60~-Kc. Line Amplifier
12-80-Kc, Twist Amplifier

Equalizers and Twist Regulat-
ing Network for Use with 12-
60-Kc. Twist Amplifier

ED Drawings
ED-61443-01

ED-64326-01

ED-64326-02

ED-64327-01

ED-64327-02

ED-64328-01
ED-64328-02
ED-64328-03
ED-64328-04
ED-64329-01

ED-64329-03

ED-64329-04

ED-64331-01
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(Not Attached)

50A Drive - Can Cover Equip-
ment
Amplifier Bay Equipment for

Use in. Main Repeater Stations
Without Twist Regulation, and
Auxiliary Repeater Stations

Amplifier Bays - Cabling Main
Repeater Stations Without
Twist Regulation, and AUxilia-
ry Repeater Stations

Amplifier and Equalizer Bay
Equipment for Use in Offices
With Twist Regulation

Amplifier and Equalizer
Cabling for Stations
Twist Regulation

12-60-Kc. Line Amplifier -
Equipment and Assembly

Bay
with

12-60-Kc. Line Amplifier - De-
tailed Assemblies

12-60-Kc. Line Amplifier -
Cathode and Feedback Equipment
12-60-Kc, Line Amplifier -

Local Cable Layout
Twist Amplifier

Twist Amplifier - Local Cable
Layout _ ‘

12-60-Kc, Twist or Transmit-
ting Amplifier - Output Bridge
Feedback and Cathode Equipment

Equalizer Panel Arranged for
Twist and Cable Deviation
Equalizer and Building Out
Pad - Equipment and Assembly
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