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SECTION 359-010-115

transmission line, a certain flatness of frequency
must be maintained to overcome the effects of sys-
tem misalignment. Since the 4000-mile coaxial
cable used in the L3 carrier system has a gain
distortion of nearly 40,000 db between 0.3 and
8.5 mc, an elaborate system of equalization and
amplification is necessary to prevent excessive
misalignment and to provide a reasonable signal-
to-noise ratio over the transmission path. The
line amplifiers provide the bulk of equalization
required in the L3 ecarrier system. The residue
is equalized by the application of fixed and ad-
justable terms of loss equalization which provide
losses of the correct proportion in each area of
the frequency spectrum required to restore flat-
ness. The equalized signal is then amplified by
one or more flat-gain amplifiers to the required
level for satisfactory transmission over the next
leg of the path. If the transmission level is too
low, the signal will be degraded. If the signal
level is too high, the modulation noise and cross-
talk performance may be penalized.

1.04 The loss equalization may be classified as

two types, fixed and adjustable. Fixed
equalizers provide compensation at each equaliz-
ing or main repeater for accumulated design de-
viations from the ideal characteristics. Fixed
equalization is also employed at each repeater to
compensate for the various types of coaxial cable
employed. Adjustable equalization is provided to
compensate for changes in system gain. These
changes may be slow or rapid, depending upon
their cause. Slow changes in system gain are
corrected by manual adjustment, and rapid
changes are corrected by automatic adjustment.

1.05 A pilot regulator provides the automatic

adjustment by producing a direct current
which automatically changes in accordance with
the level of the particular pilot frequency. Sev-
eral pilot frequencies are placed at points in the
spectrum that are sensitive to variations in the
respective types of equalization. At some auxiliary
repeaters the line amplifier gain is controlled by
temperature changes in the coaxial cable near the
hut. Interaction between the broad equalization
shapes might result from the tendency of one
regulator to correct for a change in characteristic
introduced by another regulator. A computer cir-
cuit is employed to translate pilot errors and drive
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the appropriate regulating networks in such pro-
portion that no gain change will occur at any pilot
frequency except the one originally disturbed.

1.06 Delay equalization is provided for systems
of combined message and television trans-
mission to correct the difference in the transit
time of the line frequencies in the TV portion of
the band. Since the bandwidth of a television sig-
nal is more than 4 mec, the delay-versus-frequency
distortion over the broad band creates a serious
problem. Delay build-out equalizers are installed
to accommodate each particular circuit length. At
switching main and terminal repeater points, an
adjustable phase build-out network is used to pro-
duce the same electrical length in the regular lines
as that existing in the standby lines, a prac-
tice which enables hitless switching. Section
359-010-125 describes the switching systems.

1.07 Pilot indicators are provided to show the

variation of dc output current produced by
the respective pilot regulators. If abnormal de-
partures from the normal levels are experienced,
alarm signals are produced which may be used to
operate office alarm equipment through direct or
remote facilities.

1.08 Table A lists application of units in the

various types of repeaters. Fig. 1A shows
a switching main repeater station (odd direction)
which congists of the receiving bay, the miscel-
laneous bay, and the transmitting bay. The re-
ceiving switching main repeater and the line con-
necting circuits are represented by dark lines and
are shown in detail in Fig. 1B and 1C, respec-
tively.

2. EQUALIZATION

2.01 Equalization is the process of correcting

system gain and delay deviations suffi-
ciently to permit the satisfactory transmission of
signals. The application of loss equalization to re-
store flatness compensates on all systems for gain
deviations at the various frequencies. The equal-
izers are followed by flat-gain amplifiers to com-
pensate for the losses incurred in the process of
equalization. Alsec on all systems, phase devia-
tions due to the difference in the electrical length
of a regular line and the standby line are equal-
ized by the phase build-out network employed at
the receiving end of switching sections.
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TABLE A

APPLICATION OF COMPONENTS AT A RECEIVING REPEATER
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* Additional units for TV systems located in the line connecting circuit:

336A equalizer with flat-gain amplifier F.

325A, B, and C; 326A; and 327A and B equalizers with flat-gain amplifier E.
All other items in Table A are located in the receiving repeater.
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On TV systems, delay deviations are corrected
by the delay build-out network, which compen-
sates for the differences of transit time across
the bandwidth.

2.02 All repeater stations ranging from the

simplest auxiliary repeater to the most
complex terminal repeater use the artificial line,
the basic equalizer, and the line amplifier. The
artificial line is used only where necessary to build
out the repeater spacing to an equivalent 4
+0.2 miles at 55° F. The basic equalizer com-
pensates for the differences between one type of
cable and another. The line amplifier provides
an equalization shape which varies with the
square root of frequency. The average auxiliary
repeater matches the preceding 4 miles of cable
to within +0.12 db, but this error accumulates
to over 3 db in 30 repeaters. Since this gain de-
viation is approaching the design limit for the
L3 system, further equalization is necessary.
This is supplied by supplementary fixed, manual,
or automatic equalizers at the equalizing auxili-
ary or main repeaters. The gain error is thus re-
duced to less than 0.5 db by fixed and manual
equalization. The dynamic equalizers automati-
cally prevent this residue from appreciably de-
grading the signal during the interval between
the performance of manual adjustments. Equal-
izers B1 and B2 are added to this complement at
the switching main and terminal repeater stations
to satisfy the strict gain stability requirements
at a switching point. Also added are the delay
build-out and phase build-out equalizers to ac-
commodate the delay requirements.

A. Fixed Equalization

2.03 The first step of fixed equalization is ac-

complished at auxiliary repeater stations
where the nominal gain of the line amplifier com-
pensates for the loss of 4 miles of coaxial cable.
The line amplifier is discussed in Section
359-010-110. An artificial line is used to build out
the loss of shorter lines to the 4-mile length. Basic
equalizers are provided to compensate for the dif-
ferences in the loss characteristics of the different
types of cable employed.

2.04 The second step of fixed equalization occurs

at equalizing auxiliary and equalizing main
repeater stations to compensate for an accumu-
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lated gain deviation which is dependent upon the
number of auxiliary repeaters. The insertion of
this design deviation equalizing network in the
A2 equalizer helps to preserve the range of the
manual shape networks by building out the flat
loss of the equalizer to 34 db to avoid overloading
the succeeding flat-gain amplifier.

2.05 Equalizer Bl is factory-equipped with

fixed delay network(s) between each co-
sine equalizer network and the associated rheo-
stat used for adjustment.

B. Manual Equalization

2.06 Manual equalization networks provide com-

pensation for minor system misalignment
not equalized by the fixed networks and for the
slow variations of gain due to temperature and
aging. Manual equalization networks are con-
tained in equalizer units A1 and A2 which are
employed at equalizing auxiliary and equalizing
main repeaters. For finer manual equalization at
the switching main and terminal repeaters, ad-
justable networks are provided in the Bl equal-
izer unit. The manual networks of the three
equalizer units provide a total of 1 flat and 14
cosine shapes which are very effective for the
8-mc band of the L3 system. The manner of ac-
complishing cosine equalization is described in
the succeeding paragraphs.

2.07 An electrical wave of any shape may be

synthesized by correctly adding a sufficient
number of harmonic shapes. The exactness to
which a particular waveshape may be formed is
dependent upon the number of components that
is added. In general, the higher the frequency
of the harmonics the lesser the magnitude re-
quired. A loss curve may be synthesized in the
same way. In the case of equalizing the L3 sys-
tem, 1 fundamental and 13 harmonics have been
found sufficient to give a tolerable degree of equal-
ization. Designated controls give continuously
variable control from one extreme through a flat
loss to the other. Table B lists the equalizer con-
taining each network, the loss when each is set
flat, and the variation in loss with respect to flat
loss.

2.08 The FLAT control in equalizer Al is a
variable attenuator which has a total
range of *=2.7 db from a nominal flat loss of
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4.18 db across a 0.0- to 8.5-mc band. Table B
lists the knob designations and number of co-
sine cycles across the band for each network.

TABLE B
MANUAL EQUALIZERS
NUMBER OF
KNOB COSINE FLAT
EQUALIZER DESIG- CYCLES IN LOSS RANGE
NATION 8.5-MC
BAND
FLAT 0 418 | =27
1 14 418 | =27
Al 2 1 418 | =27
3 114 418 | =27
4 2 4.0 +1.5
5 214 4.0 +1.5
6 3 4.0 +1.5
A2 7 314 3.75 | =+1.0
8 4 375 | =10
9 414 375 | =10
10 5 3.4 +0.5
11 514 3.4 +0.5
B1 12 6 3.4 +0.5
13 614 3.4 +0.5
14 7 3.4 +0.5

2.09 Control number 1 controls the loss of a

network whose loss shape with frequency
follows 180 degrees of a cosine wave between
0 frequency and 8.5 me, as shown by curve 1
in Fig. 2. With the control knob set to position
0, the loss at zero frequency is a minimum of
—2.7 db with respect to the nominal flat loss of
4.18 db (zero on the curve). The loss shape fol-
lows a cosine curve crossing the 0-db (nominal
flat loss) axis at its midpoint, and reaches a maxi-
mum of +2.7 db (with respect to the nominal
flat loss of 4.18 db) at 8.5 mec. With the control
set to position 10, the signs of the losses are in-
terchanged. Thus, since the control is contin-
uously variable, between positions 0 and 10 a
cosine-shaped loss curve of any amplitude be-
tween +£2.7 db (with respect to 4.18 db) may
be obtained. A nominal flat loss of 4.18 db re-
sults when the control is set to the approximate
center of its range.
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2.10 Control number 2 controls the loss of a

network whose loss shape with frequency
follows 360 degrees of a cosine wave between
0 frequency and 85 me, as shown by curve 2
in Fig. 2. With the control knob set to 0, the loss
at zero frequency is a minimum of —2.7 db with
respect to the nominal flat loss of 4.18 db (zero
on the curve). The curve follows a cosine wave
crossing the flat-loss axis at 90 degrees, reaches
a maximum of +2.7 db at 180 degrees, again
crosses the flat loss axis at 270 degrees, and is
—2.7 db at 8.5 me. With the control knob set to
position 10, the signs of the losses are inter-
changed. Thus, since the control is continuously
variable, a cosine-shaped loss of any amplitude
between *2.7 db with respect to 4.18 db may be
obtained. A flat loss of 4.18 db is obtained with
the control at the approximate center of its range.

2.11  Controls 3 through 14 control the loss of

networks similar to those controlled by
knobs 1 and 2, except for the number of cosine
cycles in the shape, the flat loss, and the range
loss.

2.12 Fig. 3 shows a simplified circuit of man-

ual network 1 in equalizer Al. If all the
reactive components of the shaping sections were
eliminated, this network would then be equiva-
lent to the FLAT network. The rheostats indi-
cated are on one shaft and have characteristics
of change of resistance versus angular position
which are similar in shape, but inverse. These
controls govern the amplitude of the loss curves.
The network designated 2 in Table B has the
same configuration as that shown in Fig. 3, ex-
cept for the addition of a second shaping section
at each set of terminals marked A, B, and C.
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Each higher numbered network is the same as
Fig. 3 except that the number of shaping net-
works in each arm is the same as the number of
the network.

LN A [
SHAPING SECT |
A Tt
- ¢ "
VW l 1
|
— )
N SHAPING SECT | !
B 8 our

= L

Fig. 3 — Manual Network —
Simplified Schematic

2.13 With a total of 14 cosine-shaped networks

to be adjusted manually, adjustment to fit
a given loss curve would be very difficult with
ordinary measuring equipment. Special cosine
equalizer adjustment test sets, described in
Sections 103-453-100 and 103-453-101, give a
meter indication produced from a swept signal
which indicates whether or not operation of a
particular control improves the equalization of
the line under test. With these sets, adjustment
of the cosine equalizer consists merely of operat-
ing controls in turn to obtain a minimum deflec-
tion of the meter; when no further reduction in
reading is obtained, optimum equalization is
achieved.

2.14 At equalizing auxiliary and equalizing

main repeaters where only equalizers Al
and A2 are used, the number of manually con-
trolled networks is reduced to 10, including the
FLAT adjustment. The 9 instead of 14 cosine-
shaped loss curves are sufficient to reduce cumu-
lative deviations to a tolerable degree. At switch-
ing points where it is essential that each regu-
lar and standby line have gain curves which are
closely alike, equalizers A1, A2, and Bl are used.
Equalizer B1 provides the additional five cosine-
shaped loss curves. This permits adjusting the
transmission characteristics of working lines to
be alike within +0.256 db and the line-up re-
quirements of a switching section.
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2.15 Switching main and terminal repeaters are

further equipped with a low-frequency
(LF) equalizer which may be adjusted to correct
for gain deviations at the lower end of the spec-
trum. Also provided are four bump-type equal-
izers associated with the 556-, 308-, 3096-, and
8320-ke pilot frequencies. Each bump equalizer
provides fine adjustment over a small range of
frequencies and is used to reduce the residual
variations at the pilot frequencies after all other
gain equalization has been performed.

2.16 The switching main and terminal repeat-

ers, when transmitting television groups,
provide an adjustable delay build-out network
to equalize the transit time across the television
frequency band of more than 4 me. The same
repeaters employ a phase build-out network with
all-message or the combined groups of message
and television. The phase build-out network is
adjusted to produce the same electrical length in
each of the regular lines and the standby line of
a switching section. Hitless maintenance switch-
ing of the phase-equalized lines may be accom-
plished by using the automatic protection switch-
ing equipment described in Section 359-010-125.

C. Dynamic Equalization

2.17 All repeaters use some form of automatic-
gain equalization to compensate for the
more rapid changes which may occur during the
interval between the performance of manual ad-
justments. Since the cable loss varies with
changes in temperature, the gain characteristic
of the line amplifier is dynamically controlled.
At auxiliary repeaters, the dynamic portion of
the line amplifier is controlled by a 7266-kc pilot
regulator or a thermistor buried with the cable.
Two types of circuits, indirect and direct, are used
to control the dynamic network control (thermis-
tor). The indirect method compensates for
changes in ambient temperature and is discussed
in 2.21. The direct method is discussed in 2.18.

2.18 Equalizing auxiliary and equalizing main

repeaters provide networks to match sys-
tem gain variations by controlling the dynamic
portion of the line amplifier and the Al and
A2 equalizers. The gain characteristic of the line
amplifier is varied automatically under the control

P
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of a thermistor for changes in the detected ampli-
tude of the 7266-kc pilot. Equalizer units Al and
A2 contain dynamic networks 1 and 2 which pro-
vide coarse compensation for short-term changes
of temperature and aging, respectively. The ther-
mistors controlling dynamic equalizers 1 and 2
are driven by changes in the detected amplitude
of the 3096- and 2064-kc pilot frequencies, re-
spectively.

2.19 Switching main and terminal repeaters use

equalizers Bl and B2 in addition to all the
units described in 2.18. Equalizer B1 is equipped
with dynamic network 3, and equalizer B2 con-
tains the dynamic networks 4 and 5. The thermis-
tors in their networks are controlled by the de-
tected amplitudes of the 556-, 308-, and 8320-kc
pilot frequencies, respectively. The respective net-
works automatically compensate for the short-
term effect of fine changes in temperature, aging,
and line gain.

2.20 The methods of control applied to all the

dynamic equalizers are described in this
section under Pilot Regulator (Part 3) and Con-
trol of Dynamic Networks through Computer
(Part 3). Each of the five dynamic equalizers
employs the dual thermistor card which is used
to compensate for changes in ambient tempera-
ture (see 2.21).

D. Compensation for Changes in Ambient Tempera-
ture

2.21 As outlined in 2.17 through 2.20, each dy-
namic equalizer automatically readjusts
the loss of the transmission circuit by means of

ISOLATION

SERIES RESISTANCE
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a thermistor and associated elements. The ele-
ments associated with the thermistor determine
the loss shaping versus frequency. The change
in thermistor resistance determines the amount
of change in loss. In order to avoid the effect of
ambient temperature changes upon the thermistor
control element, another compensation must be
made. As shown in Fig. 4, each dynamic equal-
izer network is equipped with a thermistor card
on which are mounted two thermistors. The first
is the ambient temperature-compensating ther-
mistor which functions in conjunction with fixed
series resistance as the variable element of an
L pad. As the ambient temperature changes, the
resistance of the shunt arm varies in such a way
as to regulate the 60-cps current delivered to the
heater of the network control thermistor. The
heat generated therein is always just sufficient
to hold the temperature of the network control
thermistor above ambient temperature by a
reasonable amount and to eliminate the effect of
changes in ambient temperature upon the control
network. The isolated heater supply of the con-
trol network is biased to operate at 4190 volts
to ground in order to avoid a large difference of
potential between the heater and the bead of the
network control thermistor, since the bead also
operates at 4-190 volts to ground. The bead po-
tential is supplied by the de amplifier of the pilot
regulator. The value of the network control ther-
mistor, which controls the loss of the dynamic
equalizer, is thus controlled from two sources:
indirectly by the temperature compensation cur-
rent applied to the heater, and directly by the
application to the bead of the controlling plate
current of the dc amplifier in the pilot regulator.

DYNAMIC NETWORK

TRANSFORMER | |
AMA—AM- »

FROM 60 CPS T |
HTR-2 +130V DC

SUPPLY I TEMPERATURE — NETWORK |

COMPENSATION CONTROL
| THERMISTOR THERMISTOR |
- _
FROM
PILOT REG
Fig. 4 — Ambient Temperature-Compensation Circuit
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E. Equalizer Al

2.22 Equalizer Al, used at equalizing auxiliary

repeaters, is sealed. A compartment is
provided in the equalizer for desiccant to absorb
entrapped water vapor. The desiccant is not
furnished but is put in place during initial line-up
and replaced as part of the normal maintenance
routine.

2.23 Fig. 5 shows the face of equalizer Al with

the dust cover omitted. The control knobs
are on shafts which drive the variable resistors
for control of network losses through a worm gear
to give fine control. A graduated dial with num-
bers from 0 to 10 is visible through each of the
oblong windows. The cover has a hinged section,
forming a secondary cover over the controls,
which can be opened to obtain access to controls
without removing the dust cover.

F F P &

Fig. 5 — Face of Equalizer Al

2.24 [Equalizer Al contains four cosine-shaped

manual equalizers, one flat manual equal-
izer, and one dynamic equalizer for equalization
due to variations in hut temperature. The loss
of the dynamic equalizer is automatically con-
trolled by regulators varying the current in a
thermistor contained in the network. The pur-
pose of the network is to compensate for varia-
tions in line gain resulting from changes in the
temperature of repeaters. The combined effect
of temperature changes on all elements in the re-
peater is shown in Fig. 6 for plus or minus 40-de-
gree F. variations in the ambient temperature of
the repeater. When the thermistor current is in
the center of its range, the network presents a
flat loss of approximatly 9 db, which is the zero
axis of the curve.
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Fig. 6 — Combined Effect of Positive and
Negative Variations of Ambient
Temperature of Repeaters

F. Equalizer A2

2.25 Equalizer A2 is similar in appearance to

equalizer Al, except that its controls are
designated 5 through 9. In addition to the man-
ually controlled networks, equalizer A2 contains
a dynamic network shaped to compensate for gain
changes resulting from aging of electron tubes
in amplifiers and a fixed design deviation network
shaped to compensate for fixed, known deviations
from design characteristics of repeaters.

2.26 Since the magnitude of correction for de-

viations from design values increases with
the number of auxiliary repeaters through which
signals pass, three applications of design equali-
zations have been chosen. When there are 1 to
10 auxiliary repeaters in tandem, a flat pad of
8.5-db loss is used since the amount of design
error that can accumulate is small. This pad builds
out the flat loss of equalizer A2 to 34 db to avoid
overloading the succeeding flat amplifier. When
there are 11 to 22 repeaters, a fixed shape 218D
design deviation equalizer that compensates for
19 repeaters is used to equalize the systematic
error and helps to preserve the range of the man-
ual shape networks. When there are 23 to 32 re-
peaters in tandem, a 218E design deviation
equalizer is employed to compensate for 28 re-
peaters.
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2.27 Fig. 7 shows the variation in loss equal-
izer A2 having the 19-repeater design de-
viation network. This variation is caused by the
dynamic network when all other networks are
set flat. Since the middle curve shows the case
where the dynamic network is flat, this curve
represents the design deviation network.
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Fig. 7 — Dynamic Network Loss Variations

of Equalizer A2

G. Equalizer Bl

2.28 Equalizer Bl is used at switching points

to produce the finer degree of eqialization
necessary for each regular line and each standby
line to have virtually the same gain curves. It
provides manual adjustment of the five cosine
shapes designated 10 through 14 in Table B. The
adjustable cosine networks are also equipped with
factory-aligned delay networks. Equalizer Bl
further provides dynamic equalizer No. 3, which
is shaped to automatically compensate for gain
changes resulting from temperature changes that
may occur during the interval between the per-
formance of manual adjustments. The dynamic
network is controlled by the 556-kc¢ regulator.
Equalizer Bl is also equipped with fixed delay
networks which are aligned during manufacture.

H. Equalizer B2

2.29 Equalizer B2 is used at switching main

and terminal repeaters as is equalizer B1.
Equalizer B2 has no manual equalizers but con-
tains the two dynamic equalizing networks, No. 4
and No. 5, and a 5.8-db pad. Dynamic equalizer
No. 4 is controlled by the 308-kec regulator and
provides fine aging corrections. Dynamic equal-
izer No. 5 is controlled by the 8320-kc regulator
and provides fine line level corrections.

ISS 3, SECTION 359-010-115

I. The 308-KC Equalizer

2.30 The 308-ke equalizer, a 226S-type network,

is manually adjustable, furnishing addi-
tional equalization at the low-frequency end of
the line. Its function is to reduce the residual
variation at the 308-ke¢ pilot after the manual
equalizers have been adjusted.

2.31 Fig. 8 shows graphically the variation of

loss in db of the 226S-type network, plotted
against frequency in megacycles. The actual loss
may deviate from the value indicated by +=0.10 db
at the lower end of the frequency band. Above
1 mec the permissible variation is +=0.05 db.

J. The 3096-KC Equalizer

2.32 The 3096-kc equalizer, a 226W-type net-

work, is manually adjustable and is in-
tended fo correct for gain deviations after mop-
up at the 3096-kc pilot frequency.

2.33 Fig. 9 shows graphically the insertion-loss

characteristics in db of the 226W network
plotted against frequency in megacycles. The
network provides an approximate loss swing at
3096 ke of =0.5 db. Flat loss is 1.27 db.

K. The 8320-KC Equalizer

2.34 The 8320-kc¢ equalizer, a 226Y-type net-

work, is manually adjustable and is in-
tended to correct for gain deviations after mop-
up at the 8320-ke pilot frequency.

2.35 Fig. 10 shows graphically the insertion

loss characteristics in db of the 226Y net-
work plotted against frequency in megacycles.
The network provides an approximate loss swing
at 8320 ke of =1.5 db to =2.0 db. Flat loss is
2.2 db.

L. The 556-KC Equalizer

2.36 The 556-kc equalizer, a 226AB-type net-

work, is manually adjustable and is in-
tended to correct for gain deviations after mop-
up at the 556-kc frequency.

Page 11
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Fig. 9 — 3096-KC Equalizer (226W Network) Measured Loss

2.37 Fig. 11 shows the insertion loss charac- M. The LF Equalizer

teristics in db of the 226AB network
plotted against frequency in ke. The network 238 The LF (low-frequency) equalizer, a
provides a loss swing of #2.5 db at 556 ke about 226AC network, is manually adjustable
a flat loss of 8.5 db. The loss swing tapers to the and is intended to correct for gain deviations
flat loss at 370 and 800 ke. after mop-up at the 308-ke frequency.
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Fig. 10 — 8320-KC Equalizer (226Y Network) Measured Loss

2.39 Fig. 12 shows the insertion loss character-

istics in db of the 226AC network plotted
against frequency in ke. The network provides
a loss swing of +2.5 db at 308 ke about a flat loss
of 8.5 db. The loss swing tapers to the flat loss
at 800 ke.

N. The Delay Build-Out Equalizer

2.40 Transit time of line frequencies over a co-

axial cable is not uniform, with higher
frequencies being subject to more delay in trans-
mission than the lower frequencies. This delay
in transmission is not noticeable in the telephone
systems, as each channel has its own small band-
width. In a system used for televigsion, where
the frequency band is more than 4 me, the delay
distortion is considerable and requires additional
equalization for transmission of a satisfactory
television signal.

2.41 Delay distortion equalization is optionally

provided in the receiving terminal repeater
equipment at switching main and terminal re-
peaters, as shown in Fig. 1. A 475A adjustable
delay distortion build-out network, whose fune-
tion is to equalize the difference in transit time
by building out the line delay by adding equal
and opposite delay to that of the line equipment,

is included in the receiving high-frequency equip-
ment at switching main and terminal repeaters.

2.42 The 475A delay equalizer, in the receiving

side of the high-frequency line, has four
knob-type switches which adjust the relative de-
lay in microseconds for various line sections from
1/4 auxiliary repeater section up to and includ-
ing 3-3/4 sections. Fig. 18 shows the delay in
microseconds relative to the delay at 3.5 mec.
Therefore, all the curves approach zero relative
delay at the 3.5-mc reference frequency. The ab-
solute value of the 3.5-mc delay of the network
and its connecting cables is given by the chart
above the curves. The relative delay over the
3.5- to 9.0-mc range varies from 0.0 psec to
0.02 psec for the 1/4 section switch position to
0.0 usec to 0.7 psec for 3-3/4 sections. The meas-
ured insertion loss in db is a function of the same
four switches and is approximated in Fig. 14.
For the switch positions 1/4 to 3-3/4, the losses
vary from as small as 0.02 db at 3.0 me to as
great as 1.82 db at 9.0 me, depending upon the
number of switch sections used. A dip in trans-
mission level of about 3.0 db might result during
the operation of the switches. The switches must
therefore be operated quickly or an automatic
switch to a standby line may result.

Page 13
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Fig. 11 — 556-KC Equalizer (226AB Network) Measured Loss

O. The Phase Build-Out Equalizer

2.43 All regular lines and the standby line in

a switching section must be of the same
electrical length to minimize errors in data trans-
mission which otherwise would be introduced by
switching from a regular line to a standby line.
The J68836T adjustable phase build-out equalizer
is provided at switching and terminal main re-
peater stations. Measurements to determine the
amount of phase build-out required cannot be
made until a line and its standby are both in-
stalled and operable.

2.44 In applications where hitless line switch-

ing is not supplied, the J68836T panel is
not provided. A 19D or 19E pad is substituted to
provide the 5.0-db insertion loss of the equalizer.
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245 The adjustable phase build-out equalizer

consists of networks used in combination
which provide up to 625 degrees per me slope.
The networks are available in 14 options, and
they employ a combination of two adjustable
phase sections and up to four fixed phase sec-
tions or pads as required.

2.46 The two adjustable phase sections always

provided with the panel are each equipped
with a 16-position selector switch. The one, a
4054 A network, provides a fine adjustment up to
20.75 degrees per me in 1.25-degree per me steps.
The other, a 4054B network, provides a coarse ad-
justment up to 78.0 degrees per me in 5.0-degree
per mc steps.

2.47 In addition to the adjustable phase net-
work, a combination of fixed phase net-
works or pads may be employed in 14 options.

()
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Fig. 12 — LF Equalizer (226AC Network) Measured Loss

A total of four fixed networks or pads are wired
on the panel in tandem and are considered as
building blocks of phase. There are three dif-
ferent fixed networks, each succeeding one hav-
ing approximately double the amount of phase of
the previous one. The phase shift provided by the
networks is approximately 78.4 degrees per mega-
cycle for the 4055A, 156.5 degrees per mega-
cycle for the 4056A, and 39.1 degrees per mega-
cycle for the 4057A.

2.48 An attenuation pad with insertion loss

equivalent to a particular fixed network is
used in the absence of any fixed phase adjustment
network to maintain the same output level for
all options. Two types of pads are used, the 41A
and 42A. The 41A pad with 0.8-db attenuation
is used in lieu of the 4055A network; the 42A
pad with 1.4-db attenuation is substituted for

the 4056A or 4057A network. The pads fit onto
the J68836T panel in the same mounting as their
respective fixed networks and are wired in the
same manner,

P. Equalization of TV Signals in Line Connecting
Circuit

2.49 Fig. 1C shows the television signal path

in a typical line connecting circuit. When
television facilities are part of the L3 carrier
system, supplemental gain and delay equalizers
are employed in the line connecting equipment.
These equalizers provide equalization for all the
high-frequency line equipment between the pilot
hybrid and the transmitting hybrid. This de-
seription will be limited to the equalization pro-
vided for television signals. Section 359-010-130
contains a complete description of the line con-
necting circuits.
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Curves

2.50 The combined television and telephone sig-
nals are separated in a receiving branching
filter. The filter is a part of the 326A, 327A, or
327B equalizer. One or more of these equalizers
may be employed in cascade to coarsely equalize
the delay distortion of the television band. The
326A network equalizes the distortion of ap-
proximately 15 line sections. The 327A and
327B networks match the distortion of approxi-
mately 20 and 25 line sections, respectively. In
addition, the 325A, 325B, and 325C equalizers,
which are employed to provide a finer degree of
equalization, equalize the delay for approximately
two, four, and eight line sections, respectively.

2.51 The six types of fixed delay equalizers

listed in 2.50 are employed in combination
as necessary to equalize the delay distortion of
a switching section. Where the combined inser-
tion loss of the equalizers exceeds the amount of
gain normally available, further amplification is
provided by the amplifier (FLAT AMP E). Tele-
vision receiving pads are provided to maintain
correct transmission levels. The values of each
pad (TV REC PAD A) and (TV REC PAD B)
are dependent upon the number of fixed delay
equalizers employed.

252 Since the branching filter is used only in

the first equalizer unit, a simulating net-
work is used in each subsequent 326A, 327A, or
327B equalizer to supply the delay of missing
branching filters. The simulating network is not
used in the first unit.

2.53 The cable equalizer compensates for the

transmission deviations introduced by the
cable used in the connecting circuit, hybrid coils,
and the receiving line switch. The cable equali-
zation over the TV band is produced by the
323A equalizer. Strapping terminals are pro-
vided to equalize the loss characteristics of vari-
ous lengths of No. 724 cable in steps from 50 to
300 feet.

2.54 TV hybrids 1, 2, and 3 produce the out-

puts TV LINE OUT A, TV LINE OUT B,
TV LINE OUT C, and TV TEST. The A, B, and
C outputs may be used for branching, connecting
through and/or termination of the television
signal.

£
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2.55 From line to line, the deviations within the

TV band are unpredictable and may
sometimes be excessive. When required, the
336A equalizer (TV EQ A) and amplifier (FLAT
AMP F) are inserted between the branching filter
output and the first fixed delay equalizer section.
The amplifier compensates for the adjustable
equalizer loss. The 336A equalizer is a transver-
sal equalizer and provides 23 harmonically re-
lated adjustable cosine shapes of loss versus fre-
quency and 15 of delay versus frequency across
the television band.

2.56 Unlike other equalizers in the L3 system,

the 336A equalizer is a transversal equal-
izer, which is a special case of the general class
of time domain equalizers. Because of the equiva-
lence of echoes and transmission deviations in a
system, the deviations which cause echoes may
be corrected by using compensating echoes. The
transversal equalizer employs a unique scheme of
adding echoes, which cancels those echoes already
existing in a system. By providing taps on delay
lines and providing means for adjusting magni-
tudes of the paired echoes picked off and adding
them to the original signal, any desired pattern
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of leading and lagging echoes around a signal can
be provided. As shown in Fig. 15, the transversal
equalizer is composed of a delay line, a hybrid
coil, and a summing network. The equalizer uses
an unbalanced delay line and a balanced summing
network without active elements.

2.57 The delay line is composed of 38 identical

sections, each of which is required to have
a linear phase change of 180 degrees over the TV
frequency band. In order that the terms be co-
sines, the phase shift at each band edge must be
a multiple of 180 degrees. The hybrid coil serves
several purposes. It splits the signal from the
leading line into the component that energizes
the lagging line. It inverts the phase of the sig-
nal of the lagging line, thus providing the odd
symmetry required for the delay terms. The hy-
brid coil also provides isolation between the lag-
ging line and the main signal. This is desirable
because mismatches in the lagging line produce
reflections that appear as lagging echoes if trans-
mitted without attenuation to the output of the
equalizer. Fig. 16 shows the individual potenti-
ometer summing circuit. The summing circuit is
used for combining each leading or lagging echo

L
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l

A A—2e

efdd Hid foe
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b A

(5 DELAY UNITS
I s
15 DELAY UNITS 8 DELAY UNITS
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Fig. 15 — Transversal Equalizer — Block Schematic
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pair on the balanced line between the transform-
ers in Fig. 15. The position of the variable arm
controls the magnitude as well as the sign of the
echo with respect to the main signal. To reduce
the loading of the delay line at the tapped points,
high values of resistors in the summing networks
are required. This inherently restricts the echo
magnitudes, and thus the ranges, unless the mag-
nitude of the main signal is reduced. The pad be-
tween the hybrid and summing transformers
serves to reduce the magnitude of the main sig-
nal. The pad is in the main transmission path
and is made large enough to achieve good range
in loss and delay shapes, but small enough to
avoid degrading the signal-to-noise ratio. The
ranges are listed in Table C. Since the harmonic
terms are not completely independent in the
336A equalizer, minor term interactions exist and
consequently several iterations may be required
to adjust the equalizer. It is equipped with a
sliding mask to allow access to either the delay
controls only or gain controls only. An addi-
tional knob is provided near each gain control
to select leading or lagging echoes for loss equal-
ization. The controls near the base are for sim-
ple all-pass networks that are switched in and
out to supplement the first and second delay
terms. Fig. 17 shows the mask positioned for
access to the gain controls. Fig. 18 shows the
mask positioned for access to the delay controls.

2.58 Fig. 19A shows gain and delay characteris-

ties which might be expected on a 400-mile
line without a 336A equalizer. Since the line-to-
line deviations differ greatly and are unpredict-
able, a very flexible equalizer such as the 336A
is required. The distortions of approximately
+0.7 db and =+0.15 microsecond are excessive.
Fig. 19B shows the corresponding characteristic
which might be expected after adding a
336A equalizer and adjusting the 23 gain and

LEADING ECHO "l

POTENTIOMETER
L SUMMING CIRCUIT

Fig. 16 — Method of Combining Leading or
Lagging Echoes to Produce Pure
Loss or Pure Delay

LAGGING ECHO 2
AM
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TABLE C
336A EQUALIZER — LOSS AND DELAY
CHARACTERISTICS
HARMONIC LOSS RANGE DELAY RANGE
TERM (DB) (#SEC)
1 1.1 0.03
2 1.1 0.06
3 1.1 0.09
4 1.1 0.12
5 1.1 0.14
6 0.8 0.09
7 0.7 0.10
8 0.7 0.11
9 0.7 0.12
10 0.7 0.13
11 0.5 0.11
12 0.5 0.12
13 0.5 0.12
14 0.5 0.13
15 0.5 0.13
16 0.4 —
17 0.4 —
18 0.4 —
19 0.4 —
20 0.4 —
21 0.4 —
22 0.4 —
23 0.4 —

15 delay terms. The residue now may be expected
to be approximately 0.1 db and +=0.05 microsec-
ond. Fig. 20 represents the gain and delay charac-
teristic of an 800-mile loop which might be ex-
pected after equalization with two 336A equal-
izers to provide distortions of approximately
+0.15 db and =0.07 microsecond. Section
359-077-502 describes the adjustment of the
336A equalizer.

Q. Adjustment of Equalizers

2.59 Manually adjusted networks permit com-

pensation, within reasonable limits, for any
shape of gain curve. In making an equalization
line-up, the dynamic networks are set to a fixed
loss by means of a thermistor control set (see
Section 103-452-100). The adjustment results in

N
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Fig. 20 — Delay and Gain Characteristics of
800-Mile Circuit After Equalization
with Two 336A Equalizers

the equalizers generally not being at the middle
of their ranges, but offset so that they will have
more margin in the expected direction of change
than in the other. For example, aging electron
tubes will always require equalization in one di-
rection; the direction of temperature changes is
generally known so that the temperature network
may be biased in one direction. Adjustment of
the manual shapes will then reduce to a tolerable
level any gain deviations between pilots that have
accumulated during the period between equaliza-
tion line-ups.

2.60 As a preliminary to equalizer adjustment,

the 7266-ke pilot should be adjusted to ref-
erence value at the output of the line amplifier
and should be held there by a test set which fur-
nishes thermistor current. After adjustment of
the line characteristic to a flat condition, the flat
network in equalizer A1 and the gain controls
on flat-gain amplifiers may be adjusted to give
an overall loss of 0.0 db between receiving line
amplifier out and pilot hybrid out at 7266 kec.
Equalization will then be maintained satisfac-
torily until deviations between pilots have again
reached magnitudes which require readjustment.
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3. REGULATION

3.01 It is the purpose of the following para-

graphs to describe the circuits that pro-
duce the dc control currents which govern the
losses of the dynamic regulating networks in the
line amplifier and equalizer circuits. The regulat-
ing networks, discussed in 2.17 through 2.20, each
consist of a thermistor and other fixed network
components. The impedance of the network is
controlled by the resistance of the thermistor,
which is determined by the dc current flowing
through it under control of the regulator unit.
The regulator units employed at auxiliary repeat-
ers are the J68817T thermometer regulator and
the J68817A auxiliary regulator. The latter op-
erates at the 7266-kc pilot frequency. All other
repeaters use some or all of the J68817G, D, C,
B, AB, and H regulators which operate at the
7266-, 3096-, 2064-, 556-, 308-, and 8320-kc pilot
frequencies, respectively. The uses are outlined
in Table A. The thermometer regulator (see 3.08,
3.04, and 3.05), the auxiliary regulator, and the
7266-kc regulator individually contain an ambient
temperature oscillator used to prevent ambient
temperature changes from affecting the resistance
of the regulating thermistor (see 3.06, 3.07, and
3.08). The other regulators, which control dy-
namic equalizer networks 1 through 5, contain
the ambient temperature-compensation circuit
discussed in 2.21.

3.02 One type of die-cast moistureproof con-

tainer, shown in Fig. 21, is used for hous-
ing all J68817-type regulators. This container
consists of a shallow base on which are mounted
all components, including connecting plugs, and
to which a deep cover is attached. This enables
easier accessibility for maintenance purposes.
Regulators mount by means of self-locking slides
on brackets in transmission panels.

A. Thermometer Regulator

3.03 The J68817T thermometer regulator is

used at some auxiliary repeater stations
and contains two circuits. One is the dec control
circuit, which adjusts the power that is fed to
the regulating thermistor in the line amplifier.
The other is an ambient temperature oscillator,
which maintains a constant temperature at the
control thermistor in the absence of dc regulating
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Fig. 21 — Auxiliary Regulator Housing
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current and prevents the undesired effect of
changes in ambient temperature upon the value
of the regulating thermistor.

3.04 Fig. 22 shows the circuit which is used in

thermometer regulators for adjusting gain
manually and for causing gain to change auto-
matically to compensate for changes in loss of
the cable due to changes in its temperature. As
shown in Fig. 22, the regulating thermistor and
a thermistor buried with the cable are connected
in parallel. The 190-volt de plate supply current
flows through a potentiometer to the two thermis-
tors. The value of the current flowing through
the combination can be changed by means of the
GAIN control.

THERMOMETER LINE
REGULATOR AMPLIFIER
3oV o _| REG I~ THERMISTOR
AMBIENT Therm.  1( S ) BURIEDWITH
D OSCILLATOR ’ k CABLE
A B
GAIN
%c
Fig. 22 — Manual Gain and Temperature-

Correction Circuit

3.05 After an initial manual adjustment of gain

to obtain normal pilot, the circuit operates
to correct for cable temperature changes as fol-
lows. When the temperature of the cable changes
from the value existing at the time of adjustment
of pilot, the temperature of the thermistor buried
with the cable also changes. An increase in tem-
perature will cause a decrease in the resistance
of the buried thermistor and more current will
flow through it. This will change the division
of the total current between the regulating and
buried thermistors. The regulating thermistor
will receive less current. As the current decreases,
the resistance of the thermistor increases, which
in turn causes the amplifier gain to increase. Re-
sistors A, B, C, D, and the GAIN control are
chosen to give the correct gain change for given
changes in cable temperature.
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B. Ambient Oscillator

3.06 The ambient oscillator shown in Fig. 23

compensates for the effect of changes in
ambient temperature upon the resistance of the
regulating thermistor bead contained on the
30A thermistor card in the line amplifier. The
ambient oscillator is included in the thermometer
regulator and the J68817TA auxiliary regulator,
one or the other being employed at each auxiliary
repeater station. The oscillator is also included
in the J68817G 7266-kc pilot regulator unit which
is employed at all other repeater stations.

REGULATOR LINE AMPLIFIER

REGULATING
THERMISTOR

N

14KC G E COMPENSATING
THERMISTOR
s

Ec Sa
L ——— 1
B

Fig. 23 — Circuit of Ambient Oscillator

3.07 The circuit consists of an amplifier in the

regulator. The amplifier is tuned to ap-
proximately 4 ke, having its output connected to
the primary G of a transformer which is a com-
ponent of a 30A thermistor card mounted in the
line amplifier. The two halves of the secondary
winding, C and D, form two arms of a bridge
circuit, while resistor B forms a third arm and
resistor A, in series with the bead of a compen-
sating thermistor, forms the fourth arm. A ter-
tiary winding F on the transformer connects
through resistor E to the heater of the regulating
thermistor, also part of the 30A card. The two
thermistors are mounted within one glass enve-
lope, coded the 29A thermistor, and are made as
nearly alike as possible, even to including the
unused heater in the compensating thermistor to
make their thermal characteristics as much alike
as possible.

3.08 The input of the 4-ke amplifier is connected
to one diagonal of the bridge in the correct
phase to result in positive feedback in the circuit.
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This causes the loop to oscillate at approximately
4 ke. When the oscillator is connected to power
supply voltages, the output power from the am-
plifier is delivered to the compensating thermis-
tor, causing it to heat. The resistance of the com-
pensating thermistor will be reduced as it heats
until the bridge balances at a loss which just
equals the gain of the amplifier, at which point
the amplitude of oscillation will stabilize. A por-
tion of the oscillator output power is delivered
from the tertiary winding to the heater of the
regulating thermistor.

3.09 If the temperature of the amplifier in

which the 30A card is located is reduced
for some reason, the resistance of the compensat-
ing thermistor will increase, thus unbalancing the
bridge and causing the output power to change.
The circuit will again stabilize at the value of
output power which will restore the resistance
of the compensating thermistor to its former re-
sistance. Since the ambient temperature in which
the card operates is lower, a decreased amount
of heat will hold the bead of the compensating
resistor at the same resistance. Lowered oscilla-
tor output decreases the amount of power de-
livered to the regulating thermistor.

3.10 The temperature compensation is made so

exact that less than a =3 percent change
in the regulating thermistor bead resistance re-
sults from an ambient temperature change from
—20° to +-160° F.

C. Pilot Regulator

3.11 Pilot regulators are designed to automati-

cally control the losses of the networks
contained in the line amplifier and any dynamic
equalizers employed. The control is governed by
variations in the level of a pilot frequency com-
ponent in the transmission path. The transmis-
sion output at the auxiliary repeater (see Fig. 24)
is sampled by a series resistor mounted in the
transmission panel near the output coaxial con-
nection and is applied to the auxiliary regulator
input. The combination of the series resistance
and the shunt input impedance of the pilot reg-
ulator form an L pad with an attenuation of
approximately 16 db. The transmission output
at all repeaters except the auxiliary repeater is
sampled by a pilot hybrid inserted in the through
circuit. The insertion loss to the through cir-
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cuit is 1.4 db. The loss to the pilot frequency
line is 6 db. As shown in Fig. 25, the pilot fre-
quency line is terminated in 75 ohms at the end
of the line near the 7266-kc regulator input. In
addition, a pad installed in the unit with the
terminating resistor provides 11-db decoupling
between the regulator input and the pilot line.
The remaining regulator inputs are each bridged
directly across the pilot frequency line to select
the applicable signal, 3096, 2064, 556, 308, or
8320 kc.

LINE TRANSMISSION CKT

LINE AMP
REGULATOR

_—
|RECTIFIER 4.,07 nar

Fig. 24 — Pilot-Controlled Regulator at Auxiliary
Repeater — Block Diagram

3.12 The several pilot regulators are similar in

circuit detail, with each basically consist-
ing of a pilot frequency input filter, a pilot fre-
quency amplifier, a rectifier, and a de¢ amplifier.
The regulators provide a de signal to a meter for
indicating pilot level and a dc signal to control
a pilot alarm unit. The indicators and alarms
are discussed in Part 4.

3.13 The 7266-ke pilot frequency at the trans-

mission output is —16 dbm, and when the
16.3-db L pad is added at the auxiliary repeater,
the auxiliary regulator input is —32.3 dbm. At
other repeaters the 7266-ke pilot level in the trans-
mission circuit is —14.6 dbm which, when at-
tenuated 1.4 db, results in the same —16 dbm at
the transmission output of the hybrid to the in-
terconnecting circuits. The —14.6 dbm level is
attenuated 6 db in the hybrid to the pilot fre-
quency line to give —20.6 dbm and, when fur-
ther attenuated 11 db, results in a 7266-kc reg-
ulator input of —381.6 dbm. The 8320-kc pilot
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Fig. 25 — Connection of Regulators at Pilot Hybrid for Through Transmission

frequency at the transmission input to the hybrid
is —24.6 dbm and when attenuated by the hybrid
is —30.6 dbm at the 8320-kc regulator input. All
other pilot frequencies are —34.6 dbm at the hy-
brid input and, when attenuated the 6 db, are
each —40.6 dbm at the regulator inputs.

3.14 The transmission signal applied to each

regulator is passed through a highly se-
lective crystal filter, which rejects all signals ex-
cept the particular pilot signal required so that
only the selected pilot can control the operation
of the regulator.

3.15 The auxiliary pilot frequency amplifier

provides a voltage gain of approximately
90 db at the 7266-ke pilot frequency. The 7266-kc
and 8320-ke pilot amplifiers each produce 85-db
voltage gain, and all other pilot amplifiers each
have 95-db gain. The pilot amplifier uses three
tuned-rf stages with a gain of 110 to 120 db. A
T network feedback circuit is employed with a
loss of about 90 db which results in feedback of
20 to 80 db. The feedback circuit employs reso-
nant and antiresonant circuits that are tuned to
the pilot frequency. At other frequencies the loss
and phase compensate for the performance of the
tuned circuits in the interstages, so that adequate
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phase margins can be maintained around the
feedback loop and the amplifier will be stable.
To further prevent high-frequency oscillation, in-
ductors are placed in the control grid of each am-
plifier tube. Tubes in the amplifier have large
bypassed cathode resistors which place the cath-
ode at 413 volts to ground with a normal plate
current of 10 ma. Grids are returned to a regu-
lated 411 volt bias source, so that the net grid-
cathode voltage is —2 volts. This arrangement
places local dc feedback on each tube which stabi-
lizes plate current and therefore mutual conduc-
tance.

3.16 Fig. 26 shows the general configuration of

pilot amplifiers used. The GAIN ADJ con-
trol is a variable capacitor in the feedback path.
Test leads indicated are brought to a test plug on
the amplifier case, thus permitting measurement
of bias and bias activity of tubes on an in-service
basis as a means of checking their condition.
Measurements are made using a 1AL power test
set described in Section 103-451-100.

3.17 The third interstage network between V3

of the amplifier and the V4 diode is essen-
tially an impedance transformer designed to step
up the plate signal voltage to be rectified while

Ty,
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Fig. 26 — Pilot Amplifier — Simplified Schematic

presenting the correct load impedance to the
plate. When the pilot is at its correct level, the
rectified voltage in the auxiliary regulator will
be +60 volts which, when added to the —62 volt
fixed reference bias, will introduce the difference
of —2 volts to the grid of the next stage. The
dc amplifier of the auxiliary regulator (see
Fig. 27) consists of two stages, V4B and V7. The
second stage is normally biased to cutoff by the
cathode circuit of V4A, and under these condi-
tions the thermistor current is supplied entirely
by V4 until the pilot level increases at the pilot
amplifier output, causing the potential on the
grids of V7 to decrease in magnitude below the
cutoff value. When V7 begins to conduct, a sharp
increase in thermistor current is produced to re-
store the pilot to normal. The thermistor current
range of the auxiliary regulator is 1 to 20 ma.
The meter in Fig. 27 is a microammeter relay
equipped with high and low contacts and a mov-
ing coil which responds to changes in rectified
pilot current. When the regulator reaches the
limit of its range a further change in rectified
current, which varies linearly with pilot, will
cause the meter contacts to close and thus a pilot
alarm to operate. If the pilot changes faster
than the thermistor can react to control the gain
of the pilot amplifier, the alarm relay will also
operate.

3.18 Pilot regulators other than the auxiliary

regulator produce a nominal rectified sig-
nal of 440 volts. The fixed reference bias is
—44 volts and the differential applied to the dc
amplifier is therefore —4 volts. These regulators
provide a 1- to 40-ma current range for the ther-

mistor. When the 7266-kc pilot is at the correct
level, the thermistor current rests at 6 ma. When
any other pilot signal is at its correct level, the
thermistor current provided by its regulator will
be 8.5 ma. As stated in 3.17, the auxiliary regu-
lator has a 2-stage dc amplifier, V4B and V7. The
7266-ke regulator uses V6, V7, and V8. All other
pilot regulators use V6, V7, V8, and V9.

3.19 The function of the dc amplifier in a regu-

lator is to provide an output current for
driving the thermistors in the equalizing net-
works. The magnitude of the variation in output
current for a given incremental change at the
amplifier input is consistent with the loss sensi-
tivities of the individual equalizer networks and
the amount of gain in the de amplifier to achieve
the desired loop feedback. Thus, to hold the pilot
constant within a few tenths of a db over the
regulation range of the device controlled by the

qH}.—.

ALM 2
& :
=g W

—t00v
REGULATED
SUPPLY

Fig. 27 — DC Circuit of Auxiliary Regulator
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regulator, the dc amplifier output or thermistor
current must change over its entire range for a
few tenths of a db change in rectified voltage.
The remaining regulators are used in lesser num-
bers than the auxiliary regulators and operate
with more feedback in the regulating loop. The
input-output characteristic in Fig. 28 for the
“Other” regulators is somewhat steeper than that
for the G regulator. The thermistors used in
dynamic equalizers are less sensitive than those
used in amplifiers, i.e., they require more current
change than the others to cover their complete
variable resistance range. The higher current
range accounts for the difference between the
curve for the “Other” regulators and the “A”
regulator curve.

45 {
40
/OTMER
<35
7
2%
&
gzs
/ A
;g_zo /
2. 6 y,
F
g AP
30 >
5 —
Fe] l//
- =3 - 42 43 +4 +5 +6

- 0 +1
INPUT VOLTS

Fig. 28 — DC Amplifier Characteristics —
Input Voltage and Output Current

3.20 The J68817G regulator operates to control

gain of the line amplifiers used at main
repeaters. Since better control of the 7266-kc
pilot is required at main repeaters than at auxil-
iaries, the de amplifier of the regulator at a main
station has higher gain than that of a regulator
at the auxiliary station. The regulator at a main
station therefore provides greater feedback in the
regulating loop than does the auxiliary regulator.

3.21 Fig. 29 shows the de amplifier circuits of

regulators used at equalizing auxiliary or
main repeaters. Triode V4B in this circuit is a
cathode follower used to obtain suitable imped-
ance for connection of rectified output signal
through a computer circuit to the following por-
tion of the amplifier. The control of the thermis-
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tor current output of each of the regulators is
not solely under control of the pilot input to that
regulator; instead, each other regulator may con-
trol the output current of the first as required
to secure correct operation of the first equalizers.

3.22 In Fig. 29 the plate of V4A triode, con-

nected as a diode, and its cathode operate
at 44 volts negative with respect to ground. This
bias is from a regulated source. The value ap-
plied is adjusted by the GAIN control, mounted
in the pilot indicator equipment to be near the
meter which indicates the value of the pilot. Since
the dc amplifier input is the difference between
rectified pilot voltage and the nominal —44 volt
reference, an adjustment of the GAIN potenti-
ometer would produce a change in the difference
signal for amplification just as though the pilot
level had changed. The d¢ GAIN potentiometer
permits a small adjustment of the bias voltage
centered at approximately —44 volts from
ground. Changing this voltage fed to the regula-
tor is equivalent to adjusting the gain of the reg-
ulator, so that the GAIN control acts as an ad-
justment of the pilot.

3.23 The plate and cathode of the rectifier are

at —44 volts with respect to ground with
no pilot applied. With the normal value of pilot
applied, a dc voltage of about 40 volts is gen-
erated across the cathode resistor of the rectifier
which is in series with and opposite in polarity
to the applied bias, thus setting the cathode of
triode V4A and the grid of triode V4B at —4 volts
with respect to ground. Triode V4B operates
with its cathode connected to a —100 volt supply
circuit through a large cathode resistor; its op-
erating point is such as to make the grid-cathode
voltage —4 volts. The cathode resistor drop is
therefore 100 volts, and the cathode is at ground
potential.

3.24 The COMP 1 lead connects the cathode of

triode V4B to the computer. The computer
is shown (see Fig. 29) as a simple voltage di-
vider without connection of signals from other
regulators merely to indicate that the output sig-
nal of triode V4B is transmitted to the computer,
where it is reduced by a given ratio and then con-
nected to the grid of triode‘V6A. Since the cath-
ode of triode V4B is at zero volts to ground, no
signal voltage is applied to the grid of triode V6A.

T,
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Fig. 29 — DC Circuits of Regulators Used at Equalizing Repeaters

Triode V6A, the cathode of which is returned to
the —100 volt supply, therefore generates a cath-
ode-voltage drop of about —104 volts with re-
spect to ground, so that the tube operates with
approximately —4 volts grid bias. Under normal
conditions of pilot, signal voltage applied to the
grid of triode V6B through the computer is also
zero, so that triode V6B operates similarly to
triode V6A. The cathodes of triodes V6A and
V6B are connected respectively to the grid and
cathode of tube V7.

3.25 Tube V7 amplifies any applied signal and

under normal pilot conditions applies suf-
ficient bias to the grid of triode V8A, which
passes the major portion of the normal thermis-
tor current of 6 ma (see Fig. 29) for the G regu-
lator. Triode V8B passes a portion of this cur-
rent. Tube V9, added in regulators other than
the J68817G, passes enough plate current to raise
the normal current to about 8.5 ma as indicated
by the curve ‘“Other” regulators in Fig. 28.

D. Control of Dynamic Networks through Computer

3.26 The computer translates pilot errors into

shape errors and drives the appropriate
regulating networks by a process equivalent to
the solution of simultaneous equations. All pilot-
regulating networks correct in a coordinated man-
ner to produce no gain change at any pilot fre-
quency except the one originally disturbed, thus
preventing interaction between the broad equali-
zation shapes. The computer, shown in Fig. 30,
consists of a resistance network which divides
the detector output voltage from one pilot regu-
lator and applies the resultant voltages to several

pilot-regulator dec amplifier inputs, but affects
only one pilot. Each de amplifier has two input
terminals. The voltage applied to one input ter-
minal increases the magnitude of equalization.
If assigned to the other input, the voltage de-
creases the magnitude of equalization.

3.27 A 3-pilot computer is placed at equalizing

auxiliary and equalizing main repeater
points. It is used to combine three rectified pilots
(3096, 2064, and 7266 kc) which provide coarse
regulation for rapid temperature, aging, and line
level changes by driving thermistors in equalizers
A1l and A2 and the regulating network of the line
amplifier, respectively. The 6-pilot computer is
placed at switching main and terminal repeater
points and combines, in conjunction with the
above three, three additional rectified pilots (556,
308, and 8320 ke) which provide fine regulation
for rapid temperature, aging, and line level
changes respectively in a similar manner by con-
trolling equalizers B1 and B2. Equalizer B2 con-
tains two dynamic equalizing networks.

3.28 If the dc amplifiers were coupled directly

to the detector outputs of the regulators
associated with these pilot frequencies, each time
the system changed gain, in accordance with one
or more of the shapes, a gain transient would be
set up in the system because the equalizers would
interact with one another before reaching a point
of equilibrium coincident with correct equaliza-
tion. With the use of a computer, no gain tran-
sients are initiated because each of the networks
is driven only once in the proper proportion to
the system change and no interaction occurs be-
tween the shapes.
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Fig. 30 — Three-Pilot Computer Circuit Connected to Regulators

3.29 The 3-pilot computer is shown in Fig. 30,

Detector output of each pilot regulator
(V4B) is applied through the computer network
to the regulator de amplifier inputs (V6A and
V6B). The dc amplifiers drive their respective
equalizer networks. Consideration of a specific
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example may assist in understanding the control
system. Assume that the electron tubes in the
amplifiers in a line section have aged, thus in-
serting in the line an equalization deviation of
the shape of the aging curve shown in Fig. 7. To
correct for this, a change is needed in the loss of



()

the aging network. Such a change would affect
both 3096- and 2064-kc pilots, however. Assum-
ing further that the original change caused a de-
crease in the 3096- and 2064-kc pilots, the po-
tentials across resistors B and H (see Fig. 30)
delivered by the 3096-kc detector V4B would be
negative. Similarly, the potentials across C and
G, delivered by the 2064-ke detector V4B, would
also be negative. Since the aging shape has no
loss at 7266 ke, the potentials across the resistors
C and H, delivered by the 7266-kc detector V4B,
would be zero. The values of resistors A, B, E,

and C are so selected that the potentials across,

resistors B and C will be equal both in sign and
magnitude, so that the thermistor in the tem-
perature equalizer will not be driven. The values
of resistors D, F, G, and H are so selected that
the combined negative potential from the 3096-
and 2064-ke detectors is such that the aging equal-
izer is driven by the proper amount and direction
to compensate for the presumed system change.
The 3096-kc detector output voltage might ini-
tially appear to be coupled through resistors D,
K, and L to the dec amplifier in the 7266-kc regu-
lator. Although a resistance path does exist, the
voltage presented to the 7266-kc dc amplifier is
negligible due to the cascade of voltage dividers
in the path. The first division occurs between re-
sistors D and H, is further divided between re-
sistor K and the 7266-kc detector impedance, and
still further divided between resistors L. and M.
Therefore, it should be noted that the conductance
to ground from the dec amplifier grids also deter-
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mines the ratio of the detector output fed to the
dc amplifier.

3.30 Table D outlines the change in thermistor

current at the network for an increase in
pilot level to the regulators listed. The plus (4)
signs denote an increase in thermistor current,
and a decreasing change is indicated by a minus
(—) sign. It should be noted that an increase
of the 7266-kc pilot level and the incidental in-
crease of current through the thermistor in the
line amplifier regulating network will produce
a reduction in gain. As the 3096- or 2064-kc
pilot levels increase and the thermistor currents
increase at the equalizers for temperature or
aging networks respectively, an increase of loss
will be produced over most of the band. In each
case, the effect upon the transmission signal level
will be the same because the reduction in the
gain of an amplifier is equivalent to increase in
the loss of an equalizer network.

3.31 The 6-pilot computer functions in the same

manner as the 3-pilot system. The princi-
pal difference is that in the employment of three
additional regulators and equalizer networks to
provide a finer degree of dynamic equalization,
the number of computer inputs, outputs, and re-
sistors is increased accordingly. Approximately
n? resistors are used for n regulators. Fig. 31
shows the 6-pilot computer circuit. Table E out-
lines the change in thermistor current for an in-
crease in pilot level.

TABLE D

CONTROL OF DYNAMIC NETWORKS THROUGH 3-PILOT COMPUTER

(See 3.30)
REGULATORS CHANGE IN THERMISTOR CONTROL CIRCUIT
: NET. CONTROL PILOT LINE AMPLIFICATION TEMPERATURE NET. AGING NET.
PILO
ASSIGNMENT CHANGE |  coaRsE FINE COARSE FINE COARSE FINE
3096 ke Coarse Temp + 0 — +
2064 ke Coarse Aging + 0 + —
7266 kc Coarse Line + + + +
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TABLE E
CONTROL OF DYNAMIC NETWORKS THROUGH 6-PILOT COMPUTER
(See 3.30 and 3.31)
REGULATORS CHANGE IN THERMISTOR CONTROL CURRENT
plLOT NET. CONTROL PILOT LINE AMPLIFICATION TEMPERATURE NET. AGING NET.
ASSIGNMENT CHANGE | coarsE FINE COARSE FINE COARSE FINE
3096 ke Coarse Temp + 0 — — — + —
2064 ke Coarse Aging + 0 — + + — +
7266 ke Coarse Line + + + + — + —
566 kc Fine Temp + 0 + — — + +
308 ke Fine Aging + 0 — + -+ — —_—
8320 ke Fine Line -+ 0 —_ 0 0 0 0

4. PILOT ALARM AND PILOT INDICATOR CIRCUITS

4.01 As mentioned in 3.19, the dc output cur-

rent of pilot regulators follows the varia-
tion of pilot level at the point of bridging of reg-
ulators on the line. At auxiliary repeaters
equipped with pilot regulators and equalizing
auxiliary repeaters, alarm relays having high and
low contacts are used to indicate departure of
pilots from normal, with provision for transmit-
ting an alarm indication to an associated main
repeater. This alarm indication from auxiliary
repeaters may be either over one alarm pair for
both directions of transmission or over two alarm
pairs, in which case one is used for each direc-
tion of transmission. At main repeaters, simi-
lar alarm relays are used where they operate
office alarm circuits directly, initiate operation
of a line switch, or give alarms indirectly through
the switching circuit. Operation of the switching
circuit and the resulting alarms is not covered
herein but is discussed in Section 359-010-125.
Indicating meters are connected in series with
the alarm relays at main repeaters, and both are
mounted on panels designated PIL IND (pilot
indicator).
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A. Auxiliary Repeaters

4.02 At auxiliary repeaters with pilot regula-

tors, two types of repeaters and pilot
alarm units are available. One alarm unit is
intended for use with a single alarm pair, while
the other type, having the same external appear-
ance and other features, is arranged for two
alarm pairs, one for each direction of transmis-
sion. The two types are not interchangeable.
Fig. 32 is representative of the front panel of
either pilot alarm unit.

4.03 Fig. 33 shows the circuit of the pilot alarm

unit used with one alarm pair for both di-
rections of transmission. A circuit of the alarm
unit arranged for two alarm pairs is shown in
Fig. 84. Both figures include the rectifier circuit
of the ODD and EVEN pilot regulators with
which a pilot alarm unit is associated. Rectified
7266-kc pilot flows through the moving coils of
the ODD and EVEN microammeter relays, which
deflect to midscale with a rectified current of
about 300 microamperes which is reduced to
30 microamperes in the relay windings by the
PIL ADJ potentiometers. Regulators are ad-
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Fig. 32 — Pilot Alarm Unit — Auxiliary Repeater

justed at maintenance centers so that 300 micro-
amperes is the rectified current obtained with
normal pilot level at the input to the regulator.
When the end of the regulation range of the line
amplifier is exceeded by +8 db, the pilot is no
longer regulated and the alarm relay contacts will
close. Also, when the pilot departs from normal
by more than =3 db at such a rate that the reg-
ulator cannot correct for it and the period is suf-
ficient to allow operation of the alarm relays, the
contacts close. This closure of contacts bridges a
relay across an alarm pair, thereby operating
alarm circuits at a main repeater.

PIL ADJ PIL ADY
0DD .. EVEN
1008
PLTA “e— ALM RELAYS S}
SUPPLY

8 /‘—L—A
V €R TO ALM. PAIR
3c A B

+90V = TC -
RESET  RESET/
WDGS

Fig. 33 — Circuit of Auxiliary Pilot Alarm Unit
for Use with a Single Alarm Pair

4.04 With one alarm pair at an auxiliary re-

peater, the functioning of the pilot alarm
unit is as follows. Referring to Fig. 38, if only
the EVEN alarm relay operates, the A relay is
bridged across the pair in series with a 100-ohm
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resigtor. If only the ODD relay is operated, or
both are operated, the A relay is bridged directly.
Therefore, a bridge location measurement can be
made using a current in the alarm pair that is
less than the operate current of the A relay. A
second measurement can then be made at a cur-
rent which will operate the A relay. With the
A relay operated, the alarm relay contacts are
short-circuited, thus removing the 100-ohm re-
sistor if in the circuit originally. The first meas-
urement will locate the repeater causing the
alarm, while the second measurement will indi-
cate whether or not the 100-ohm resistor was in
the circuit. This will indicate the direction of
transmission which caused the alarm. The am-
biguity which results when both the ODD and
EVEN alarm relays are operated usually must
be resolved by some other means. Auxiliary re-
peaters, using pilot alarm units arranged for
two alarm pairs, function as follows. As shown
in Fig. 34, if the ODD alarm relay contacts close,
the A relay is bridged across the alarm pair for
the ODD direction of transmission. Similarly,
operation of the EVEN alarm relay will bridge
the B relay across the pair associated with the
EVEN direction of transmission. In either case,
this will cause an alarm indication at a main re-
peater. With two alarm pairs, the 100-ohm resis-
tor which was used to indicate the direction of
transmission causing an alarm is no longer re-
quired. If a low-current bridge measurement is
made on the appropriate alarm pair, the location
of the defective repeater can then be readily de-
termined. The circuit used for locating auxiliary
alarms is known as the pilot alarm location cir-
cuit.

4.05 When alarm pair protectors at auxiliary

repeaters are leaky, the bridge balance
may be affected by leakage to ground so that
balance occurs at a different resistance when high
and low currents are used, even though the re-
sistance of the pair is constant. A deflection from
balance-at low current may also occur from an
increase in bridge sensitivity as current is in-
creased. This may obscure the fact that the
100-ohm difference between measurements existed
for pilot alarm units on a single pilot alarm pair.

4.06 When several repeaters are alarmed, thus

bridging several A (or B) relays across
a pilot alarm pair, it is essential that the operate
current quoted in maintenance sections not be

A

s



S

A

1SS 3, SECTION 359-010-115

V4A V4A
OF ODD REG OF EVEN REG
PIL —# PIL —)
| * | PIL PIL -—AE
ADJ ADS | '
]
N oDD EVEN
r:, <4——— ALARM RELAYS ———» Ii':,
! ———— [
A Al
2 SN . |
TO 1st TO 2nd
1 CR1 ALM ALM CR2
PAIR PAIR
A B Bl B
] ; —O—I
) - -—
o ¢ PILOT
J_ AMA AAA j. ALARM UNIT
+ 190V cx ! [
'[ RESET
\AANS AAAS
PLT1 SUPPLY ON RESET WDGS

AUX POWER PANEL

Fig. 34 — Circvit of Auxiliary Pilot Alarm Unit for Use with Two Alarm Pairs

exceeded in order to avoid operation of more than
one A (or B) relay at a time. The second op-
erated relay from a main repeater is bridged
across the first one in series with a section of
cable pair. The resistance of this combination
must be high enough to reduce the current
through the second operated relay to less than
the operate current when the first relay is re-
ceiving operate current. When one or more ther-
mometer regulators not equipped with alarm fea-
tures are used between adjacent pilot regulators,
the resistance of the added sections of an alarm

pair, in series with the second bridged relay, re-
duces the probability of inadvertently resetting
more than one alarm unit at a time.

4,07 When an A (or B) relay operates, it also

closes the circuit through the resetting
solenoids of the alarm relays. For simplicity,
these solenoids are shown separated from the
relays in Fig. 38 and 34. Since resetting opens
the operated contacts of the alarm relays, the
upper contact of an A (or B) relay closes the
circuit to maintain a closed path for measure-
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ment. The source of energy for resetting is a
large electrolytic capacitor that is charged slowly
through resistor B, which is used to limit the
current taken from the PLT 1 supply. Resistor C
limits the surge current through the alarm relay
contacts so as to provide sufficient time for re-
setting and to prevent too violent action of the
mechanism.

4.08 At a main repeater, alarm battery is ap-

plied to a pilot alarm pair, with the posi-
tive side connected to lead A or Al. When an
alarm relay contact closes, the capacity of the
pilot alarm pair, which is charged to 130 volts,
discharges through the diode connected across
the winding of an A (or B) relay instead of
through the relay winding. This prevents im-
mediate operation of an A (or B) relay and clear-
ing of the operated alarm relay, thereby provid-
ing a continued alarm on very short failures of
pilot. Bridge battery for measurement is applied
to the pair in opposite polarity to that of the
alarm battery. The impedance of the diode is
high in order to bridge battery voltage so that
it does not interfere with measurement or opera-
tion of an A (or B) relay when desired.

4.09 The manual RESET key is used during

maintenance routines when resetting of
the alarm relays is required. It may also serve
as a check that the electrolytic capacitor has suf-
ficient capacity to operate the resetting solenoids.
For pilot alarm units on a single alarm pair, the
RESET key may also be used to discharge the
capacitor after removal of the unit from service,
thus avoiding shock which might result from a
charged capacitor.

B. Equalizing Auxiliary Repeaters

4.10 The pilot alarm relays and associated items

used at equalizing auxiliary repeaters are
mounted in two panels. The front view of one
panel is shown in Fig. 35. The second is similar,
except for the omission of the RESET key. The
RESET key on one panel resets all operated re-
lays associated with the ODD and EVEN direc-
tions of transmission in one repeater.

4.11 Fig. 36 shows the alarm circuit associated

with one pilot regulator at the switching
or terminal main repeaters. This circuit is the
same as that used at equalizing auxiliary repeat-
ers except that no indicating meter is used at
the latter. Five other similar circuits are used,
operating in conjunction with the 3096-, 2064-,
and 7266-kc regulators for each direction of trans-
mission. Using two panels, the relays for each
direction of transmission can be mounted in the
bay for each direction.

4.12 The equalizing auxiliary alarm circuit dif-
fers from that used at the auxiliary re-
peater (see Fig. 33 and 34) only in that an addi-
tional control designated GAIN is used (see
Fig. 36). This control is a potentiometer which
permits variation of the nominal 44-volt refer-
ence potential applied to the rectifier in the as-
sociated regulator. As noted in 3.22, adjustment
of this voltage is equivalent to making a change
in the pilot-frequency gain of the regulator, since
the dc amplifier of the regulator recognizes only
the difference between the rectified pilot voltage
and the dc biasing voltage. The GAIN control
may therefore be mounted adjacent to the meter
which is observed while making adjustments.

RESET GAIN
© <
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3096 2064 7266 \\
ALM ALM ALM
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2 l ‘ % . '

Fig. 35 — Pilot Alarm Unit — Equalizing Auxiliary Repeater
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Fig. 36 — Alarm Circuit Used at a Switching
or Terminal Main Repeater

4.13 The ZERO control adjusts the current flow-
ing through the ALM relay and the
IND meter. This is used to make both readings
indicate 0 after the GAIN control has been ad-
justed to obtain the correct value of pilot as in-
dicated by a standard reference of calibration.

4.14 The contacts of the six ALM relays used

are connected in parallel. One A relay is
used for clearing all six alarm relays. The cir-
cuit involving the alarm relay contacts is shown
in Fig. 83 for the auxiliary pilot alarm unit.

1SS 3, SECTION 359-010-115

C. Main Repeaters

4.15 The individual alarm circuit associated

with each regulator at main repeaters (see
Fig. 36) includes an indicating meter in series
with each alarm relay. The same mounting panel,
designated PIL IND, is used at each type of main
repeater. When used at a switching or terminal
main repeater where six regulators are used
for each receiving circuit, the panel is equipped
as shown in Fig. 37. The indicating meter for
each frequency is mounted above its associated
alarm relay, with the ZERO and GAIN controls
mounted above the meter. Meters and relays are
mounted in order of rising pilot frequency across
the panel. The wiring side of the panel may be
exposed by removing the two screws which ap-
pear between each end pair of meters and then
pulling the top of the panel, which is hinged at
the bottom, away from the relay rack.

4.16 At switching or terminal main repeaters,

the contacts of all alarm relays in one
panel are wired in parallel and are connected to
the line switching circuit. The line switching cir-
cuit gives all alarms to indicate irregularities in
pilot power. The ALM lamp on the panel lights
on operation of any alarm relay contact. The
RST (reset) key energizes the resetting circuits
of the ALM relays from 24-volt office battery.
The line switching circuit in normal operation
resets the operated alarm relays periodically

Fig. 37 — Pilot Indicator Unit — Switching or Terminal Main Repeaters
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Fig. 38 — Pilot Indicator Unit — Equalizing Main Repeaters

after certain operations of the switch, as de-
scribed in Section 359-010-125 covering line
switching.

4.17 The PIL ALM panel, equipped for use at

equalizing main repeaters where only three
regulators (3096, 2064, and 7266 kc) are used,
is shown in Fig. 38. The meters and relays for
the regulators not used are simply omitted, and
the holes are covered with flat plates. Contacts
of the alarm relays used are connected in parallel
so as to energize a U-type relay whose contacts
close office alarm circuits. The relay is mounted
in a bracket, which is in turn mounted on the
cover plate over the opening provided for the
8320-kc ALM relay.

418 When the equalizing main repeater is
equipped for control by means of the
B1 alarm and control system, a second relay for
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operation by the control system is mounted in the
cover over the opening for the 556-ke alarm relay.
This relay operates to reset operated pilot alarm
relays.

4.19 The ACO (alarm cutoff) key is provided

at the equalizing main repeater to cut off
the local alarms. The ACO lamp is a guard lamp
which indicates when the ACO key is operated.
The key and lamp are mounted on the cover plate
over the opening provided for the 308-kc alarm
relay.

5. DRAWINGS (NOT ATTACHED)

5.01 Section 359-010-116 lists applicable draw-
ings.



