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1.01 Issue 2 of this section describes the

electron tube repeaters for the N1 car-
rier telephone system. They are used on a
four-wire basis to transmit along the cable
pairs the speech and signals of a twelve-chan-
nel system. Each of these channels is com=-
posed of a carrier with associated upper and
lower sidebands. They are spaced at 8 k¢ in-
tervals and are arranged intoc a 1low group
frequency band and a high group band. The low
group extends from 44 kc to 140 ke with chan-
nel 1 carrier at 136 k¢ and channel 12 carrier
at 48 kc. The high group extends from 164 kc
to 260 ke with channel 1 carrier at 168 kc and
channel 12 carrier at 256 kc.

1.02 Two types of repeaters are used. They are

designated High-Low, H-L and Low-High,
L-H. The H-L repeater receives signals at high
group frequencies from the 1ine, translates them
to low group frequencies, then suitably ampli=-
fies and regulates them for transmission at the
desired output level. The L-H repeater functions
similarly except it receives low group frequen-
cies and transmits high group frequencies. Each
repeater handles transmission in both direc-
tions. The action whereby the repeater transmits
a different frequency band than it receives is
termed "frequency frogging®". It also is the
basis for the nomenclature for the repeaters of
Low-High, L-H and High-Low, H-L. The two types
of repeaters are used alternately along the high
frequency line, and they are so nearly alike, in
respects other than frequency band, that except
where specifically noted, the same discussion
applies to both types.

1,03 The repeaters provide & nominal gein in

each direction of LB db for channel 1,
with a slope ecross the band adjustable to
about zero, two or four éb., There are no other
optional standerd field adjustments in the re=
peaters as normally used. Line equalization
and the differences 1in repeater spacings are
compensated by the slope adjustmunt setting
and by fixed flat pads, The nominel gain
figure of LB db for channel 1 is used for sys~
tem anelysis indetermining signal levels, span
pads and equalization, It is the average chane
nel 1 gain of a L-H and a H-L repeater.
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Fige. 1 - Type N1 Repeater Block Schematic

2. CIRCUIT

(A) Over-all Repeater

2.01 A block schematic of the repeater is
shown in Fig. 1. This figure 'shows the
commections between the components of the re-
peater and the allocation of the repeater
equipment among the three subassemblies. The
basic performence of the H-L and L-H repeaters
is the same except for the filters. These
component differences are listed with the de-
tailed discussion of the equipment concermned.

2.02 The signals are handled on a four-wire

basis throughout and the circuits of the
B-W end W-E subassemblies sare idemtical. In
passing through a repeater +the signals are
always modulated with the 304 ke group car=-
rier and moved from the received band to the
other frequency band, then amplified and ap-
plied to the line., To accomplish this, the
input signals from the line are attenueted by
the input spen pad, 1if necessary, passed
through an input filter to remove unwanted
frequencies, then modulated with the 304 ke to
change bands, The modulator output is passed
through a second filter %o suppress carrier
leak and the unwanted sideband., The output ef
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this filter is applied to the input of +the
regulating feedback amplifier, This amplifier
automatically adjusts the gain by a thermistor
regulator to maintein anoutput power that over
the operating range is almost constant, and
independent of the input power.

2,03 Only a small part of the equalization is

accomplished by the repeater. lMost of
the equelization depends upon having approxi-
metely equal ceble lengths bhetween repeaters
and the use of "freguency frogging" at each re-
peater. The residual slope equalization is
adjusted by the Slope Adj.control inthe ampli-
fier.

(B) Spen Pad

2.0l, The span pad is a 135-ohm resistance pad

thet is available in 2 db steps for
mounting onthe repeater mounting bracket at the
time of installation, This pad is used to
build out any particular cable span tothe nor-
mal span loss of L6 db for low group trens-
mission or 50 db for high group transmission.
These losses are measured at the channel 1
carrier frequencies which are 136 kc and 168
ko respectively, These span losses coupled



with the "nominal" repeater gains of 1,8 db for
channel 1 provide the standard channel 1 re-
peater output carrier levels of =3 dbm for the
L-H repeater and -5 dbm for the H-L repeater,
It is an H type pad with & condenser in the
shunt branch to provide d-c isoclation between
the tip and ring wires of the circuit for test-
ing purposes,

(C) Repeater Input Coil

2.05 The repeater input coil Tl serves to

-mateh the impedance of the incoming 135
ohm line and that of the filters (3,000 ohms).
It provides the simplex cormection to the lirne
for the purpose of obtaining or supplying power,
It also aids inmaintaining an adequate balance
to the line to suppress longitudinal noise, A
different coded coil is used in each type of
repeater to handle the different frequenecy
bands involved,

(D) Modulator Filters

2,06 Modulator filters are used at the imput

and output of the modulator to select the
desired frequency groups. These filters are
designated A, B, C and D and are assemblies of
filter units in standardized cans called FL1,
2, % and L.

2.07 The input filter to the modulator passes

signals of the proper incoming group onto
the modulator and rejects the unwanted group
signals that are present at the repeater input
due to crosstalk between the ceble pairs., For
instance, if the filter was not provided, di=-
rect near end crosstalk would occur between
the west output and the west input. For the
H-L repeater this filter is designated A, It
is a high-pass filter with a configuration and
characteristic, (measured between 3,000 ohm
resistances) as shown in Fig, 2, For the L-H
repeater this filter is desigmated C. It is a
low-pass filter with configuration and char-
acteristic as shown in Fig, 3%,

2.08 The output filter from the modulator se=

lects for transmission the lower sideband
created by the modulator and rejects the upper
sideband, all other modulation products and the
signals of the group applied at the input of
the modulator. The output filter includes a
peak section to provide attenuation to the 30L
ko carrier that is present due to imperfect
modulator balance, For the H-L repeater this
filter is designated B, It is a low-pass filter
with a configuration and ocharacteristic as
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shown in Fig. 4. For the L-H repeater this
filter is .designated D. It is a Dbend-pass
filter with & configuration and characteristic
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as shown in Fig., 5 and is used to reject the
upper sideband from the modulator and the low
group imput frequencies,

gE ) Modulator

2.09 The modulator 1is the unit within each

repeater +that produces the "frequency
frogging"., It receives a frequency group,
either low or high, and modulates it with the
group carrier, 304 ke, 0f +the modulation
products produced, the lower sideband is se=
lected by the filters B or D. Thus for & low
group input to the modulator this selected
sideband is the high group and vice versa., A
schematic of +the W<E and E-W modulators, to=
gether with the common earrier frequemncy supply
oscillator, is shown on Fig. 6. The modulator
used is of the double balanced type (input
signal and carrier both balenced from the out=-
put) consisting of a copper-oxide varistor CR1
connected between two repeating coils T2 and
T5.

2.10 The modulator actionmey be considered es

& double-pole double throwswltch insert-
ed in the signel path between the input and
output coils, and activated by the plus and
minus voltages of the carrier. When the oar-
rier voltage is positive onthe leftand negative
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on the right side (Fig. 6) carrier current where n, represents even integers and n, repre-

flows through the transformer windings of T2
and T5 in parallel opposing and through the twa
outer rectifying elements, Their impedance is
then made low, A signal present at the input
will then flow directly through the modulator
to the output transformer. During the next
half cycle of carrier, thecarrier potential is
reversed and the ourrent flows through the
inner rectifying units making their impedance
low. This is equivalent to reversing the path
for signal voltages from the input to the out-
put transformer.

2.11 This switch action of the balanced modu-
lator has the inherent function that many
of the modulation products formed donot appear

sents odd. Of these moduation products only
the odd order set, n, ¢ = n, v appears at the out-
put terminals of the modufator, all the other
sets of moduletion products are theoretically
belanced out. As & perfect balance is not
achieved practically some easergy from the other
sets of modulation products does appear at the
modulator output terminals but considerably at-
tenueted., In this modulator the incoming sig-
nal frequencies v, which are of the ngc + n v
set, are suppressed about 20 db and the 30l ke
carrier signal ¢ which is of the n,c + n,v set
is suppressed ebout L0 db,

2.12 The repeating coil specified for T2 or

at the output terminals of the circuit, If T5 depends upon the type of repeater. A
the symbol v represents the incaming group of separate coil is used for each sideband group.
signals and ¢ represents the 304 ke carrier, Referring to Fig. 6 the L-H repeater has a low

the modulation products formed within the modu-
lator may be considered in four sets. These
sots are:

group sideband coil, T2, at the input to the
modulator and ahigh group sideband coil, T5, at
the output of the modulator, For the ™H-L
repeater the same two coils are used but in re-

ne tnyv verse circuit positions, These coils have an
no+nv impedance ratio of 3,000 ohms to 130 ohms and
o —"e sgrve to match the impedance of the filters to
ny° +noyv that of the modulator and tochange from an un-
Boc+ny balenced filter circuit +to a balanced modula-
e ~ "o tor cirouit, To maintain the proper balance
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in this circuit it is important that the only
a-c ground commection tothis modulator circuit
be at TH as indicated.

(F) 30, KC Carrier Oscillator

2.13 The carrier frequency used at each re-
peater is supplied by & 30l ke crystal
oscillator, A schematic of this circuit is
shown on Fig, 6. This oscillator employs &
L0BA electron tube and aquartz crystal to form
the oscillating circuit. The plate of the tube
is not included within the oscillating circuit
but provides the coupling toobtain the carrier
power for the modulators. This power passes
through the output transformer T/jOwhich matches
the impedance of the oscillator and modulator
circuits. By this means better stability of
frequency and output power are cbtained than if
the plate of the tube and output transformer
wore directly in the oscillating cireuit., The
output transformer is tuned toprovide discrim-
ination against all but 304 ke, It also steps
down the impedance +to match that of the two
CR1l varistors acting in parallel, Between the
output transformer and the CR1 varistors there
is a rejection filter 10, cl9, C50 to further
suppress all frequencies in this circuilt above
304 ke and with a peak suppression at 608 kc.

2,1, The frequency of the oscillation is con-

trolled by the crystel and 1is 304,000
cycles + about 10 cycles within operating tem=-
perature renges expected.

2.15 The screen voltage for the oscillator

tube comes from the repeater regulated
voltage supply (see Part 7E), in order to pro=-
vide as staeble a source as possible. This
stabilization is not necessary for the plate
excitation which comes from the non-regulated
voltage used for the amplifier +tubes, The
cathode of +this oscillator is maintained 20
volts sbove -B voltage by a resistance to keep
the cathode and heater potentials within about
10 volts of each other.,

(G) Amplifiers

2.16 The amplifiers for the H-L and L-H re-

peaters are alike in circuit functions
and are represented inthe simplified schematic
in Fig., 1. A low group amplifier is used in
the H-L repeater and a high group amplifier is
used in the L-H repeater. The differences due
to frequency ranges covered, apparatus codes
and circuit comnections are indicated on the
repeater schematic Drawings SD-05122 end
8D-95123, The amplifiers use two LLOBA pentode
tubes stabilized by feedback and transformer
coupled at both inmput and output., They have a
thermistor flat gain adjustment and a slope
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control adjustment incorporated into the feed-
back circuit. The feedback circuit is connect-
od into the amplifier as series feoedback at
the input and bridge +type high-side hybrid
feedback at the output.

2.17 The input +to the amplifier is coupled

to the modulator output filter by the
amplifier input transformer T3. It has &
3,000 ohm low side impedance to match the im=-
pedance of the modulator output filter and a
20,000 ohm high side impedance thereby giving
as much gain as is practical for +the band
width end frequencies used inthis system. The
impedance values of the transformer in the cir-
cuit are stabilized by the 20,000 ohm resistance
termination, Ré on the high side. This trans-
former also serves +to provide d-c separation
of the grounded filter circuit from the ampli-
fier circuit which may operate as much as 70
volts from d-c ground.

2.18 The interstage network is a simple impea=

ance coupled circuit consisting of an
inductance in the plate circuit, a 330,000 ohm
grid leak and a coupling condenser between
them., The inductances are anti-resonant with
the tube and circuit capacitances in their re=-
spective 1low group and high group frequency
ranges.

2.19 The coupling from the amplifier output to

the line is cobtained by the amplifier
output transformer Tl. This transformer being
8 hybrid coil also provides coupling to the
feedback circuit, The output <+transformer for
the H-L repeater has an impedance transforma-
tion from 6100 ohms at the plate of the tube
to 135 ohms &t the output and ;200 ohms et the
feedback circuit., The L-H repeater output
transformer haes a transformation from 18,000
ohms at the plate to 2000 ohms at the feedback
circuit and 130 ohms at the output. These im-
pedance values are chosen to provide +the de-
sired level of the regulated output signal,
The nominal values of 135 ohms for the low
group output impedance and 130 ohms for the
high group output match more closely the cable
impedance over the frequency range than would
e single value for both groups. The output
transformer is not terminated inits correct re-
sistance, but depends upon the feedback to pro-
duce the desired output impedance of 135 ohms
to match that of the cable pair,

3. FLAT GAIN ADJUSTMENTS

3,01 A flat gain control of + 1 db is obtained

in each amplifier by the strapping op-
tions designated A, B and C which change the
feedback, This control is used in manufacture
to provide the nominal gain of L8 db for the
channel 11 frequency.



3.02 An increased flet gain of 6 db is availe-

able in the amplifier as a soldering ad-
Justment by changing from d to e wiring. This
increased gain is obtained at the expense of a
reduction in feedback and is accompanied with
an increase in repeater modulation and noise
equal to that of ebout fouwr mnormal repeaters.
This special gain adjustment is not recommended
oxcept for special cases and should not be used
unless the inferior performance can be tolerated.

3,03 When the repeater is uséd for switching
purposes or - during maintemnance tests a
fixed gain without regulation isdesired, This
condition is obtained by using the resistance
R2l, shown in Fig. 1 in place of the thermistor
regulator. This resistance provides a repeater
gain for channel 1 of sbout 65l db instead of
the 48 db provided by the thermistor at its
mean operating value, The resistance is con=~
nected for manufacturing testing and will nor-
mally be replaced by the thermistor at the time
of "field installation. It will also be used
when the repeater is used in the switching
equipment and when locating circuit trouble.

)i, REGULATION

L.01 The repeater regulation is flat with

frequency and the control operates about
the "nominal® repeater gain of 48 db for channel
1. This regulation is provided by a thermistor
which varies the amount of feedback in the am-
plifier; hence its gain, and is connected into
the amplifier circuit as indicated in FPig. 1,
The thermistor 1is activated in proportion to
the total power at the output of the repeater,
This power 1s nominally +3 dbm for the H-L re=-
peater and for the L-H +12 dbm. The thermistor
holds the output power to within + 1,5 db of
the nominal value for a change in input level
of + 10 db for the L-H repeater and of + 6 db
for the H-L repesater. These regulating char-
actoristics are shown in Fig. 7. The solid
characteristics show the regulation performance
of a single L-H and H-L repeater in terms of
change of output from a mean condition vs,
chenge in input. The regulating characteristic
of the L-H repeater is better than that of the
H-L repeater. This condition correlated with
the higher level of carrier power at the out-
put of +the L-H repeater results when using
high-side hybrid feedback at the amplifier out-
put.

L.02 The repeater inputvariations correspond-

ing to changes in loss of 8 miles of 19
gauge cable between temperatures of about -15 °F
end +110°F are indicated by the arrows marked
e, The arrows marked b 1ndlcate the changes
for temperatures of -30 °F and +13O F. In a
system these two <types of repeaters are used
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alternately, snd for any individual system the
over-all regulation is matérially influenced
by the span length of the repester sections,
the percentage of underground ceble and the
particular distribution of these factors be-
tween the L-H and H-L repeaters., For a typiecal
system layout with meximum spans of aerial
cable and a uniform temperature change throughout
the system, regulation at the output of the H-L
and the L-H repeaters are shown in Fig. 7by the
dotted characteristics. The over=-all system
characteristics are poorer then those for ar
individual repeater. Except for the first re-
peater the input level change of the repeater
is due to the change in cable attenuation plus
the residual of changes from previous cable
spans not completely removed by the regulation,
The value of this residual accumulates in suc-
cessive repeaters until an ultimate wvalue is
reached in the Nth repeater, This residual is
not the same for the L-H and H-L. The over-all
result at the Nth repeater is indicated by the
circled numbers in Fig. 7.
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L.03 The thermistor regulstor has a sufficient=

ly long reaction time that channel voice
current peeks, ete. do not alter the system
regulation. The effect of this reaction time
is plotted in Fig, 8 in terms of the time re-
quired for the regulator toattain a given per=-
centage of its ultimate change after a trans-
mission alteration. This reaction +time is
different in the two directions of regulator
change, the regulator decreasing output three
to five <times as fast as it increases it,
This reaction time materielly influences field
use in that after any transmission change &
waiting period is required %before the circuit
will stabllize within any desired measuring
accuracy., This waiting period is plotted in
Fig., 9 in terms of staebilization within one
quarter and alsc one tenth db measuring’ ac=-
curacy. The "Output Increased" curves apply
for changes in output which +the regulator re-
stores tonormal bydecreasing the repeater gain
while the "Output Decreased" curves apply for
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changes in cutput which the regulator restores
to normal by increesing the repeater gain.
Thus for one tenth db measuring accuracy &
slope step change on & L-H repeater from B to
A, about 1,5 db increase in output, would re-
quire & wait of about fowr minutes and a charze
from step B to C, about 1.5 db decrease in out-
put, would require a wait of about fourteen
minutes. A cold repeater when inserted is at
high gain and will have & high output, so to
obtain one quarter db accuracy of stabilize-
tion regquires only about six minutes wait,
Accuracy within one tenth db requires a wait
of fifteen to twenty minutes,

L.Oly The total output powers of +3 dbm end

+12 dbm for the H-L and L-H repeaters,
respectively, are the summation of the channel
carriers with their associated sidebands. The
channel cerriers slope from -5 dbm for channel
1 to -12 dbm for channel 12 in the H-L re=-
peater and from -3 dbm for channel 1 to +, dbm
for channel 12 in the L-H repeater. The chan-
nel sideband powers ere composed of the 3700
cycle signalling tone or the speech energy.
The signalling tones are each 15 db below the
channel carrier and when present in "on hook"
condition add about .25 db power to it, The
energy of the speech is about 8 to 15 db below
the carrier power, and sc does not add appreci=
ably on & long time average +to the carrier
powers,

L.05 The thermistor unit consists of a ther=

mistor pellet eand an associated ambient
temperature control for this pellet., A sche-
matic of this unit is shown as Fig. 10, The
thermistor pellet is e negative temperature co-
efficient resistance unit that varies over its
normal operating range from about a thousand
ohms to about twenty thousand ohms. Under ab-
normel transmission conditions, 4t may vary
from & few hundred ohms to upwards of forty
thousand ohms. For a repeater having the
"nominal™ gain of ;8 db for chamnel 1 the ther-
mistor will always be about nine thousand ohms.
This value isreferred toas the "design" value.

- _1

Fig., 10 - Thermistor Schematic



4.06 To obtain the Mdesign" value of pellet

resistance additional power is required
above thatwhich is provided by the transmitted
group levels of +3 dbm or +12 dbm., This power
vearies with each thermistor pellet and is in-
dividually adjusted (in menufacture), The
variations in this power are measured in terms
of the temperature produced at the bead when
no transmitted carrier and sideband power is
present, As this temperature is materially
affected by the ambient temperature at which
the pellet operates, the heater network is
temperature compensated to maintain the pellet
at its particular desired value. This tempera-
ture is called the "thermostated temperature“
and in general 1is between 135 °F. end 185 °F.
This temperature compensation is obtained by a
disc thermistor in the heater network which
varies the power dissipated inthe pellet heater
with the ambient +temperature. The power for
the heater network 1is obtained from the regu-
lated supply for the electronic tube heaters.,
This embient temperature control permits the
regulating thermistor to be used at operating
temperatures between -20°F and +130 F without
appreciable change in its operating performance,
Beyond these temperature extremes the regulating
level will vary with increasing temperature
producing decreasing repeater output level,
The thermistor pellet is isolated by blocking
condensers to exclude from it unwanted power
from d-c leakage between the pellet and the
ambient temperature control network.

5. SLOPE ADJUSTMENT

5,01 The amplifier slope adjustment provides

the mamual control of the amplifier fre-
quency characteristic to obtain the desired
slope across the band for equalizing the resid-
uel slope. The adjustment is in three steps
designated A, B and C, These steps permit a
characteristic slope, falling within the range
of a given repeater, to be equalized to within
+ 1 db, The B setting is considered the normal
condition of slope adjustment to equalize for
approximately 7.5 mile spans of 19 gauge cable.
For spans of ceble differemt from this value
the steps are used as mnecessary to maintain
adequate equalization of the system., The re=
peater gainfrequency characteristics for these
three slope settings aregiven for 1.-H repeater
by Fig. 1land the H-L repeater by Fig. 12, The
gain values of chamnels 1 and 12 are not repre~
sentative to determine the effective slope of
these characteristics as the values of these
chammels in the L-H repeater havebeen designed
to compensate for depdrtures in these seme
channels in the H-L repeater. The slope charac=
teristics provide for both repeaters the "nominal
LB8.db gain for channel 1 for =all three slope
steps. For the L-H repeater it provides slopes
of about 0 db, -1,5 db and -3.0 db of gain for
channel 12 with respect to chammel 1 for steps
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Fig., 11 =~ Typical Low-High Repeeater
Gain Chearacteristics
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Gain Characteristic

Page 9



SECTION 362-400-100

A, B and C respectively. For the H-L repeater
it provides slopes of about O db, -2 db and -4
db of gain for channel 12 with respect to
channel 1 for steps A, B and C respectively.,
These performance curves are for an operating
temperature of about 70°F. The repeaters have
e small chenge in frequency characteristic as
operating temperatures depart from that value.
This temperature effect is still under study.

: [T T1

| REPEATER OUT

Tr—
-65 MODULATOR OUT
AMPLIFIER IN

1 2 3 45 6 7 8 9 1011 12
Channel
160 168 176 184 192 200 208 216 224 232 240 248 256 264
Input Frequency-KC

144 136 128 120 112 104 92 88 8 72 64 56 48 40
Output Frequency - KC

Fig., 12A - Typical High-Low Repeater
Operating level Diagram

5.02 The slope changes are produced by varying
the emplifier feedback with a slope net-
work, These networks produce similar repeater
performance but differ electrically for the two
amplifiers as shown by Figs. 13 and 1.

5.03 The repeater gain characteristics are

designed on the basis that <the sum of
the gains of aL-H and aH-L repeater will match
the loss of +two cable spans rather than that
each repeater will compensate for just the in-
dividual span preceding it, and also that the
characteristic of each repeater will compensate
for deviations in the other. This procedure
permits a saving in circuit elements but re-
sults in different repeater gain frequency
characteristics for the H-L end L-H repeaters.
The channel 1 gain of a L~H and a H-L repeater
average to the nominal repeater gain of L8 db,
dut for the H-L repeater the gain is about 1
db low and for the L-H repeater aboutl db high.
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5.0, The transmission levels in typical L-H

and H-L repeaters are shown in Fig. 114
and 12A respectively. These levels are plotted
in dbm with the repeater slope switch on posiw=
tion A. There is shown the signal level vs,
frequency at the input to the repeater, at the
junction of the modulator output and amplifier
input and at the repeater output. The input
and output powers are measured at 135 ohm im-
pedance and the amplifier input power at 3000
ohm impedance. The repeater input character-
istic is assumed to be & smooth slope and the
shaping of the two sections of the repeater is
shown, The modulator section has about 8 db
loss and the repeater has & nominal L8 db

gain,
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Fig., 15 = Characteristic of Deviation
Equalizer for 19 Gauge Cable

6. DEVIATION EQUALIZER

6,01 The summation of the losses of the two
ad jacent ceble spans includes small slope
end bulge components, Compensation for these
components for 19 gauge ,062 mf ceble is de=
signed into the repeater characteristics but
the balencing action forthe bulge component is
not complete. The remainder of the bulge char-
acteristic is present as asystematic variation
and is equalized by adeviation equalizer, The
present design of the deviation equalizer com=
pensates for sbout six repeaters when using 19
gauge quadded cable with 7.5 mile repeater
spacings and has & characteristic similar to
that shown in Fig., 15. For other gauge cables
or other repeater spans, +the spacing of the
deviation equalizers may vary, It is expected
that systems using other than 19 gauge quadded
cable will be of such short length as to re-
quire no different design of equalizer or even
none at all, The design of such deviation
equalizers isstill under study, The equalizer
is of the balanced +type having 135 ohm input
and output impedances, It is always connected
into the 1line section +transmitting +the low
group frequencies, It should be introduced
into the carrier 1line near the middle of the
group of repeaters for which it is to correct
in order %o hold the line 1level deviations to
8 minimum, Simplex power +to the repeaters
passes around the equalizers by astrap between
midpoints of an input and output transformer.
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7. POWER ARRANGEMENTS

7.01 The repester power circuit is designed

so that local battery, or battery power
transmitted over the ceble may be used. This
circuit consists of two parts, the power supply
with the power cross-connections and the volte
age regulator circuit,

(A) Power Supply

7.02 The power for arepeater at a powered re=-

peater station is obtained from the +130
volt battery only. The power for transmission
over the line to anon-powered repeater station
is obtained from both the +130 volt end =130
volt batteries, This power 1s introduced
through longitudinal choke coils onto the d=~c
simplex of the quad or two pairs assigned %o
the system. Conneection is made at the center
points of repeater input and output transformers.
The pair thetcarries the plus or minus voltage
is determined by the arbitrary rule that the d-c
current flows in the seme direction as the di-
rection of transmission. Thus at a poweredre=~
peater station the plus voltage is applied
to the repeater output pair and the minus volt-
age to the repeeter input pair; and at e non-
powered repeater stetion the plus voltage is ob=-
tained from the repeater input pairaad the minus
voltege from the repeater output pair,

7.03 The power connections to the simplexes

are made at the ocenter tep of the appro=
priate repeater input and output coils through
the longitudinal choke coils L., and L5’ Fig.
16, These leads arebrought out to términals
for the power supply cross-connections, In
each battery lead there is at the power supply
panel & 130 ohm current 1limiting resistor and
in the minus voltage 1lead a 100 ohm variable
redistor, This variable resistor compensates
for different line resistences to provide for
the normel adjustment 1,0 volts at the non=
powered repeater point.

{B) Power Supply Cross=Connections

7.0l4 The power supply cross-connections vary

among the several supply systems used,
end to meke the repeater universallyeapplicable,
all the power leads s&re available flor inter-
connection as required. A typical system is
given in Fig. 17, This system shows the cir-
cuit connections for alocally powered repeater
station feeding power to the adjacent remotely
powered repeater station ineach direction. The
cross=connections at the remotely powered repeat=
er station show how the longitudinel leads that
are not used totransmit power are a=c grounded
through a condenser, This grounding requirememt
also existsat locally poweredrepeater stations,

7,05 These power cross-conngctions are made
at terminals G through N of the terminal
strip on the repsater mownting bracket. These
Page 11
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Fig. 16 - Power Supply System

terminels are shown in Fig. 1. The details of
these cross-connections for individual repesaters
for the several power arrangements are indi=-
cated in Figs, 174, B, C, D, E and F,

(C) Locally Powered Repeater Station

7.06 Figs. 17A, B, C and D apply at a locally

powered repeater station. The connec-
tions in Fig. 17A are for power to the local
repeater only. Those in Fig. 17B are for power
to a local repeater and for transmitting power

in Fig., 17C are for a local repeater and for
transmitting to an sadjacent repeater to the
east, and those in Fig, 17D arefor a local re-
peater and for transmitting tothe adjacent re-
peaters both east and west.,

(D) Remotely Powsred Repemter Station

7.07 Figs. 17E endF apply ata remotelypowered

repeater station. The connections in
Fig. 17E are for power received over the cable
from & locally powered repeater station to the
west, Those in Fig, 17F are for power received

to the adjacent repeater to the west. Those from the east,
Powered
Repeater Station
. 96 9H 9J oK oL oM oM G 9H 9) oK ol oM oN G ol o)oKk oL gMoN | [ oG oH 9 oK oL QM ON
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Fig. 18 - Power Regulator-Distributor Circuit

(E) Voltage Regulator Circuit

7.08 The regulator-distributor circuit is

shown in Fig. 18. This unit supplies
both non-regulated and regulated power to the
repeater. The non-regulated voltage is sup~-
plied to the plates of the vacuum tubes di-
rectly as it is received by the repeater. The
regulated voltage 1is supplied +to the heaters
of the vacuum +tubes and the thermistors as a
series string and to the screen of the 30l ke
oscillator. The regulated voltage is required
by the heaters of the tubes to give good life,
by the thermistors to control their thermo-
stated temperature andby the 30l ke oscillator
to provide frequency stability, The heaters
of the tubes are used two inparallel and these
pairs in series, This arrangement gives an
approximation of the desired condition of con-
stant heater power which is preferred rather
than either constent current or constant volt-
age heater operation,

7.09 The heater string includes a variable re-
sistance Fil.Curn for adjusting the cir~

cuit current +to the desired 98 milliamperes

and has test jacks TST2 and 3 to measure 1it,

7.10 The regulated wvoltage of 100 wolts is

obtained by means ofa Li27A voltage regu-
lator tube, This tube produces & large change
in current through it (3 to L0 milliemperes)
for a small change in applied voltage (100 to
101.5 volts). This large change in gas tube
current produces an increment of line current
which flows through the 1line resistance and
produces & voltage drop to compensate for a

change in the applied voltage. The degree to
which this balancing =sction is obtained is in=
dicated by the regulation characteristics
shown in Fig., 19. Changes in gas tube current
are plotted against changes in applied battery
voltage, line resistance and electron tube
space currents,

. : *
» 420 \i\ 54
E N
&40 , 270 ) — 52 §
8 N = 50
i= i D al
2 o a B_L— N\ 3
330 ® 20 h PN “d
< 200 \\ ™ 42
\\ ©

t
8 10 12 14 16 18 20 22 24 26 28 30 32 M
Gas Tube Current-MA

Fiz. 19 - Voltage Rejuletion Characteristic

7.11 The V.R. tube current is adjusted, by

the variable resistance VR CUR, for dif-
ferences in tubes and applied line voltages to
a nominal value of 20 milliamperes. With this
adjustment there is sufficient regulation range
available to accommodate for the changes in
line resistance with temperature and for ap-
plied battery voltages of about + 10 volts from
the nominal 260 volt wvalue.

7.12 The V,R, tuberequires an applied voltage
of 130 volts or more onthe trigger elec-
trode to make the tube conducting and to start
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egulation action., To obtain this the trigger
lectrode is connected by means of resistance
51 to the power supply ahead of the adjusting
egistances to obtain the full applied voltage.
The tube has & small resistanece R52 comnected

in serdies with its cathode to provide test:

voltege for adjusting purposes, This tube is
wired internally so that it serves as & switch
to connect as well as to regulate the voltage
applied to the thermistor and vacuum  ‘tube
heators,

7.13 At alocally powered repeater station the

applied repeater voltage is obtained di-
rectly from & regulated battery source, Thus
a voltage regulator is not required and a 377A
shorting plug is used in place of the voltage
regulator tube., This shorting plug serves as
a switch to comnect the . heater and thermistor
circuit to the power source as did the V.R.
tube. It also has a connection to short out
part of the regulator circuit control resist-
ance to compensate for the nominal applied
voltage of 130 volts instead of the 14,0 volts
used at a non-battery repeater,

8. TRANSMISSION PERFORMANCE

(A) Sideband and Carrier Powers

8,01 The output power at which the two types

of repeaters operate is substantially
different, For mean circuit conditions the
H~L repeater operates with a total output power
of ebout +3 dbm and the L-H repeater with ebout
+12 dbm, These values may vary by + 1.5 db
over the normal renge of system regulation,
Under abnormel circuit operation greater de-
parture from normal output results. The output
power is composed of the twelve channel carriers
and their associated sidebands, The carriers
have a slope over the band of 7 db for each
repeater., For the H-L repeater +the chanmel 1
carrier, 136 ke, is -5 dbm, the channel 12
carrier, ;8 ke is =12 dbm and the other chennel
carriers uniformly spaced between. For the
1-H repeater the channel 1 carrier, 168 ke is
-3 dbm, the chennel 12 carrier, 256 kc is +
dbm and the other chammels distributed between
them as in the H-L repeater, A plot of the
carrier powers for both repeaters is shown on
Fig. 20. The sideband energy associated with
each of these chammel carriers is composed of
the 3700 cycle signalling tone or the speech
energy. The signalling tone adds about 0.25
db to the carrier power, The spsech energy
is considerably wesaker than the carriers ex~
cert for instenteaneous peaks of volice energy
so that, as measured, the power contributed
by them is unimportant. :
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Fig. 20 - Repeater Output - Channel
Carrier Powers

(B) Load Capacity

8,02 The meaximum single frequency load rating

of the two types of repeater is about +2%
dbm, This characteristic is shown by Fig. 21,
The meximum output for each repeater is
about the same even though there isa difference
in output trnsformer impedances. The output
transformer for the L=H repeater presents a
load impedeance to the vacuum tube of approxi-
metely 18,000 ohms, This value varies slighte
ly as the thermistor resistance changes over
its renge. This value of load impedance is a
little above the optimumbutprovides increased
gein with sufficient power to handle the re=-
quired load, The output transformer for the
H-L repeater presents a nominal load impedance
of 6100 ohms to the tube., This value of load
impedance is materially lower than that of
the L-H repeater, It is dictated by the regu=
lating level used with this repeater and the

0
-1
-2
-3
-4

Change in Gain-db

+10 412 44 #6418 220 422 ¢4
Single Frequency Output - DBM

Fig. 21 = Gain~Load Characteristic of
High-Low and Low=High Repeaters



power required to operate the thermistor regu-
lators;. This value of 6100 ohms is realized
when the thermistor resistance is 2500 ohms,
As the thermistor resistance increases or de-
creases from +this value the transformer 1load
impedance is influenced in the same manner as
in the L-H repeater but to a considerably
greater extent, The effect of this change is
epparent in the unwanted modulation products
formed in the emplifier.

LS) Unwanted Modulation Products and Repeater
Noise

8.03 The unwented modulation products formed

in the repeater may be due to either the
amplifier or the modulator sections, Typical
cheracteristics are given by Fig, 22 and Fig.
23 for a representative case of both second
ani third order products for the L-H and H-L
repeaters respectively,

ORDER ",'(‘go SOURCE

2nd (304-2 x 56) MOD
. | 3rd (2 x 208-268)AMP

8

8

\?rd

2nd| N

\\‘3’%
%\

3
)
/

8

Modulation-db below each Fundamental
3

]

0 2 4 6 8 1012 14 16 18 20 22 24
Output of each Fundamental -dbm

Fig. 22 ~ Low=High Repeater !Modulation
(Typical Characteristic)

8.0, In the L-H repeater the predominatirg
second order products that occur within
the trensmitted band are due to the modulator,
The predominating  third order modulation
products that are transmitted are formed in the
emplifier., These modulation products for both
orders follow closely the customary performance
of 2 db increase in2nd order end 3 db increase
in 3rd order products for each db increase in
fundamental powser. At a given output the
modulation products vary inversely as the
repeater gain changes with regulation,
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FREQ.
w0 ORDER '7e® SOURCE
g 2nd  2%56 AMP.
E 3rd 2x96-56 AMP.
S 80 ;

[ =t
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5 - \\\
8 0 and 3
g '~
26 N~
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s y
5 50 \ \
E \
40

0 2 4 6 8 10 12 14 16 18 20 22 24
Output of each Fundamental- dbm

Fig, 23 - High-Low Repeater Modulation
(Typical Characteristic)

8,05 In the H-L repeater all the modulation

products are due principally to the am-
plifier. However, these products do not follow
the seme performance with changes in repeater
gain as observed in the L-H repeater in that
the modulation level remeins nearly constant
as the repeater gain is varied, This effect
is more pronounced in the second order but the
underlying cause is present for all products.
This effect results from & balancing action
between the modulation products formed in the
tube and the suppression of them caused by the
circuit feedback,

8,06 The noise generated in the repeater is

due primarily to <the amplifier, This
noise isequivalent toabout 15 db ebove thermal
at the repeater input, which for the frequency
band width of one chammel 1is about =73 dbm at
the output of a nominal L8 db gain repeater,
This value is somewhat lower than other sources
of neise in the system and thus is not control-

ling.

9. EQUIPMENT ARRANGEMENTS

9.01 A plug-in unit method of comnstruction is

employed for the N1 repeaters, A com-
plete two-way repeater ismade up of three sub-
assemblies in a single wunit. The external
connections of each unit terminate in & 20 point
plug which is plugged intoa jack in the repeater
mounting bracket,  This method permits the
testing of the wunits without jack fields and
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E-W MODULATOR

AND AMPLIFIER
SUB ASSEMBLY

COMMON
SUB ASSEMBLY

W-E MODULATOR
AND AMPLIFIER
SUB ASSEMBLY

Fig., 2, - N1 Repeater supassemblies

allows replacement by a spare repeater and the
removal of arepeater introuble to a convenient
location for maintenance, Access for wiring
nmaintenance is required only at the front of
the rack which permits back-to-back relay rack
mounting or mounting in a cabinet or against a
wall,

9,02 Each of the two basic types of repeater

unit, the H~L and the L-H, is made up of
three subassemblies, as shown by Fig. 2. Two
of these subassemblies are identical in function
and mirror imeges in structure. They are the
E-W modulator and amplifier subassembly and
the W-E modulator and amplifier subassembly.,
These are plugged into & common subassembly
containing the 20l kc oscillator and the volt=
age regulator, all under a common cover. In
the L-H repeater the E-W and W-E subassemblies
are similar to those on the H-L repeater ex=-
cept for low=to-high instead of high=to=low
frequency conversion, The common subassembly
is identical in all repeaters eand carries the
plug which connects to the repeater jack in
the repeater mounting bracket, When the cover
is removed from the unit and the subassemblies
ar> separated all apparatus and wiring is ac-
cessible for maintenance, Pigteil apparatus,
so far as electrical requirements permit, is
mounted on two parallel thermoplastic strips
by setting their terminal wires into the edges

Page 16

of the strips. An individual component can be
removed readily by applying heat to its leads
with a soldering iron,

9.0% Four repeaters are mounted on one shelf

on a 19 inch relay rack and occupy &
vertical space of approximately 1l inches as
indicated in Fig, 25, A repeater top support
is required to support any group of repeaters
not having & repeater mounting shelf above
them, Each repeater plugs into a jack on a
repeater mounting bracket which is secured to
the shelf, Span adjustment pads, whenrequired,
also mount on this bracket, There are three
jacks on the bracket, one to receive the re-
peater and two repeater switching jacks for
testing and in-service replacement of the re=-
peater, The outside cable pairs and the re=
peater input and output connections terminate
in the repeater switching jacks J2 and J3,
which are multipled. The repeater is connected
to the cable pairs by inserting +the repeater
connector plug in either of these jacks. Means
are also provided on the bracket for terminate
ing the external wiring,

9,04 The repeaters may be mounted in a pcle-
type cebinet at non-power-supply points
as shown inFig., 26, The capacity of the cabinet



Fig. 25 - Relay Rack Mounting of Type N1
Repeaters

is twelve repeaters ard the associated 52
pair cable terminal and the required order wire
eguipment., Fig. 26 shows the Cable terminal
mounted at the top of the cabinet. Arrange-
ments are also available for mounting it at
the bottom,

9.05 For office installations the same mount-
ing brackets and shelves are used for 19
inch wide relay racks, either duct or channel
type. Where the office is also & power supply
point, a power distribution panel is required
for each four systems. The power distribution
penel contains the power resistors, fuses and
fuse alarms., Each panel will provide power te
four local repeaters and, whenrequired, to the
four adjacent repeaters in each direction,

9.06 The deviation equalizer panel contains

two equalizers, one for each direction
of transmission of one system. The equipment
arrengement for this panel provides for office
installation only.

9.07 The size of wunits and panels as well as
typical bay layouts are as follows:

Height in 1-3/4"
Width Mounting Plates

Group of L, Repeaters

on Shelf 1g" 8
Repeater Top Support 9" 1
LOA Cable Terminal 19" L
Power Distribution

Panel . 19" 5
Deviation Equalizer

Panel 9" 1

SECTION 362-400-100

Fig. 26 - Type N1 Repeaters-In Pole
Mounted Cabinet

9,08 A typical 11'-6" relay rack layout at =a

power supply point, withdeviation equaliz-
ers for each direction of transmission in all
repeaters, will provide for 16 repeaters. When
deviation equalizers are not required, a total
of 20 repeaters may be accommodated, This ar-
rangement assumes that & protector frame is
aveilable in the office.

9,09 A typical 11'-6" relay rack layout at a

non-power supply point, without deviationr
equalizers, may provide for as many as 32 re-
peaters. With deviation equalizers space is
available for 2|, repeaters.
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9,10 The installation requirements for these
. repeaters vary widely and include many
smell differences due to bay height and pole
mounting arrengements, power source, provision
for deviation equalizers, etc, To accommodate
easily these situations and provide the de=-
sired flexibility of equipment mounting arrange-
. ) X
ments there are no shop wired bays involved,

10, TESTING ARRANGEMENTS AND FACILITIES

10.01 The testing facilities for +the type N1

repeater aere arranged sothat all routine
tosts may be made on an in-service basis, The
tests include (1) the customary electron tube
activity tests, (2)measurements and adjustments
for each individual repeater of the current for
the heater string and for the voltage regulator
tube, (3) measurement of the total power at the
output ofarepeater to check onproper repeater
operation, (l) meens of switching a standby re-
peeter into the circuit without service inter-
ruption to meke the regular repeater available
for out-of-service maintenance or adjustment,
The tests can be performed withthree test sets
peculiar to this system, +the 2J Repeater Test
Set, the 2M Repeater Switching Set and the 2P
Tube Test Set,

10,02 The Fil,Act, and Test jacks, shown in

Fig, 2l;,, provide the necessary access
points in the circuits for the tube tests and
adjustments, The tube activity test is made
with the 2P Tube Test Set in the usual mermer
by observing the change 1n tube space current
for a ten per cent, reduction in the heater
current, As all of the tubes in the repeater
are in one string this test can be made for
the whole repeater at once, The tube space
currents are measured by jack connections
across the cathode resistors and the change in
heater current is obtained by connecting an
adjustable resistance to provide the desired

change,

10,03 The measurement and adjustment of the

currents in the electron +tube heater
string and the voltage regulator tube, and the
measurement of the line voltege applied to the
repeater are also made with the 2P Tube Test
Set, The current requirement for the elsctron
tube heater string is 98 milliamperes. The
current requires individual adjustment each
time a tube is replaced to compensate for vary-
ing heater resistances or variations in voltage
provided by the voltage regulator tubes, The
current of 20 milliamperes required in the
voltage regulator tube also necessitates indi-
vidual adjustment to compensate for the varia-
tions among V.R, tubes with the same applied
voltage end to compensate for varistions that
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may exist in the applied line voltege, Tne
applied line voltage measurement is made to
check and to control the adjustment of ° the
nominal-value of 1,0 volts to the repeater,
Although this measurement is primarily an ine
stallation adjustment procedure, it provides
a good maintenance check,

10,04 The measurement of repeater output power

is made with the 2J Repeater Test Set,
This test is made by bridging the meter across
the repeater output circuit at one of the
Repeater Switching Jacks, The reter measures
the total powser present which for normal ree-
peater operation is about +12 dbm for the LeE
repeater and about +3 dbm for the H-L repeater,
This power is the surmation of the twelve chan-
nel carriers plus a small eaugmentation by the
signal powers, In cese of system fallure ir
which the power of +the channel carriers is
absent, the repeaters endeavor to increase
their gain until the noise output is enough tc
provide the normal output power, To prevent
such noise power from being mistaken for the
normel power of the channel carriers the test
set includes a receiver which permits the out-
put power to be monitored audibly, The normal
carrier power will be heard as an-8000 cycle
tone in the absence of which the system can be
assumed to be in trouble, The noise power
present in faulty repeater operatior will, whemn
loud enough to be audible at all, be heard as
irregular noise, By use of this meter, a quick
check can be made along a line +o determine
proper system operation or to locate a circuit
failure.

10,05 When the replacement of a repeater is

indicated it may be accomplished wsithout
interruption of service on the system by use
of the 2M Repeater Switching Set., This switch~
ing set plugs into the vacant repeater switche
ing Jjack end' provides +the necessary switches
and gain adjustment so that a standby repesater
mey be switched into the circuit in place of
the regular repoater, The regulaer repester may
then be removed for out-of-service repair or
replacement, The stendby repeater is a com=
ponent of the switching set and mey be either
& L-H or H-L as the location requires., It is
a standard repeater with the flat gain regu=
lating thermistor replaced by the 20,000 ohm
resistance, R2, in Fig. 1, to provide a fixed
gain, This repeater plugs into the Repeater
Switching Set and becomes an integral pasrt of
it., The power for this set is derived from
the regular office battery at a repeater power
point and at a non~powered repeater point from
the simplex of the order wire and the alam
eircuit pairs,
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11, DRAWINGS (Not Attached)

H-L Repeater Unit Circuit
L-H Repeater Unit Circuit
Repeater Application Schematic

Span Adjustment Pads
Repeater Power Supply Unit
Repsater and Group Connectors
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Repeater Mounting Bracket

Pole Type Cabinet Equipment
Repeater Bay Arrangements

Deviation Equalizer Equipment

H-L Repeater Unit

H-L Repeater W-E Subassembly

H-L Repeater E~W Subassembly

H-L and L-H Repeaters, Os-
cillator and Power Adjustment
Subassembly

L-H Repeater Unit

L-H Repeater W-E Subassembly

L-H Repeater E-W Subassemhly
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