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1. GENERAL

1.01 1Issue 2 of this section describes the trans-

" mitting and receiving group units used for
the N1 carrier telephone system. The system em-
ploys transmitted carrier, double sideband trans-
mission with channels at 8 kc spacing. In a single
cable, direction separation is obtained by using

two cable pairs and, in addition, different fre-
quency bands for the two directions of transmis-
sion. A low group range, 44-140 k¢ with carriers
at 8 kc intervals from 48 to 136 ke, provides 12
channels in one direction. In the other direction,
the frequency range is 1€4 to 260 k¢ with carriers
at 8 kc interval from 168 to 256 kc.

1.02 The terminal group equipment consists of

e transmitting group wnit and an associ-
ated receiving group umit. Thesc units provide
the desired frequency conversion and required
amplification for a group of 12 carriers and
sidebands, between the terminal channel wunits
end the cable pairs, in both the transmitting
and receiving directions.

1,05 The transmitting group unit amplifies to

the proper level and, if necessary, con-
verts to the proper frequency group for trens-
mission on &  cable pair the group of 12 car=-
riers and sidebands, These are generated in-
the channel units in the high group frequency
reange, In addition, each transmitting unit is
equipped with a fixed 7 db slope equalizer to
preequalize the slope of the transmission
characteristic of approximately half a repeater
section,

1,04, An adjusteble noise source on the trans=-

mitting unit supplies noise to mask
crosstalk in unusual cases suchas in extremely
short or quiet cables.

1,05 The receiving group umit provides a

group frequency conversion when required
and also provides gain in the receiving direc-
tion to compensate for the flat loss of cne
repeater section. A fixed 7 db slope equalizer
compensates for the 7 db slope of the received
level from the cable. Jn addition, a varia-
ble slope of zero, two or four db is obtained
by means of the slope adjustment. There are no
other optional adjustments in the receiving
unit as normally used. Residual line equaliza-~
tion and the differences in repeater sectiors
are compensated for by the slope adjustment
setting in the receiving group wuwnit and by
fixed pads in the terminal freame.
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SECTION 362-011-110

1,06 The receiving group unit isprovided with

automatic gainregulation which keeps the
power of all the carriers and sidebands at the
receiving unit outpubt nearly constant even
though the input chenges due to temperature
changes in the cable.

1.07 The receiving unit is also provided with

an alarm which operates onthe total power
of the received carriers so that a failure of
the cable pair or the repeaters will be noted
immediately.

1,08 There are four types of group units:
(1) The high group transmitting wnit HGT.

(2) The low group trensmitting ‘unit LGT
and associated oscillator subassembly.

(3) The high group receiving wmit HGR.

(4) The low group receiving unit LGR and
associated oscillator subessembly.

1.09 A terminal which transmits the high group

of frequencies will be equipped with one
high group transmitting wmit HGT and one low
group receiving unit LGR. A terminal which
transmits the low group of frequencies will be
equipped with one low group transmitting unit
IGT and one high group receiving unit HGR.

1.10 The oscillator subassembly contains the

30l kc and +the 3700-cycle oscillators.,
The oscillator subassembly is plugged into a
low group trensmitting ora low group receiving

subassembly, and the combination equippedwith a
common cen cover forms & low group transmit-
ting 1GT or a low group receiving LGR unit re=
spectively,

1,11 The group units are arranged to receive

power from a local -48 volt battery for
heater supply and a+13%0 volt battery for plate
supply. At terminals where power is supplied
over the cable pairs to an adjacent repeater a
+130 volt battery and a =130 volt battery sup-
ply the power to the cable pairs.

1.12 The group unit external commections ter-
minate in a plug which is plugged into a
jack in the terminal mounting,

2. CIRCUITS

(A) High Group Transmitting Unit HGT

2.,01. A simplified schematic of the high group
trensmitting unit HGT is shown in Fig. 1.

2,02 The input to the unit consists of the 12

carriers and essociated sidebands in the
161,-260 kc range which are supplied by the chan=
nel units through the associated combining pads
in the terminal mounting,

Noise Generator

2,03 The noise generator consists of a resist-

ance of 75,000 ohms, the noise voltage
from which is amplified by & vacuun tube and
is then introduced into the low-level part

[ o  Oo4—to
E -7 db
Filter Equal.
(HG)
—_—
o
o
Noise
Gen.
° AN—

Fig. 1 - High Group Transmitting Unit
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Fig., 2 - Schematic and Insertion Characteristic of "E" Filter

of the transmission circuit bymeans of a trans-
former., The amount of mnoise is adjustable by
means of a potentiometer which varies the gain
of the vacuum +tube by changing its screen
potential,

Low-Pass Filter

2,04 A low-pass filter designated E in Fig. 1

passes the high group frequencies 14 to
260 kc but attenuates the undesired modulation
products above 260 k¢ produced in the channel
units which would otherwise overload the ampli-
fier of the transmitting unit, The configura-
tion of the filter is shown in Fig, 2, to-
gether with the characteristic measured with

‘& capacitance across terminals 6 and 7 equival-

ent to that of the noise generator trensformer.
The nominal input and output impedance of the
filter is 3000 ohms,

-7 DB Slope Equalizer

2,05 The equalizer designated -7 DB EQL has a

nominal slope of -7 db in its attenua=-
tion characteristic over the high group fre-
quency band. This equalizer has a loss of ap=-
proximately 1 db at 260 k¢ and a loss of ap-
proximately 8 db at 16l ke, Thus, the output
of the transmitting wmit is preequalized by
7 db with +the highest output at +the highest
frequency. The nominal impedance of the equaliz-
er is 3000 ohms, The characteristic and con-
fizuration are shown in Fig, 3.

Amglifier

2,06 A simplified schematic of the amplifier
of the high group transmitting wnit is

shown in Fig., 1, It is a +two tube, feedback-

stabilized amplifier usingJOBA pentodes tubes,

impedance coupled. The feedback is obtained
by meens of & fixed resistance pad connected
into the amplifier circuit by series feedback
et the input and bridge type feedback at the
output.

. == ——T]

A1l LTI -

r 1 :
! - B :
: I ANAA AAAAA, B
L M —J i
< 3000w S - S L 3000w
s «

| 2 H

5 ]

'

:
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m

Insertion Loss - db

~y

N\

100 140 180 220 260 300 340
Frequency - KC

Fig, 3 - Schematic end Insertion Loss Char-
acteristic of -7 db Slope Equalizer
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Fig. Lt - Low Group Trensmitting Unit

2,07 An input transformer with sn impedance
ratio of 3000 ohms +to 20,000 ohms,
couples the 3000-ohm equelizer to the 20,000-chm

resistance in the grid circuit of the ampli=~

fier. This transformer provides as much volt=-
age stepup as is practical for the band width
and frequencies used in this system.

2,08 The interstage network isa simple imped-

ance-coupled circuit consisting of an
inductor in +the plate circuit, a 330,000-ohm
grid leak and acoupling capacitor between them,
The inductance is enti-rescnant with the tube
and circuit capacitances in the high group fre-
quency range.

2,09 The hybrid output transformer couples the
amplifier output to the line and to the
feedback circuit. The output impedance is 130
ohms to match the cable impedance, The circuit
depend: on feedback to obtain this impedance.

-(B) Low Group Trensmitting Unit IGT

2,10 A simplified schematic of the low group

transmitting unit LGT is shown in Fig. L.
This unit is in general similar +to the high
group transmitting unit, and only the differ-
ences will be pointed out in the following
description.

2,11 The added function of frequency transfer

from the high group, 16L-260 ke, re-
ceived from the channel units tothe low group,
L-140 ke, required for transmission over the
line is provided by & group modulator with its
associated carrier oscillator,

Page

2,12 The equalizer designated +7 DB EQL is in-

serted ahead of the modulator and to ob~
tain thehighest output at the highest frequency
in the low group, its slope is the reverse of
that used in the high group transmitting unit
previously described inPeragraph 2.00. The char-
acteristics and configuration of the equalizer
are shown in Fig. 5.

TESweT
r" """ H_j{r-——’wu\—‘
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i I e
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INED4
60 100 140 180 220 260 300 340 380
Frequency - KC

Insertion Loss - db

Fig. 5 - Schematic and Insertion Loss Charac-
teristic of +7 DB Slope Equalizer



——

SECTION 362-011-110
1

= C49

il

GROUP MODULATOR f [ i -
CR1
Y40 < 2 1 n -
Crystal R43 b3 6 |3 )
RE2
vy ) 4
C46 == y 3 3 from
W 5 Eql.
fil. S c48
S R4l =—CM4
At e i
]
v +8

Fig. 6 - Group Modulator and 30 Kec Oscillator

2,13 The amplifier input circuit 4is bridge

type instead of series type feedback,
The output impedance of the amplifier is 135
ohms, instead of 130 ohms in the high group
transmitting unit, tomatch the cable impedance
at the low group frequencies,

Group Modulator

2,1, The group modulator within the low group

treansmitting wmit receives a high fre-
quency group, fromthe channel units, and modu-
lates it with the group carrier (30, ke). The
lower sideband is selected from the modulation
products by the filter B, This selected side-
band at the modulator output is the low group,
A schematic of the modulator, together with
the carrier frequency supply oscillator is
shown on Fig. 6, The modulator wused is of
the double balanced type consisting of a copper-
oxide varistor CR1 connected between tworepeat-
ing coils Tl and T5.

2.15 The modulator eaction may be considered

as & double-pole double-throw switch in=-
serted in the signal path between the input
and output coils, and activated by the plus and
minus voltages of the carrier. When the car-
rier voltage is positive on the right and nega-
tive on the left side (Fig. 6) ecarriér current
flows through the transformer windings in par=-
allel opposing and through the two outer recti-
fying olements, Their impedence is then made
low., A current present at the input will then
flow directly through themodulator to the out-
put transformer, During the next half cycle

of carrier, the carrier potential is reversed
and the current flows through the inner recti-
fying units making their impedance low, This
is equivalent to reversing the path for signal
voltages from +the input to the output trans-
former at carrier frequency, resulting in the
production of modulation products of various
orders. With this configuration the input sig-
nal and the carrier do not appear at the modu=-
lator output terminals, being theoretically
balanced out, While a perfect balance 1is not
achieved practically, the input signal is sup-
pressed about 20 db and the carrier about [0
db.

2,16 The Tl and TS repeating coils have an

impedance ratio of 3000 ohms to 130 ohms
and serve to match the impedance of the filters
to that of the modulator and also +to change
from an unbalanced filter end equalizer circuit
to & balanced modulator circuit. To maintain
the proper balance in this circuit itis impor=-
tant that the only ground connection to this
modulator circuit be at the T5 transformer as
indicated.

2,17 The output filter designated B in Fig. L

selects for transmission the lower side-
band generated by the modulator and rejects
the upper sideband, all other modulation prod-
ucts and the signals of the group applied at
the input of the modulator, The output. filter
also includes & peak section to provide atten-
uation to the 304 kc carrier that is present
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Fig. 7 - Schematic and Insertion Loss Charac~
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due to imperfect modulator balance. It is a
low-pass filter with characteristic and con-

figuration shown in Fig. 7.

30, Ke Carrier Oscillator

2.18 The carrier frequency usedwith the group

modulator is supplied by a 304 ke crys-
tal oscillator., A schematic of this circuit
is shown on Fig. 6. This osecillator employs
the grid, screen and cathode of a LJOBA vacuum
tube with a quartz crystal to form the oscil-
lating circuit, The carrier power for the
modulator is obtained from the plate of the
vacuum tube through output +ransformer TLO.

By this means better stability of the output
and frequency are obtained than if the plate
of the vacuum tube and output transformer werse
connected directly in the escillating circuit,
The output +transformer is tuned +to provide
discrimination against all but 304 ke. It al-
so steps down the impedance to match that of
the two CR1l varistors acting in parallel., Be-
tween the output transformer and the CR1 varis-
tors there is a rejection filter L1L0-CL1-CL9
to further suppress all frequencies in this
circuit above 304 ke and with & peak suppres=-
sion at 608 ke.

2.19 The frequency of oscillation is con-

trolled by the crystal YO and is 304,000
eycles + 10 cycle% within 8perating tempeora-
ture renges of 10 F. to 14O F,

() High Group Receiving Unit HGR

2,20 A simplified schematic of the high group
receiving unit HGR is shown in Fig. 8.

2.21 The input consists of the high group of

frequencies, 16 to 260 ke, received
from the cable span pads inthe terminal mount-
ing which are comnected to the incoming cable
pair.

Input Coil

2,22 The input coil Tl serves to match the

3000-ohm impedance of the filters to the
130-ohm impedance of the incoming ceble pair,
It also provides the simplex connection to the
line for the purpose of supplying power to an
adjacent unattended repeater, and provides the
means of maintaining 1lime balance to suppress
longitudinal noise,

2,23 The input filter designated Aconsists of
two elements, FL1 and FL2, It passes the
high group of frequencies end rejects the low

.
A Filter 408A 408A
o e Al [Tl U=z Therm. Cont.
=7 db) J tnter-
— £qual < stage
(HG) 3 Net. s c
1 T 2 - —
E L1 A f* (HG)
A [ [ VYV ¢ .
s 1 AMAA
it VW
‘E Feedback Control
1 Circuit
Pwr. {|—e=< Siope Adj.
| a b X gs . &
d I“ I‘1:

VANVANY

.....

Fig. 8 -~ High Group Receiving Unit
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group, thus attenuating the directnear-end cross-
talk, It is & high-pass filter with character=-
istic and configuration as shown in Fig. 9.

=7 DB Slope Equalizer

2.2, The equalizer designated ~7 DB EQL was
described inParagraph 2,05, It compensates
for 'a 7 db slope of the received level from the

cable and thus equalizes the input level to the

emplifier which is nearly flat with respect to
frequency,

Amplifier

2.25 A simplified schematic of the amplifier

for the high group receiving umit is
shown in Fig., 8. It is in general similar to
the emplifier described in Paragraphs 2,06 to
2,09, with the eddition of a thermistor flat
gain adjustment and a slope control adjustment
incorporated in the feedback circuit, Its out-
put impedance, controlled by feedback, is 130

ohms to matech that of the channel band filters.,

Flat Gaih Adjustments

2,26 A flat gain control of + 1 db is obtainad
in eachamplifier by the strapping options
doesignated a and b which change the feedback,
This control is used in manufacture to provide
\the proper gein for the channel 1 frequency,

|
5 6 5 6
SRR . o=
[}
% 3000+ { 30004 3
1IN outr
“E | :
H ;
O | -
FL1-167A FL2-167B
g0
50
g \
c 30 ¥
gzo
10
0

[+] 40 80 120 160 200 240 280 320
Frequency in KC

je—Low Group—{  |~—High Group —= Rept. Group
Side Band Side Band Carr.

Fig. 9 = Schematic and Insertion Loss
Characteristic of A Filter
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2,27 A further flat gain adjustment of 6 db is

available in the amplifier as a solder=-
ing adjustment by changing from ¢ to.d wiring,
This increased gain is had at the cost of a
reduction in feedback and an increase in modu=-
lation and noise equal to that of about four
normal N1 repeaters, This special gain adjust-
ment is not employed except for special cases
to be considered om an individual basis and
should not be used wmless the inferior perform-
ance cen be tolerated,

Fixed Gain

2.28 When the receiving group wnit .s used

for switching purposes or during mainte-
nance tests, a fixed gain without regulation
is desired. This condition is obtained by
using the resistor R shown in Fig. 8 in place
of the thermistor ' regulator, This resistor
provides about 6 db more gain than the average
provided by the thermistor, The resistor is
connected for manufacturing testing and will
normally be replaced by the thermistor at the
time of field installation. It will also be
used when the receiving group unit is used in
the switching equipment,

+5

/l

+4 A= 4

+3 B -
+2 A

+1 L

Output - db

-2 '/

-3 /

4

V.

-12-10-8 -6 -4 -2 0 2 4 6 8 10 12 14
input . db

Fig. 10 - Regulating Characteristic

Regulation

2,29 The receiving group unit has a flat gain

regulation control which operates about:
thd “mominal"™ total output power of +5,5 dbm,
This regulation is provided by a thermistor
which varies +the amount of feedback in the
amplifier to control its gain. It is connected
into the amplifier «circuit as indicated in
Fig, 8. The thermistor is activated by the
total power at the output of the wmit, practi-
callyall carrier; which isnominally +5.5 dbm,
The thermistor holds the output power to within
+ 2.0 db of the nominal value for a change in
input level of + 8 db, The regulating charac-
teristic is shown in Fig. 10, The +5.5 dbm
output power for the receiving unit is the sum-
mation of +the 12 carriers esach of which is
nominally -~5.5 dbm, Since the power of each
3700=cycle signaling sideband is 15 db below

-
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the carrier power this signal does not add ap-
preciably to the carrier power and since the
thermistors have a time constant of the order
of 8-10 minutes, theeffects of the voice peaks
of power are small., An average characteristic
of thestabilization timeand thermistor restor-
ation time is shown inFigs. 11 and 12, respec=-
tively. The output increased curve (Fig. 11)
applies to changes in output which the regulator
restores to normal by decreasing the amplifier
gain, while the output decreased curve (Fig. 11)
epplies to changes in output whick the regulator
restores to normal by increasing the gain,

2.30 The thermistor unitconsists of a thermis-

tor bead and an associated +temperature
control for +this bead. A schematic of this
unit is shown in Fig. 13. The thermistor bead
is a negative resistance umit ,that varies over
its normal operating range fromebout 1000 ohms
to about 20,000 ohms., Under abnormel signal con-
fitions, it may vary from a few hundred ohms to
rpwards of 140,000 ohms, For & receiving group
vnit having average gain it should be about
;’iOOO ohms, This value is referred to as the

“design" value. It is obtained by adjusting
10
" [~ 1T TITTI
° WITHIN |
q a — 25db
8 2 § —-=1dbH
al § &
3 N 8
6 2 5
§ EMiTTE
ry S 3t
[}
5, / !
3 AL
3 i
/
2 // v /
A
1 A/
o 2 3 4 5678910 15 20 0 100
Time in Minutes
Fig. 11 -~ Stabilization Time
100 - -
/" /’l
90 +
ouTPUT DECREASING// r
w £,
; 7
/f
5 " A
I’
60 v 74
‘E _~1 OUTPUT INCREASING
£ 50 <
=} —’a’
k-] 40 ——= el
o as e
i
20
10
Q620 30 4050601 2 3 45678916 20

SECONDS =i MINUTES
Fig. 12 - Thermistor Restoration Time
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the temperature at which each individual bead
operates so that for the mean value of signal
power at the receiving group unit output
(+5.5 dbm) the thermistor resistance will have
the design. resistance value. The thermistor
opegating temperatures used spread from about
125°F. to 180°F,

2.31 The temperature control for the regulat-

ing thermistor network is itself in turn
thermistor controlled. This control permits
the thermistor wnit to be used with ambient
tempergtures between -20°F, and +130 F, without
appreciable change in its operating performance,
Thus, the temperature effect on regulation at
attended stations, where the temperature range
is much less, should be neglizible., The ther-
mistor bead is isolated by a blocking condenser
C to exclude plate supply power,

Slope Adjustment

2.32 The receiving group wnit slope adjust=-

ment provides the manual control of the
frequency characteristic to obtain the desired
slope across the band for system equalization.
The adjustment is in three steps designated A,

B, eand C. The B setting is considered the
nominal condition of the slope adjustment to
equelize for the cable attenuation. Slope
steps A, B and C provide a slope of 0, 2 db,

or l, db respectively., These settings are used
as necessary to meintain adequate equalization
of the system and permit a characteristic slope
to be equalized towithin + 1 db., The change in
gain frequency characteristics fromslope A for
the other two slope settings are given by Fiz. 1.

2.33 The slope adjustments A, B and C are
produced by varying the amplifier feed=-
back with a slope network,

(D) Low Group Receiving Unit LGR

2,34, A simplified schematic of the low group

receiving unit LGR is shown in Fig. 15.
This circuit is in gemneral similar to the high
group receiving unit and only the differences
will be pointed out in the following,

Fig, 13 - Thermistor Schematic

C
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2.35 The added function of frequency conver-

sion from the low frequeney group,
to 1,0 kcreceived from the incoming ceble pair,
through the span pad mounted on +the terminal
freme, to the high frequency group 164-260 ke
of the channel units is provided by a group
modulator with its associated carrier oscilla-
tor. These have already %been described in
connection with the lowgroup transmitting unit,
Paragraphs 2,1l to 2,16 and 2,18,

2,36 The low-pass input filter designated C

selects the low group signals, rejecting
the wmwanted group signals that are present at
the input of the group unit owing to crosstalk
between the cable pairs. Its characteristic
end configuration are shown in Fig. 16,

SECTION 362-011-110
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Fig. 16 - Schematic and Insertion Loss
Characteristic of C Filter

2.37 The band-pass filter, D at-the output of

the modulator selects for transmission
the lower sideband generated in the modulator
and rejects the upper sideband, all other modu-
lation products and the signals of the group
applied at the input of the modulator, The out=-
put filter also includes apeak section to pro-
vide attenuation to the 30l kc carrier that is

—— \s/
(LG) 3
-: ; =|
3 L
AV"""
a
Pwr. =t 4————— ) b
i 3 \
i 1308 kc!| brooces] | ro
|| Crystal | [Sg 0| 1 e Carrier  ~—
C Lo s .:_ H _: L avdwand-aan Alam;
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il
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Fig. 15 - Low Group Receiving Unit
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Fig. 17 - Schematic and Insertion Loss Characteristic of D Filter

present due to i.mperfect modulator balance, The and the preceding high-low repeater. Strapping
characteristic and configuration of this filter to &, bor e vary gain inl db steps for factory
are shown in Fig. 17. ad justments.

2.38 The +7 DB EQL equalizer following filter

D compensates for a7 db slope of the re-
coeived level from the cable and thus equalizes
the input tothe amplifier which is nearly flat,
it was described in Paragraph 2,12,

(E) 3700-Cycle Signal Oscillator

2.4,0 A 3700-cycle signaling oscillator with a

2,39 An emplifier deviation equalizerdesignat- low output impedence supplies signaling

ed ZQL equalizes the small deviations tone to the 12 channel umits. Its schematic

produced in both the low group receiving unit is shown inFig,., 18, The oscillator is a bridge
R52

Vv

Y4l

Grd. 40V M

Fig. 18 - 3700-Cycle Signaling Oscillator
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type feedback oscillator. It is tuned to its
resonant frequency by means of a resistance-
capaciteance bridge. One arm of the bridge is
composed of ‘tapacitors C51, C52 and C53 eand
resistors R51 and R59, capacitor C53 being the
variable tuning element, The second arm of the
bridge is made up of capacitor C50 and resistor
R50. These two arms provide the positive feed-
back. The thermistor RT40 is the third arm of
the bridge. The action of this thermistor makes
the amplifier independent ofvoltage variations
and at the same time affords a method of sta-
bilizing the amplitude of oscilletion. The
resistors RS, and R53% are in the fourth arm
and provide d-c feedback tostabilize the space
current of the left-hand +triode of the double
triode vacuum tube. The control grid of the
first triode is comnnected to the junction of
the first two bridge arms through grid sup-
pressor resistance R52 toprevent singing. The
first stage is resistance coupled to the second
stage by means of cepacitor C55 and resistor
R68. A grid suppressor resistance R57 is pro-
vided for anti-sing purpose, Capacitor CBlL,
potentiometer RE; and resistor R63 couple the
plate of the second stage +to the input of the
bridge and also insulates the bridge circuit
from the d-c plate voltage. Potentiometer R4,
adjusts the output power of the oscillator, The
output of the oscillator is very low imped-
ance by virtue of feedback, A transformer T4l
couples the plate circuit of the oscillator
to the output 1leads whiech are connected
to the 12 channel wunits in the  terminal
aocunting,

. - A
z 1 Amplifier Output
-10
-15
-2
-5
E-»
h-J
=%
e
-85
-5 : Group Unit Ingut
- 55 .
-60 —
. et
-6 1T T Amplitier Input}
-1

1 2 3 4 5 6 7 8 9 101N 12
Channel

160 168 176" 184 192- 200 208 216 224 232 240 248 256 264
Frequency - KC

Fig. 19 = Typical HGT Unit Operating Level
Diagram
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—t—t | Amp. [Output

Level - dbm

Group Unit Input

. Amp. Input

1 2 345 6 7 8 9 101112
Channel

160 168 176 184 192 200 208 216 224 232 240 248 256 264
Input Frequency - KC

144 136128 120 112104 96 83 80 72 64 56 48 M
Output Frequency - KC

Fig. 20 = Typical LGT Unit Operating Level
Diagram

3. TRANSMISSION PERFORMANCE

(A) Trensmitting Units HGT and 1GT

Levels

3.01 The output power at which the two types

of transmitting units operate is substan=-
tially different. For mean circuit conditions
the low group transmitting unit I1GT operates
with a total output power of about +3 dbm and
the high group transmitting unitHGT with about
+12 dbm, These values mayvary about + 1.5 db,
The output power is composed of the twelve chan-
nel carriers and their essociated sidebands,
The level of the carriers has a nominal slope
of 7 db over the band for each unit. For the
low group transmitting unit IGT the channel 1
(136 kxc) carrier level is -5 dbm, the chennel
12 (48 kc) carrier 1level is -12 dbm and the
other charmel carrier levels are uniformly
spaced between. For the high group transmit-
ting wnit HGT the channel 1 (168 kc) carrier
level -is =3 dbm, the channel 12 (256 kc) car-
rier level is 4, dbm and the other chamnnel car-
rier levels are uniformly spaced between them,
These carrier levels and levels at other points
in the two types of transmitting units are shown
on Figs. 19 and 20 (curves labeled group unit
output). The sideband energy associated with
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each of these channel carriers is considerably
weaker than the carriers except for instantane-
ous peaks of voice energy sothat the power con-
tributed by them is unimportant. The gain vs,
frequency chaeracteristics are shown in Figs,
21 and 22 for the HGT, eand LGT wmits, respec-
tively. With the potentiometer of the noise
generator at the "Minimum noise setting",
which is normally used, the plate impedance of

63
62
61
60
59

858

e 57 - -
K 56 A Maximum Noise

Amplifier Only

Minimum Noise

55
54
53 —
52

51

1 23 4567 8 9101112
Channe|

160 168 176 184 192 200 208 216 224 232 240 248 256 264
input Frequency - KC

Fiz. 21 - HGT Unit - Gain Versus Frequency

— ]

Ampitier Ooly | —+—+——1 |

§l
©
5
58
57
5
5
54
53
52— =
as 7db Equalizer Out T~ .
; -
i Nu
L) NN
v N
% \\\ Minimum. Noiss
ANS
s N
“[ Masimum Noise
s N
Q
a \Y
L
45 ¢ 910111
Channel

163 168 176 104 192 200 208 216 22¢ 232 240 248 256 264 272 200

Pig., 22 = IGT Unit - Gain Versus Frequency
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Order Freq. Source |

)

= KC
S a0 2nd  2x56  Amp.
§ 3rd  2x96-56 Amp.
3 ~
5 . N
S 70 2nd <{3rd]
\\
; TN N
© \ N\,
Sa S
h-]
5
5
3
=

40

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

Fig., 23 ~ Modulation for Low Group Transmit=-
ting Thit

the noise generator tube is very high. However,
with the "Maximum noise setting™ the plate im-
pedance is reduced, causing a small shunt loss
as shown by the over=-all gain curves,

Load Capacity

3.02 The amplifier of the two types of transe-

mitting units is capable of a single fre=-
quency output of ebout +23 dbm, The load char-
acteristic is similar to that given below for
the receiving units. The maximum output for
the high group transmitbting wit HGT is about
one db more than for the low group transmitting
unit IGT because. of the difference in output
transformer impedance, The output transformer
for the high group transmitting wnit HGT pre=-
sents a load impedance to the vacuum tube of
approximately 18,000 ohms. This value of load
impedance is a 1little above the optimum but
provides increased gain with sufficient power
to handle the required load. The output trans-
former for the low group tramsmitiing unit IGT
presents & nominal load impedance of 6100 ohms.,
The same output transformer is used for both
the low group transmitting wunit LGT and the
high=-low repeater H-L. The value of load im=-
pedance, which is low, is dictated by the regu-
lating level wused with the H-L repeater and
the power required to operate the H-L repeater
thermistor regulator,

Modulation

3,03 The modulation products formed in the

low group transmitting wnit and in the
high group transmitting wunit originate mainly
in the amplifier. Typical characteristics are
given in Fig., 2% for a representative case of
both second and third order products for the
iow group transmitting umit.



3,04 In the high group transmitting wmit the

third order modulation products will be
essentially the same as the third order products
in the ‘low group receiving unit shown in Fig,
'29. The second order products will be sat a

-5 | | { [ |
' Amplitier Output (~=5.5)
Slope A

Level - dbm

—— Group Unit Input
[——

P ——r—

-85 Amplifier Input

1 2 3 4 5 6 7 8 9 10 1 12
Channel
160 168 176 184 192 200 208 216 224 232 240 248 256 264
Frequency - KC

Fig. 2, - Typical HGR Unit Operating Level
Diagram

Amp. Qut (—5.5)
Slope C

=15

Leve! c‘ibm
&

Group Unit Input Lt
/

"]

=50 ]
-5
-60

Amp. Input

=10

1 2 3 4 5 6 7 8 9 10 11 12
Channel

160 168 176 184 192 200 208 216 224 232 240 248 256 264
Output Frequency - KC

144 136 128 120 112 104 96 88 80 72 64 56 48 40
Input Frequency - KC
Fig. 25 - Typical IGR Unit Operating
level Diagram
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much lower level than indicated in the same
figure because of the absence of a group modu-
lator in the high group transmitting wmit,

(B) Recoiving Units HGR end IGR

Levels

3,05 Both types of receiving umits operate at

: about the same output power. For mean
c¢ircuit conditions the +total output power for
both of the receiving units is about +5.5 dbm,
the level of the carrier of each of the 12
channels being approximately =5.5 dbm. These
values may vary by + 1.5 db over the normal
range of system regulation., Under abnormal
circuit operation greater departure fromnormal
output results. The output power is composed
of the 12 chammel carriers and their asso-
ciated sidebands, The levels of the 12 carriers
received from the cable pair have a slope over
the band of approximately 7 db, For the low
group receiving unit the 136 kc channel 1 car—
rier received from the cable is 7 db lower than
the 48 ke channel 12 carrier and the other chan-
nel cerriers are wmiformly spacedbetween. For
the high group receiving unit the 256 ke chan-
nel 12 carrier received from the cable is 7 db
lower then the 168 kc channel 1 carrier. These
carrier levels are shown by the curves labeled
group unit input on Figs. 25 and 26, The gain
vs. frequency characteristics are shown in
Figs. 27 and 28 for the HGR and IGR wunits,
respectively.

3.06 An equalizer with -7 db slope in the

high group receiving unit, and an equaliz-
er with +7 db slope in the low group receiv-
ing wnit equalize for most of this 7 db slope

58
56

//

g€
\

\

5: 588
N

s f

Gain - db

By

1 23 4 5 6 7 8 9 1011 12"
Channel

152 160 168 176 184 192 200 208 216 224 232 240 248 256 264
Input Frequency - KC

Fig. 26 - HGR Unit - Gain Vs. Frequency
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Fig. 27 - IGR Unit - Gain Vs. Frequency

in the levels received from the cable., Thus,
the input to the amplifier is essentially flat
which in turn results in nearly a flat ampli-
fier output level for each of the 12 chennels,

Load Capacity

%.07 Both types of receiving wnits are capable
of a single frequency output of .about +23
dbm, The load characteristic is shown in Fig,.
28, The output transformer for the receiving
units presents & load impedance to the vacuum
tube of approximately 20,000 ohms, This value
varies a little as +the thermistor resistance
" changes over its renge. This value of load ime
pedance is a little above the optimum but pro=-
vides increased gain with sufficient power to
handle the required load,

80

e-1

3 ) /
g7 /
-3

S

5-4

413+ 415416417 +18 +19+20 421 +22 +23 +24
Single Frequency Output - dbm

Fig. 28 - Gain Load Characteristic of Re-
ceiving Group Units

Modulation

3.08 Typical characteristics are given in

Fig. 29 for arepresentative case of both
second and third order products in the low group
receiving unit., The second order products that

Peze 1,

© | HEEN
Order  Freq.  Source
) s
E M 2nd  (304-2x56) Mod.
80 - [ 3 (2x208-268) Amp.
3 N
2 ~d N,
£ 70— AN
3 I \3rd
N
g 6 2nd \\\
8 R~
pt X
;| \
‘: 50
=
40

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

Fig, 29 = Modulation for Low Group Receiving
Unit

occur within the transmitted band originate in
the modulator. The third order modulation
products thatare transmitted are formed in the
emplifier. These modulation products follow
closely the normal performance of 2 db increase
in second order and 3 db increase inthird order
products for each db increase in fundamental
power., The level of modulationata given out-
put varies inversely as the amplifier gain
changes with regulation.

3.09 In the high group receiving unit, which

does not heve a modulator, the second
order products will be at a lower level, The
third order products, however, will be essen~
tially the same as for the low group receiving
unit,

(C) 3700=~Cycle Signal Oscillator

5,10 The oscillator output isdesigned to give

a very constant output witha very low im-
pedence and with harmonic distortion at a low
lev'elo

3411 The output is adjusted at the factory to

2.4 volts RMS into & 200-ohm load. This
voltage should not vary more thean + 10% due to
changes in office ambient temperature.

3.12 The output impedance is approximately 5

ohms which results in good voltage regu-
lation with the changes in load from approxi-
mately 1,00 ohms with one channel signal cir-
cuit keyed to approximately 120 ohms with all
12 channels keyed.

3,13 The 2nd end 3rd harmonic distortion lev-

els are approximately 4O and ;5 db respec-
tively, below the level of the fundamental
frequency of 370C cycles,



4. POWER SUPPLY

(A) General

L.01 The power circuit of the group units

(and the channel wnits) is designed to
be operated from the office battery supply.
When required, battery power may be supplied
over the cable to an adjacent unattended re-
peater,

(B) -L48 and +130 Jolt Battery for Terminal

L,02 The -4O volt heater supply and negative

voltage for the 3700-cycle oscillator
of the group unit are obtained from the =48
volt office signaling battery through a sroup
of parallel dropping resistors and a series
rheostat connected between the <48 volt bus
and the fuses for the group and channel units
in the terminel frame assembly. The proper
voltaze is obtained by strapping resistors in
or out snd adjusting the rheostat as required,
One 1-1/3 ampere fuse serves both the trans-~
mitting group unit and the receiving group
unit. The current drain from the =48 volt

. Ssupply for both group wmits is 0.3 ampere.

(In addition, the =48 volt bus supplies the 12
chennel 'mits.)

L.03 The +130 volt plate supply is obtained
from the +130 volt battery +through a
built-in filter circuit consisting of a series
retard coil and shunt capacitor between the
+130 volt fuse and the channel units inthe tere
ninal frame assembly. One 2,0-ampere fuse
serves both group wnits andalso the 12 channel
units. The current drain from the +130 volt
supply for both group units is 0.1 ampere,

Powered Terminal
Station:

Trans. Grp.. Unit
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(€C) =130 Volt and +130 Volt Battery for Adjacent
Repeater

L;,0ly When an adjacent unattended repester re-

quires power supplied over the cable one
1/, emp, fuse connected to the +130 volt bat-
tery supplies the required current of 150 mil-
liamperes to 170 milliamperes,

4,05 An additional -130 volt battery is also

required which supplies therequired cur-
rent of 150~170 milliamperes, through one 1/ﬁ
anp. fuse.

L.,06 The power connections to the simplexes

are made at the center tap of the trans-
mitting group unit output transformer and the
receiving group umit input coil through the
longitudinal choke coils L., and Iz, Fig. 30,
These leads are connected t0 +terminals in the
terminal mounting for the power supply cross-
connections. In each battery lead there is at
the power supply panel a 130-ohm current limit-
ing resistor and in addition in the minus volte
age lead a 150-ohm wvariable resistor. This
varisble resistor compensates for different
line resistances to provide 1,0 volts at the
non-powered repeater point for the normal ad-
Justment condition.

5. TESTING ARRANGEMENTS AND FACILITIES

5.01 The testing facilities for +the type N1

terminal group units are arranged so
that all tests mey be made on an in-service
basis, The tests include (1) the customary
vacuum tube activity tests, (2) measurements
of the heater voltages for each group unit,
(3) measurement of the totdl power at thel
output of a transmitting group wnit, and (L)
means of switching a standby <transmitting or

Non - powered Repeater
Station (East or West)

+130v. | ¢
-40 (s&__[+130v

40 |
Grd. Bat.

-40 . -130v.

Rec. Grp. Unit Line

3£ [23E
I-ELS L1
3E<]3E

Fig. 30 - Power Comnections for Powsr Supply Over the Cable
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receiving group wnit into the circuit without
service interruption to make theregular trens-
mitting or receiving group unit available for
out=-of-service maintenance or adjustment. The
tests can be performed with three of the test
sets for the type N system, the 2J Repeater
Test Set, the 2N Group Unit Switching Set and
the 2K Tube Test Set.

!A! Testig

5.02 The FIL ACT and TEST jacks, which appear

on the front panels of +the group units
as seen onFig., 31, provide the necessary access
points in the circuits for the +tube tests.
The tube activity test ismade with the 2K Tube
Test Set in the usual manner by observing the
change in tube space current for aten percent,
reduction in the heater current, The heaters
of approximately one-half of the tubes in the
group units are comnected in parallel, and the
remaining half, also comnected in parallel are
connected in series with the first half. The
tube space currents are measured by means of
Jack connections across the cathode resistors,
and the chenge inheater current is obtained by
connecting en adjustable resistance across the
groups of paralleled tubes, one group =at a
time, toprovide the desired change in voltage.

5.03 The measurement of the trensmitting group
unit or receiving group unit output power

is made with the 2J Repeater Test Set. This
test is made by plugging the Test Set connec-
tor in one of the switching jacks, eappearing
on the terminal mownting, through which the
units are connected tothe other terminal equip-
ment., A meter in the test set is thus bridged
across the output circuit of +the umnit umder
test. The meter measures the total power pres=
ent, which for normal operation is about +12 dbm
for the high group transmitting umit, about +3
dbm for the 1low group trensmitting unit and
sbout +5.5 dbm for +the high group receiving
wit or the low group receiving wnit. This
power 1is +the summetion of +the 12 channel
carriers plus a small augmentetion by the sig=-
nel powers. In case of failure of the repeat-
ers. or line, the power of the chamnel carriers
| is absent, and the repeaters endeavor to in-
crease their gain until +the noise output is
enough to provide the normal output powsr. To
prevent such noise power -from being mistaken
for the normal power of the channel carriers
the test set includes a receiver which permits
the output power to be monitored audibly. The
normal carrier power will be heard as sn 8000-
cycle tone in the absence of which the system
can be assumed %o be in trouble. Owing to the
operation of the dynemic regulators, a few
minutes after a transmission failure the gain
may have been raised enough to cause reappear-
ance of the 8000=cycle tone but in this case
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the tone would be heard <through loud noise.
By use of this test set, a quiock check can be
made to determine proper system operation or
to locate a circuit failure.

(B) Switching

5.0y When the replacement of a group wnit is

indicated it may be accomplished without
interruption of service onthe system by use of
the 2N Group Unit Switching Set. A test cord
connects this switching set +to one of the
group wmit switching jacks in the terminal
mownting and provides the mnecessary switches
and gain adjustment so that an alternate group
unit may be switched into the circuit in place
of the regular group wnit, The regular group
unit may then be removed for out=-of-service
repair or replacement. The alternate group
wmit is connected by means of another test cord
to the switching set, of which it is a component,
and must be of the same type as the unit in the
terminel that isbeing replaced. It is a stan=-
dard group unit with the flat gain regulating
thermistor replaced by the 20,000-ohm resistor,
R in Figs, 8 and 15 +to provide a fixed gain.
The power for this set is derived from the
regular office battery.

(C) Alarm Circuits

5.05 Alarms for +130, ~130 and -48 volt bat-
tery supply failure are incorporated in
the terminal mounting.,

5.06 The output of the receiving group unit

is rectified and the d-c output is con-
nected to a relay which releases when the re~-
ceived carriers disappear, thus resulting in
an alerm of any transmission failure of the
system.

5.07 The 3700-cycle signal oscillator output

also is rectified and is connected to a
relay in the terminal mounting to bring about
an alarm upon failure of this oscillator,

6. EQUIPMENT ARRANGEMENTS

6,01 A plug-in unit method of construction is

employed for +the N1 high eand low group
trensmitting unit and the high end low group
receiving unit. The external connections of
each unit terminate in aplug which is inserted
into a jack in the terminal mounting, This

method permits the testing of the units without -

jack fields and allows the removal of a group
wmit in trouble <to a convenient location for
maintenance end its replacement by a spare
group wmit. Access for wiring maintenance is
required only at the front of +the rack which
permits back-to-back relay rack mounting or
mounting against a wall,



Fig. 31 - Front View of High Group Transmit-
ting and Low Group Receiving Units

6.02 The transmitting group wnit and the re-

ceiving group wmit are separate plug=-in
units. A front view of the group units for a
terminal transmitting high group and receiv=-
ing low group is shown in Fig, 31. For the
low group units, either transmitting or receiv-
ing, an oscillator subassembly for the carrier
and the signaling oscillator plugs in a trans-
mitter or receiver subassembly. The arrange-
ment is shown in Fig. %2 where the +two subas-
semblies are separated. When the cover is re=-
moved from & wnit and the subassemblies are
separated, all apparatus andwiring is accessi-
ble for maintenance. Pigtail apparatus, so
far as electrical requirements permit, is
mounted on two parallel thermoplastic strips
by setting their terminal wires into the edges
of the strips. An individual component can
be removed readily by applying heat to  its
leads by means of a soldering iron.

6.03 Span adjustment pads when required mount
in the terminal mounting.
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Fig. 32 - Low Group Receiving Subassemblies =
Receiver at Left and Oscillator
at Right

6.0y The power distribution panel contains the

power resistors,

fuses and fuse alarms

and is mounted on the terminal mounting.

7. LIST OF DRAWINGS (Not Attached)

(A) SD Drawings
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High Group Transmitting Circuit HGT
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(B) ED Drawings
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Low Group Receiving Subassembly
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