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CIRCUIT DESCRIPTION

TKANSWISSION SYSTEMS DEVELOPWENT DEPARTWENT =

e

 LOW GROUP TRANSMITTING CKT. .

" CHANGES A
D. DESCRIFPTION OF CIRCUIT CHANGES

D.1 Rating was changed from "AT&TCo.
Provisional®™ to "AT&TCo. Standard®,

All other headings under "Changes," no
cﬁaage.»

1. PURPOSE OF CIRCUIT -
1.1 This circuit provides modulation of

the high group band of chamnel fre. .
lace it in the -

 he3

quencies (164~260 ke) to
low group band (44140 ke), This low
group is then amplified for transmission
on the cable. A contrellable amount of
' noise is added to the signal to provide
proper masking of intelligible system
crosstalk. A 3700=-cycle oscillator to
supply the signal tone for the channel
unlts is included in the same unit.

2, WORKING LIMITS
2.1 None.
. 3e FUNCTIONS

3.1 Inverts the frequencies received

from the chanuel units as the high
group band {164-260 ke) to the low group
band (44-140 ke) by modulating the re-
celved high group with the 0k-ke car-
rier oscillator.,’

3.2 Generates the 30L-ke carrier réw
quired for the modulation process
described in paragraph 3.1.

© 33 Amplifies the modulated gignals
in the Lh-liD-ke band.

Generates and iatroduces a masking
noise into the transmitting pathe

3k

3.5 1Introduces a fixed amount of pre=

equalization (+7 db).

3.6 Provides uesns of obtaining a 6 db
: excess gain in the amplifier when
reqairﬁé, N :

347 Provides means of supplying posi-
tive voltage to an adjacent re ;

peater station when required. The nege

- ative voltage is supplied through the
 éssoclaved high group receiving circuls,
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~of this circult contains the

6.

© former (T2).
. the over-all system noise as requirsd to

CD-95129.01  °
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HONE

3.8 Provides means for making filament .
sctivity testa and for measuring
the space currents.

349 ‘Generates a 3700-cycle tone re- :
quired for the signaling cireuit =
of the channel units, e

ke CONNECTING CIRCUITS et
kel Channel Unit Circuit - SD-95118-01.

Le? ﬁggiicatian Schematie £§r'?er§£ha1~ :
' 3b=95121-01. ‘ -

High Group Receiving Circuit B
SD=95130-01, , :

DESCRIPTION OF OPERATION

5. | GEMERAL

The low group transmitting eircuit
is made up of two subunits, One subunit
noige genw
erator, equalizer, modulator, band-pass
filter and amplifier, The second sube
unit contains the 30L-ke carrier oscile
lator and the 3700-cyele signal tone ose
cillator. The complete unit when assom.
ciated with a high group receiving ,
circuit constitutes the terminal group
equipment.

FILTER, EQUALIZER AND NOISE ﬁE&ER&?ﬁa'

Signals received from the channel
units, are fed through low=pass filter .
(FLL). This filter suppresses unwanted
frequencies lying above the high grnng
band. The wide band noise generated in
vacuum tube (V1) is introduced into the
transmitting path at the output of transe
This noise is used to raise

mask intelligible ecrosstalk., The channel
signals combined with the noise pass
through an equalizer (EQL) and (EQ2).
This equalizer inserts a fixed amount of
predistortion which preequalizes approxie
mately one-half of the slope in a regsas
ter section so that the maximum leve .
difference between the highest and lowest
channel frequencies is about halved, From
the equalizer the signals pass to the
pr§§a§§1¥inéing of the modulator input

&3 ® « to
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Thermal noise generated in grid leak
resistance (R7), plus the internal ncise
of vacuum tube (V1) is amplified by the
tube and applied at the primary of input
transformer (T2) from the plate of tube

- (V1). The plate and screen supply for
tube (V1) is received through resistances

{R23) and (R24) with condenser {C3) pro-
viding filtering to ground and plate
circuit by-pass to cathode. The plate
is fed through the primary of trans-
former (T2) and the screen through the
(NOISE) potentiometer., This potenti-
ometer controls the noise output of the
tube, Condenser (Cl) provides screen-
to-cathode by-pass. Resistance (R8)
by-passed by condenser (CL) provides
cathode bias for tube (V1). The space
current for tube {V1) can be measured
between test jack {FIL ACT 3 and 6).

7+ VMODULATOR AND LOW-PASS FILTER f?ig;ll

_ The signals coming from the equale
izer (EQL) and (EQ2) enter the modulator
¢ircuit at terminals 6 and 4 or repeat=
ing coil (T1). Signals during one=half
cycle of the carrier frequency flow
directly to repeating coil (75) through
1-2 and 5«4 of the wvaristor unit, while
in the alternate half cycle of the car-
rier the poling is reversed in that the
signals flow through 6-5 and 2-3 of the

- varistor unit and in an opposite direc-

tion through repeating coil (T5). This
poling reversal at carrier frequency
produces lower and upper sidebands which

© flow out of the (T5) repeating coil.

The carrier, which is generated in the
304~ke oscillator (described in DPaTa-
graph 9), is introduced at the mid-points
of the {T1) and (75) repeating coils
facing the varistor unit, With this
modulator configuration the input sige
nal is, to tine degree of modulator
balance realized, excluded from the oute
put branch, the modulated signal ex-
‘cluded from the input branch and the
carrier is excluded from both the input
and output branch, being balanced out
in the local path through repeating
eoils (T1) and {T5) and the varistor
unit, Of the medulation products Pro=
Jduced by the varistor, the lower sides
band {44-140 ke) is selected by the
low~pass filter (FL2) and {PL3} whieh
is inserted between the repeat coil (T5)
and the input transformer %és} of the
amplifier. Condenser (C2) is bridzed
across the low winding of the (T3) in-
put coil to improve its impedance,

8. ANPLIFIER CIRCUIT (Fig. 1)

The amplifier cireuit is generally
similar to that of the high-low re-

peater. The signal received from the

- output filter of the modulater is

stepped up by the input transformer

Page 2

(T3), Resistances (R10), (R11) and
(R12) make up an input feedback bridge
which provides a sultable termination

- for the input transformer. The sec~

ondary winding of the transformer is
connected to the control grid of tube
(V2) and through the feedback bridge
and resistance (R12) to the cathode,

-Resistance (R13) by-passed by condenser

(C6) is the cathode bias resistance,

The first stage, tube (V2), is impede
ance coupled to the second amplifier
tuhe,{¥3§,hy means of retardation coil
(L1}, condenser (C8) and grid leak rew
sistance (R15). Resistance (R16) is

the cathode bias resistance for tube {(vii
The plate of the second tube delivers
the amplified signal to the line through
the output transformer (T4)., The mide
point of the transformer low winding is
used to transmit or receive power over .
the line, when desired, longitudinal

?cita%es being suppressed by retardation

coil {L3). Condenser (Cl0) is bridged
across the low winding of the trans-
former to improve the impedance facing
the line. The hybrid eoil arrangement
of the output transformer (T4), toe
gether with resistance (R21) forms the
output feedback bridge which is connecte
ed to the input feedback bridge through
the "Beta™ circuit. Condensers {(C7)
and {S?%hare provided for dec insulae
tion. e "Beta" circuit consists of
resistances (R22), (R20), (R19) and
(R17). Proper strapping of resistances
(R20) and (R19) is used for manufacture
ing adjustments of amplifier gain.

The plate power sup ly 1s introduced
through resistance (R23) with condenser
(Cll) for filtering. The plate and
screen of the first tube are supplied
through resistance (R14), filtering cone
denser (C5) acting at the same time as
screenwto-cathode by-pass. The plate
is fed through rétardatica’ecil.%zl},

through retardation coil {L2
screen-being supplied through resistance
(R21), which is part of the outer feed=
back bridge, with condenser (C7) provide=
ing screenwto-cathode by-pass, The
plate is fed through the high winding
of output transformer (Th)., Retardation
coil (L2) prevents an a-c short of the
"Beta" circuit-through condenser {Ccll),
The space current of the tubes can be
measured between test jacks (FIL ACT 1
and 2) for the first stage, and between
Jacks {5 and L) for the second -stage,

9. OSBCILLATOR CIRCUIT (Fig. 2)

- For the second stage the supfiytiassss,
; the

The 304-ke carrier supply oseillator

is .2 crystal controlled oseillator.  The

oscillating cireuit utilizes the grid; - -

screen and cathode of tube (V40) as &
triode oscillator. The screen grid of

~ g
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tube (V4O) is coupled back to the cone.
trol grid through condenser (CLO}, ery s~

o val {I60) and resistance (RB45), the late.
ter preventing unwanted high frequency

oseillations. The resistance (RLO) and
condenser (CL2) parallel combination,

L together with condenser (CL0) provide
s voltage division determining the amount

£ feedback to the control grid. The
output of the oscillator is delivered
from the plate of the tube to the

"fri&ary winding of output btransformer

T40) which is tuned to 304 ke by conie

- denser {CL7) to provide harmonic dis-
¥ erimination. The oseillator output is
fed from the secondary of the trans-

former to the harmonic suppression fil-

ter, retard coil (L40), condensers {ﬁ#??f

and (C4l), hence to the midepoints of

the repeating coils (T1) and (T5) in

?iga 1.
The plate is supplied through ree

_. Sistance {R4L) with condenser (C48) file

tering and also acting as by-pass to

-ground of the plate circuit. The plate
v is fed through the primary of repeating
coil (T40). The screen is supplied
' through resistances (R42) and HL3}
" which with condenser {CLE} provide file
, tering. Condenser (CL5) provides
_ screen-to-cathode by-pass., The scathode
- of the tube is a-c grounded through
* condenser (CLL)}, Space current for

tube {V40) can be determined by measur-
ing the voltage across resistance (R41)
between test jacks (FIL ACT 1 and 2},

10. 3700 CYCLE OSCILLATOR CIRCUIT (Figa)

10401 This circuit is a Wien bridge
ogcillator. One arm of the

*"ﬁriéfe is composed of condensers {Cs1),
an

(C52] and (C53) in parallel with re.

sistances (R51) and {B59). (B51) is

* returned through a 4 wf condenser ex- -
"0 kernal to this circuit (C8 of
Y, SD=95121-011, "Application Schematie

for Terminal®}, Condenser {C53) is

© " 'the variable frequency tuning element.
"’ The second arm of the bridge consists

of condenser (C50) in series with rgm
sistance {(R50)}. The frequency of os-
cillation is determined mainly by

these two arms., The third arm of the
bridge is the thermistor (RT40), and the
fourth arm consists of the series come .

. bination of resistances (R53) and ,
{R54) shunted by the series combination

of resistance (k56) and condensers
{(C56) and (C58),

10.02 The output terminals of the
bridge are comnected to the grid
and cathode of the first section {Vv414)
of double triode (Vil). The cathods
and plate of the second section {(viim)
of the double tricde are couplad back
to the input terminals of the bridge,

30 that the bridge is_;geia&ﬁé iﬁithﬁ
feedback eirouit, The bridee is always
sper&taéﬁslightiy unbalanced., ©

- 10.03 Thermistor (RT40) limits the

- amplitude of oscillation to the
linear portions of the double tricde
chayac%sﬁés;ies,ﬁy adjusting the bridge
balance as oseillations initially build
up. This provides a signal with low
harmonic content, The thermistor
(RT40) also stabilizes the output volte
age amplitude against variations in.
load impedance and supply voltages by .
ausomatically adjusting bridge balance

to maintain constant output voltage, .

10.04 The control grid of triode sece
tion {VA1A) is connected to the

“Junction of the first two bridge arms
* through resistance (R52) to prevent
- spurious oscillations, Bias voltage

for triode section (V4IA) is obtained

by a balance bstween two opposing IR
drops. Resistance (R51) and (R59) are

in series across the =40 volt battery

and hold the grid 8%t ~20 volts with roe
spect %o ground potential, Resistances
(R53) and (R54) pass the cathode cur- '
rent and produce about 17 volts between .
cathode and ground, thereby placing a .

‘net operating bias of about «3 volta on

tube section (V4lA).

40,08 ‘?he'ém§lifiaé bridge output volte

- 8ge Appears across resistance ,
(R62), the plate load resistance of
triode section (V41A). Resistance (r62) -
is returned to the cathode of (VRIA) :
through by-pass condenser (C58). The Bwg
voltage across (R62) constitutes ong

 component of ths voltage applied bew

tween grid and cathode of triode section
(V41B), The other component is the awe
voltage across the series combination

of resistances (R53) and (R54). These
two components add in series through
by-pass condenser (C58) and the net aw-g
voltage is applied between the rid and
cathode of triode section {?&iBf;

10,06 The a-c voltage across resise

( tances (R53) and {R5L) is of
Opposite phase to the a-c voltage across
resistance {1 2}, so that the amplitude
of the net voltage applied between _
and cathode of triode section (V41B] is
the difference between the amplitudes

of the two components. The.a-¢ voltage

‘across {R62) is slightly greater than

that across (R53) and {R54), so that
the net voltage is of proper phase to
maintain oseillations, The effect of
the bucking voltage across (R53) and
(R5L) is to increase the percentage
variation of the net voltage amplitude
for a given change in bridge balance,
Thug less change in bridge balance is
required to correct for a given change

Fasu’:)
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in outbut veltage, and §§§§§%ﬁ§? stam
bility iz thersiore snhanced.

10,07 Condenser {(055]) is the grid-

, 5%&&31&5% condengsr for tricds
section (V2B]l.  Hesistanee {057} ie fo
prevent high frequeney spuriocus ose¢il-

lation. Resistance (R58) provides a
© . dee return path for the grid, and
~ pathode resistances (R&60) and {RE1})

: ~develop bias for the ocutput stage. Hew
; sistance (H56) in the d-c plate supply
[ path to triode section {(VL1A} is necese
sary Lo pravent an &-¢ short-circuit
across the bridge arm containing {B53)
‘and {R3L). This circuit condition re-
sults from the grid and cathode of
[V414) and the plate and cathode of
{V41B) being coupled to the bridge oute
put and inpubt terminals respsctively.

~10.08 The feedback of the cireult iz
obtained by connecting the
plate of triocde section {VE1E) back to
the bridge through resistance [R63),
potentiometer (ROL) and blocking cone
denser (CU5L). Resistanece {H55), in
conjunction with condenser §§§é§ and
condenser {(C8) of the terminal applicae
tion schematic, filters the 130 vol:
supply and provides iscolation from
other circuits connected Lo the 130
yolt battery. Condenser {$56) also
acts a8 the plate cirecult by-pass
for triode secbion (V41B).

R S

; © 10,09 Oscillsbtor output is taken
S , from the plate circuit of
i (VL1B) through transformsr {(Thl].
The balanced secondary of [T4l)
- : is connscted Lo glag terminals
; {PB12) and (PBLl4) and to wvaristor
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rectifier (CRLO), which supplies
ractified current for operating an
external 3700 cyele alarm relay.

10,10 Resistance (R55), in conjunce
tion with the leakage re-
metancs of transformer (T41l}, attens
uates the higher hamonics of 3700 '

cyeles, This registance also im-
proves bransient bshavior and re-
duces changes in frequency with load

;a?iaziéns by acting as & minimum
cad.

10,11 Space current for the two -
. triode sections can be measured -
between test jacks (Fil. Act 3 and 4)
for (V4L14) and betwsen jacks (5 and &)
for (V41B}. :

1l. FILAMENT CIROUIT {Fig. 2]

The filament supply is obtained
from an offlce L8-volt battery through
8 resistance, sxternal to this circuis,
dropping the voltage to approximately
40 volts.

The filaments of tubes (V1), {(V2)
and (V40} in paraliel are in series
with the paralleled filaments of tubes
{(V3) and (V4l).

The reduction in filament current
for filament activity tests is obtained
by bridging 2 sultable resistance across
vest jacks (FIL ACT TST 1 and 2} for
subes (V1), (¥2) and (V40) and across
gacks {FIL ACT T3T 2 and 3} for tubes

V3)} and {Vil}. The same test points
are used for the assoclated high group
receiving cireuit, to the filament cirs
cult of which they are externally con-
nected,s .




