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JACOB S JAMMER, 0¥ NEW YORK, N. ¥, AND CHARLES W. GREEI\T, oF 'MILLBURN,
NEW JERSEY, ASSIGNORS TO WESTERN ELECTRIC COMPANY, INCCRPORATED, ‘OF
NEW.YORK, N. ¥, A CORPORATION OF NEW ZOREK.

 TWO-WAY REPEATER.

Application field June 30, 1824, Sexial No. 723,165,

"Thiz invention relates.to two-way ampli-

“fying repeaters adapted for use in multiplex’

" carrier current signaling systems.
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An object of the inventlon is to produce
an efficient and economical two-way repeater.

A related object of the invention is to In-
crease the gain and level of a two-way am-
plifying repeater. .

Repeaters .of this type are employed in
multiplex carrier current telephone and tele-
araph systems operated on a group ire-
quency basis wherein the different channel
frequencies for transmission in one direc-
tion are grouped in a different irequency
range from that employed for transmission
in the .opposite: direction. - ‘ :

The attenuation of currents of carrier fre-
quencies resulting through their transmis-
sion. over long distance lines is much greater
than those of voice frrquency, and the suc-
cessful operation of carrier systems has here-
tofore depended on the use of repeaters at
comparatively frequent intervals on the line.

The number of repeater points required
in such a system may be reduced by increas-
ing the amplification or gain of-the individ-
~ual repeater amplifiers, which are nsually of
“the three-element vacuum tube type. How-
ever, merely increasing the ‘amplification in
repeater circuits of the types heretofore
%known, beyond a certain load limit, offers
no advantage, since as the load is increased,
tubes of greater load capacity are required
with consequently greater initial cost and
greater maintenance costs.

This invention. reduces the number of re-
peater points in a commercial carrier cur-
rent signaling system while at the same time
actually reducing the number of amplifiers
‘employed in the system so that a large geo-

-eraphical distance is spanned with a greater .

cconomy of apparatus than has heretofore
been thought possible. . . .
According to a feature of the invention
the gain and level of a repeater are mate-
rially increased by arranging the amplify-
ing structures in a novel manner to give in-
crensed economy and efficiency of operation.
A common amplifier is provided for the two
groups of frequencies for one stage of am-
plification, and individual amiplifiers dre
provided for each group for another stage

of ampliﬁcétién'. Each amplifier, may bé

utilized to its full capacity, the second stage

amplifiers operating at a higher level than
the first stage amplifiers. By suitably divid-
ing the load between the individual ampli-
fiers and the common amplifier for the two
frequency groups, the same gain can be ob-
tained with the same quality of transmission

“but with o smaller number of amplifiers.
vention will be described as.applied

The i
to & multiplex carrier current telephone sys-
tem, aithough it will be understood that it
may siso be appiied to other signaling sys-
tems. ' '

The invention
modifications whi
ticular type of car
repeater is to be employed. Certain modifi-
cations, for example, may be particularly
adapted for use in the well-known carrier
telephone suppression system, that is, the
system in which the unmodulated ecdrrier

is susceptible of warious
h are suited to the par-

component is not transmitted, while other

modifications are especially suited for use
in earrier telephone systems in which the
unmoduiated carrier component is transmit-
ted along with side band components.

The various features and advantages of
the inveéntion will appear-from the follow-
ing description and the accompanying draw-
ings in which: : . '

Fig. 1 is a diagraminatic view illustrating
a terminal station of a carrier suppression
telephone system. - :

l
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rier system in which the

‘Fig. 2 is a diagrammatic view of a carrier = .

invention. - .
Fig. 3 is a diagrammatic view illustrating
a modification of the system of Kig. 2.
Fig. 4 shows curves illustrating the oper-
ating levels of the repeaters of Figs. 2 and 8.
Reference will first be made to Figs. T and
9, which, when placed side by side with Fig..
1 at the left, represent the west terminal

.station and a mid-line repeater of a carrier

telephone system interconnected by the mul-
tiplex line ML. : _ C

The usual east terminal station, which is
identical to the west terminal station shown
in Fig. 1, is omitted for the sake of simplic-
ity in the description. :

The terminal apparatus at the west sta-

‘telephone repeater station embodying the
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tion compﬁses a plurality of transmitting
channels TC,, TC, and TC,,  connected

through a common transmitting circuit TL-

to the main line ML, and a plurality of re-
celving channels RC,, RC, and RC,, con-
nected through a common receiving circuit
RL to the main line ML,

Carrier currents are utilized for transmis--

sion over the line ML and are grouped as to
their frequencies, the higher frequencies, as a
group, being used. for transmission from
west to east, and the lower frequencies, as a
group, being used for transmission from east
to west. o

A high pass grouping filter HP is paired
with a low pass grouping filter LP at the
terminal stations. These filters serve to sep-
arate the directional groups of carrier waves
to the respective terminal transmitting and
receiving circuits. These filters and each -of
the other filters shown throughout the sys-
tem may be designed in accordance with the
principles set forth in the United States pat-
ent to Campbell, No. 1,227,113, issued May
22, 1917. Specific types of both high and
low pass filters are shown for example in
Fig. 11 of the Campbell patent.

Low frequency lines L, I, and I,, which
may be telephone lines or other types of
signaling lines, are associated with channels
TC,—RC,, TC,—RC, and TC,—RC,, re-
spectively, for simultaneous, and independ-
ent communication over the line ML with
corresponding similar lines-at the east sta-
tion (not shown). _ : :
- The low frequency lines are provided
with balancing artificial lines or networks
Ny, N,.and N,, respectively, and with differ-
ential repeating coils H,, H, and H,, com-
jmonly known as hybrid coils for enabling in-
dependent transmission in tlie two directions
between the line and the high frequency ter-
minal apparatus. ' i

Transmitting channel TC, includes a mod-
ulator M, and.a band filter TBF,. Simi-
larly, transmitting channel TC, includes a
modulatoi 3, and a band filter TBF,, while

channel TC, includes a modulator M, and"

a band.filter TBF.. , .

Receiving channel RC, includes a denrod-
ulator D, and o band filter RBF,. = Simi-
larly, channel RC, includes a demodulator
D, and a band filter RBIF,, wliile channel
RC, includes a demodulator D, and a band
filter RBF,. .

The modulators associated with the va-
rious transinitting channels throughout the
system ave of the balanced type disclosed in
the U. S. patent to Carson, No. 1,343,306,
issued June 15; 1920, designed to suppress
the unmodulated carrier from transmission.
The various demodulators may be of the
-well-known  vacuum tube - detector type
shown in Fig. 49 of an article entitled “Car-
rier current telephony and telegraphy” by
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Messrs. Colpﬂts and Blackwell published in

‘the Proceedings of the American Institute

of Electrical Engineers, vol. 40, 1921, -

- The earrier system outlined above. is, as™

stated, of the type in which the carrier wave
of each chanunel is suppressed from transmis- -
sion when no signals-ave being sent, and
when signals are being transmitted, modula-
tion components of the modulated wave ave
sent over the liné, but no unmodulated com-
ponents of the carrier wave are transmitted.
In order to reproduce the signal from modu-

Jated waves of this character, it is necessary

that the carrier wave supplied to the de-
modulator-at the receiver be of substantially
the same frequency as the carrier wave
which was suppressed at the transmitter. A
system of this general character is described
in connection with Fig. 49 of the Colpitts
and Blackwell article, supra. S

Carrier currents of the frequency assigned
to channel TC, are'supplied from a source
TO, to the modulator M;, wherein they are
modulated by voice frequency currents of
other signaling currents fronr the low fre-
quency L,. Carrier sources TQ, and TO,
are similarly. associated with modulators M,
and M, respectively, while carrier current
sources- RC,, RO, and RO, are associated
with demodulators D,, D, and D,, respec-
tively. : :

As noted-above, the carrier current sources
ROy, RO, and RO, are necessary to supply
to the incoming side bands in each receiving
channel ‘the cairier current which was sup-
pressed at
nel.

_The ‘various band filters associated with
the terminal transmitting and receiving
channels are so designed that they will trans-

‘mit one of the side bands, either the upper

or lower as desired, produced by modulaticn

of such band.- ,

“Voice frequency currents originating, for
instance, in the low frequency line L, at the
west station pass through the associated hy-
brid coil H,, into the modulator M, in the
transmitting channel TC,. There is likewise

~fed into the modulator the carrier current

from the oscillator Q,, as describid above.

Of the components of modulation appearing

in the outpup circuit of the modulator M,,
the tranismitting band filter TBF, suppresses
all cexcept one side band, for example the
upper side band, which it transmits or passes
into the common transmitting circuit TT..
The currents so transmitted from channel
TC, and ‘the other transmitting channels
then pass through the high pass grouping
filter HP to the multiplex line MI and
thence through the repeater station to the
east terminal where they are picked up by
the high pdss grouping filter thereat and

.
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the transmitting end of the chan- -

“in the respective channels, and will suppress . .
- from transmission frequencies lying outside -
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are thence transmitted to the respective re-
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" amplifiers are employed in each of the paths .

‘mitted from west to east, and a
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ceiving channels. :

Currents incoming at the 'west station pass

‘through the low pass grouping filter LP

to the common receiving eircuit RIi, whence
they are selected by the respective receiving
band filters for transmission te the respec-
tive low: frequency lines. Currents passing
through receiving band filter RBF,, for ex-
ample, are combined in demodulator D, with
carrier waves from source RO, and the
voice frequency components of demodula-
tion appearin 1
transmitted through hybrid coil H, to the
low frequency line Li,.

_ Fig. 2 illustrates a two-way repeater which
is adapted to connect. the -vest and cast

‘transmission’ line sections W and E. This

repeater provides two stages of amplifica-
tion in which a common amplifier is em-
ployed for the two groups of frequencies
for the first stage of amplification, and indi-
vidual amplifiers are employed for each
group for the second stage of amplification.

As pointed out above, the currents trans- .

mitted from the west station, which are im-
pressed upon the repeater {rom line section
W, are comprised in a’ higher frequency
group than those transmitted from the east
ctation which are impressed upon the re-
peater from line section E.

The repeater consists of upper and lower
repeater branches, which include one-way
selective paths for each of the frequency
These selective paths include fre-

* groups. :
quency discriminating’ filters which direet

the incoming currents through the proper
repeater channels.w One amplifier . 1s em-
ployed common to both of the selective paths
for one stage of amplification’ and separate

for the second stage of amplification.

The upper branch of the repeater includes
a high pass input filter HPIF designed to
pass frequencies of the upper group trans-
low pass

" input filter LPTE. designed to pass frequen-

LY
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cies .of the lower group tramsmitted. from
east to, west. ’ C B

A common amplifier CA has its input
circuit coupled by means of a transformer
5 to the-upper branch of the repeater at a
point intermediate the high pass input- fil-
ter HPIF and the low pass input filter
LPIF. The output circuit of amplifier CA
is cotipled to the lower branch of the re-
peater by means of a transformer 6. The
amplifier CA comprises two vacuum tubes
of the three-element electron discharge type
arranged in a so-called “push-pull” circuit
<o that distortion is practically eliminated.
The principles of the push-pull type of cir-

“euit diccussed at length in the United States

Patenit to Hartley, No. 1,494,905, issued May
20, 1924. o

put and

in receiving channel RC, are.
WA, and a low pass grouping filter LPGEF .

The lower branch of. the repeater contains -
‘an amplifier WA for amplifying currents

transmitted -from west to east, and an am-
plifier - EA for amplifying
mitted. from east to west. In order to pro-
vide proper frequency separation. between
the upper group of frequencies to be trans-

currents frans-.

mitted through amplifier WA and thelower :

group of . frequencies to be transmitted

_through  the amplifier EA, a high pass

grouping filter HPGF and a high pass out-
put filter

output circuits of the amplifier

and. a low pass output filter LPOF are simi-

Jarly. associated with the input and output

circuits of the amplifier EA. o
Tt will be seen from the above that the

repeater shown in Fig. 2 includes .one-way.

selective paths. for each of the freguency
groups. Currents incoming from the line
section ‘W pass through the high pass input
filter HPIF and are amplified in the com-
mon “amplifier CA. Currents of this par-
ticular group of frequencies appearing In

“the output of the amplifier CA are selec-

tively passed through the high pass group-
ing filter HPGF to the west to east ampli-
fier WA, and thence through the high pass
output filter- HPOF to the line section E.
The currents comprised in the lower group
of frequencies incoming from.the line K
pass through the low pass input filter LPIF
and are likewise amplified in the common
amplifier CA. These currents are' selec-

“tively passed through the low pass group--

ing filter LPGF to the east to west ampli-
fier EA, whence' they are transmitted
through .the low pass output filter LPOF
to the line section W. '

The electrical and economical advantage

.of the above-described amplifier may beseen
from a consideration of the curves of Tig.

4, in which energy level is plotted against
distance. . ‘ '
The curve A of Fig. 4 represents the en-

HPOR are associated with the in- .
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ergy levels at which it has heretofore been

possible to transmit currents between fer-
minal stations W and E, while curve B
vepresents the energy. levels at which it is
possible to.transmit the currents between
the same terminal stations in accordance

with this invention.  In both cases, the fig--

ures herein given are representative of a
three-channél ¢arrier telephone suppressicn
system of the. type described above, stations
W and E being identical to the terminal
station shown in Fig. 1. While these curves
illustrate transmissions from station W to
station E the same conditions apply to
transmissions in the opposite direction.

Tt is customary in carrier current tele-
phone practice to speak of the energy levels
at which the carrier currents ave transmitted
in terms of miles of standard cable over
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which the currents -are transmitted at 800
cycles per second, The formula for miles,
gain or loss, as the case may be, may be rep-
resented as follows: .

M=21.12 log 2
2

where 4, represents the input current on
the line, and 4, represents the output on the
line. For practical purposes it is customary
to designate a point on the vertical scale
of Fig. 4 as the zero level or zero miles
gain from which the remainder of the scale
may be calibrated. The point on the scale of
Fig. 4 corresponding to zero miles repre-
sents an energy level of 4 mils in a 600 ohm
cireuit, or .01 watt, for a single channel sys-
tem. For a three-channel system such as
that herein deseribed, however, zero miles
represents an energy level of 6.8 mils in 2
vireuit of similar impedance.

In three-channel ecarvier telephone sys-
tems it has been customary to impress the
currents -upon the transmission lime at a
level of plus 10 miles, or about 20 mils, as
shown by the curve A, which shows the
energy level at which the catrier currents
are impressed upon the line at station W.
As shown by the curve A, there is a consid-
erable loss in energy caused by the attenua-
tion of the carrier currents as they are trans-
mitted over the main line. At a point 150
geographical miles from station W, the en-

‘ergy level has been reduced to —80 miles,

or about .25 mils. At this point it becomes
necessary to insert an amplifying repeater
on the Iine since any further substantial loss
would reduce the carrier currents to the
noise level on the line. The repeater R,
is, therefore, inserted to raise the level of the

_carrier currents back to plus 10 miles, or
about 20 mils. It will readily be seen, there-°

fore, that due to the attenuation of the car-

“rier currents two repeaters R,, R,, must be

inserted between terminal stations W and
E on a line 450 miles in length. . »
In accordance with the invention the car-

-rier currents may be transmitted over the

system at high energy levels with a greater
economy of apparatus than has heretofore
been thought practicable. The carrier cur-
rents may be impressed upon the line at a

. terminal station, for example at station W,

at an energy level of plus 30 miles by means
of high power amplifiers. and these currents
do not require amplification until they have
been reduced to a level of —80 miles, at a
point 225 geographical miles from station
W. At this point the repeater R,, identical
fo that shown in Fig. 2 is inserted orn the

line. The carrier currents transmitted from
- station W in passing through the common”

amplifier CA are raised to an energy level of
plus 10 miles indicated by the line @, with-
out overloading this amplifier, and are then

1,858,838

further raised from an energy level of plus
10 miles to an energy level of 30 miles indi-
cated by line Y, in the amplifier WA, which
amplifier operates at higher ener%y levels
than the amplifier CA: This amplifier, for
example, and also amplifier EA, may con-
sist of larger tubes than those employed in
the amplifier CA of this figure. At the same
time, carrier currents transmitted from sta-
tion E to station 3V arc amplified in the com-
mon_amplifier CA and in the east to west
amplifier EA at the repeater point R,.

The above-described arrangement pro-
vides a repeater which may be economically

manufactured and maintained. In the sup-

pression type carrier system which is illus-
trated in the drawings the load on the com-
mon amplifier CA would never be greater
than the total number of one-way channels,
because while it is possible te transmit in
both directions, the parties at the ends of
a circuit do not talk simultaneously.

The repeater illustrated in Fig. 2 is also
adapted for use in carrvier telephone systems
in which the carrier is continnously trans-
mitted throughout the system. A system of
this general type is described in connection
with Fig. 42 of the Colpitts and Blackswell
article, supra. Ih.such a system, the carrier
currents transmitted in both directions, to-
gether with their upper or lower side bands,
are amplified in the common amplifier CA,

which operates from the relatively low in--

coming level, and can therefore be of rela-

“tively small load capacity. For the second

stage of amplification, the directional groups
of carrier currents divide, the higher group

of frequencies being transmitted through

amplifier WA and the lower group of fre-
quencies being transmitted through the am-
plifier, BWA. These two amplifiers operate
from the output level of amplifier CA and
are of correspondingly greater load capacity.

Fig. 3 shows a modification of the repeater
of Fig. 2 in which individual amplifiers are
employed for the upper and lower groups of
frequencies for the first stage of amplifica-
tion and a common high power amplifier is
employed for the two groups for the second
stage of amplification.  This repeater is best
adapted for use in systems in which the un-

-modulated carrier component is suppressed.
‘The currents comprised in the upper fre-

(quency group incoming over the line section
W are transmitted through the high pass in-
put filter HPIE, west to east amplifier
WA, high pass grouping filter FIPGF, com-
mon amplifier CA, high pass output filter
HPOF to line section E. The currents
comprised in the lower frequency group in-
com'ng from line section E pass through the
low pass input filter LPIF, the east to west
ampifier KA, low pass grouping filter
LPGF, common amplifiet CA; low pass out-
put filter LPOF to line section W. .
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The curve of Fig. 4 which was used to
illustrate the operating level.of the repeater
of Fig. 2 is equally applicable tq the repeater
of Fig. 3. In the case of the repeater of
Fig. 8, referring particularly to west to east
transmiss’ons, the west to east amplifier WA
at repeater point R, raises the level of the
currents _ transmitted - therethrough from

— 30 miles to plus 10 miles indicated by the !

line X, while the common amplifier CA
raises the currents transmitted therethrough
from a level of plus 10 miles to a level of
plus 30 miles, indicated at Y. :

o

In this type of system to which this re-

‘peater is particularly suited, as has been ex-
pluined in detail above, the carrier and one-

side band is suppressed and only the rela-
tively small upper or lower side bands are
transmitted. For this reason there is only
a very small load on the amplifiers WA and

T A, this load at no time being greater than

the total number of one-way channels since,
as pointed out above, the operators at the
ends of a cireuit do hot talk simultaneously.

The common amplifier CA is designed to op-
crate at a higher level than the amplifiers

WA and EA, the input currents applied to
this common amplifier being at a_level of
plus 10 miles, and the gain introduced. by
the amplifier raising the level of these cur-
rents to plus 30 miles. . ’
Aside from the economical advantages of
the invention, it will be seen that the total
amplification and total filter discrimination
of the repeaters of Figs. 2 and 8 are broken

‘up “nto successive alternate gains and losses,
¢o that the absolute gain or loss in any ‘one’

wnit is smaller than required in the usual re-
peater arrangement in which a single am-

employed in each
direction. . -

The invention set forth herein is, of course,
susceptible "of various other modifications
and adaptations. The figures given herein
are also to be taken as merely illustrative of
the invention and are not to he considered as

limiting its scope in any way.

What is claimed is: :
1. In a two-way repeater for wave trans-
mission systems comprising line sectjons for
two-way transmission in which the waves
transmitted in opposite directions are com-
prised in different frequency groups, a one-

way selective path interconnecting said line

sections for one of said. frequency groups,
another one-way selective path interconnect-
ing said line sections for the other of said
frequency groups, an amplifier common to
both =aid paths..and separate amplifiers in
each of sald paths. '

2. I a two-way repeater
mission systems comprising line sections for
two-way transmission in which the waves
transmitted in opposite directions are eom-

‘nected  between
branches for amplifying waves comprised in -

for wave trans- -

prised in different frequency groups, an in-
put and an output repeater branch, con-
nected to each line section, an amplifier
connected between said input and output
branches for amplifying wavés comprised in
both frequency groups, and separate am-
plifiers for each of said frequency groups in
one of said branches. i T

3. In a two-way repeater for wave trans-
mission systems comprising line sections for

two-way transmission in. which the waves

65
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transmitted in opposite directions are com- .

prised in différent frequency groups, an in-
put and an -output repeater branch. con-
nected to each line section, an amplifier con-
said input and output

both frequency groups, and separate am-

plifiers for each of said frequency groups in

said output branch.

4 In a carrier wave signaling system

80

in which the oppositely directed waves arve

comprised in different frequency groups,
two line sections, a two-way repeater hav-
ing input and output branches connected to

‘each of said line sections, a common am-.

plifier for all of said waves connected be-

90

tween said branches, grouping filters in each = -

of said branches, and amplifiers in said out-

put branch between the output of said com- _
mon amplifier and each of said line sections..

95

5. In a carrier wave signaling system in -

which the oppositely. directed waves aré
comprised in-different frequency groups, two
line sections, a two-way repeater having in--

put and output branches connected to each
of said line sectioms, a common amplifier
for all of said waves connected between said
branches, grouping filters in said input re-
peater branch, and amplifier units compris-

g two wave filter sections joined by an-

amplifier disposed in said output repeater
branch between the output of said common
amplifier and each of said line sections.

100

-6. A repeater system for through repeat- -

ing between two two-way transmission lines
comprising a pair of oppositely directed one-

_way transmission branches connected to each

line, a conmon one-way path connected be-
tween the incoming and the outgoing
branches, a common amplifier in said com-

mon path and other amplifiers in certain

of said branches, said ‘amplifiers in said
branches operating in tandem with the am-
plifier in the common path and adding their
respective amplifications to that of said com-

mon amplifier whereby the added gain of

each one-way branch over that furnished

by the common amplifier is determined by

the amplifier individual to the branch.
In witness whereof, we hersunto subscribe
our names this 16th day of June A. D., 1924
: " JACOB S. JAMMER.
- CHARLES W. GREEN.
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