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YORK.

MULTIPLEX SIGNALING SYSTEM.

Appliéation filed July 29, 1921. “Sérial Wo. 488,297, ~

7o all whom it may concern:

Be it known that X, Joserr W. HorroN,
a citizen of the United States, residing at
East Orange, in the county of Essex, State
of New Jersey, have invented certain new
and useful Improvements in Multiplex Sig-

naling Systems, of which the following is a

full, clear, concise, and exact description.

This invention relates to a multiplex sys- .

tem employing a plurality of currents or
waves of different frequencies for the trans-
mission of signals or for similar purposes.

The invention provides a system of this

general character which is flexible in use
in that it may be readily altered to suit dif-
" ferent kinds and conditions of transmission;

which is adapted to work with existing sys--

" tems; and which is particularly efficient in
performing. the functions for which it was
created, which functions will be set forth in
the description to follow.

Its objects are obtained by novel associa-
tions of circuit elements-including particu-
larly filters or other selective circuits, sig-
naling - terminal apparatus, repeaters and
switching arrangements all of which may in
themselves be old but which unite in the sys-
tem of the invention in new ways to produce
desirahle results not heretofore realized.

In the- preferred embodiment of the in-

vention, multiplex signal transmission is ac-

complished over a common transmission
medium or line. Transinission of several
kinds of signals may be carried on at the
same time and in both directions through
the system, and these different kinds of sig-
nals and the different directions of trans-
mission” are distinguished by the difierent
frequencies that are employed. Wave filters
and tuned circuits are used to separate the
various distinctive frequencies one from
another, and a minimum number of such cir-

* cuits is used to separate efficiently the several

L
ot

o0

" rier  transmissions.

transmissions. Normally, transmissions of
an ordinary telephone line such as ordinar

telephone, Morse telegraph, and other signal-
ing currents within or below the ordinary
telephone range are separated from the car-
i he carrier transmis-
sions comprising telephony and telégraphy
are separated from each other. In some
cases certain -distinctive frequencies used

for carrier telephony are grouped with the
carrier telegraph distinctive frequencies for
selective purposes. Switching means permit
of increasing the number of carrier telephone

transmissions if for any reason the carrier

telegraph channels are in "operation at
the time.
. Other objects of the invention, and other
features of the preferred embodiment there-
of will appear from the detailed descrip-
tion of the system shown in the accompany-
ing drawing. - .
Figs. 1, 2, 3, 4 and 5, when arranged ac-
cording to Fig. 9, show one embodiment of
the invention in which Fig. 1 shows the car-
rier telegraph and carrier telephone appara-
tus at one terminal station; Fig. 2, the selec-
tive circuits at the same station; Fig. 3, the
apparatus and selective circuits at a mid-
line repeater station; Fig. 4, the selective
circuits at the other station; and Fig. 5, the

carrier telephone and carrier telegraph -

terminal apparatus at the other station;
Fig. 6 also shows the apparatus and selec-
tive circuits at a mid-line repeater station
which differs slightly from that of Fig. 3,
and may be substituted therefor to con-
stitute a modified system; Fig. 7 shows a
modified arrangement of terminal appara-
tus and selective circuits; Fig. 8 shows a
filter arrangement which may be substituted
for one of the filters of Fig. 7.

The invention will be more clearly under-
stood from a detailed desecription of the ap-
paratus and operation of its preferred em-

odiment in connection with the drawings.

Referring now to the system shown in
Figs. 1, 2, 3, 4 and 5 arranged according to.
Fig. 9, the terminal station of Figs. 1 and 2,
hereinafter called the west station, is con-
nected to the terminal station shown in Figs.
4 and 5, hereinafter called the east station,
by means of a common transmission line

‘ML. In the system under consideration, a -

mid-line repeater station as shown on Fig. 8
is connected into the common line ML,

The west terminal station is connected to
the common transmission line MLi by means
of a “high frequency composite set” com-

prising a high pass filter 26, and a low pass-

filter 27. These filters and others used
throughout this system unless otherwise spe-
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cifically mentioned are of the type disclosed
in G. A. Campbell Patent #1,227,113, May
22,1917, Filter 26 is adapted to pass with

iy

‘substantially negligible attenuation all cur-

rents having frequencies of 3,333 cycles and
above, and to greatly attenuate currents
having a frequency less than 3333 cycles,
while filter 27 is adapted to pass with sub-
stantially negligible attenuation all currents
having frequencies of 8000 cycles or less and
to highly attenuate all currents having fre-
quencies above 3000. Such an arrangement
of filters is shown in Fig. 15 of a paper en-
titled “Carrier current telephony and teleg-
raphy” by Colpitts and Blackwell, published
in the Transactions of the American Insti-
tute of Electrical Engineers, volume 40.
These filters serve to separate the normal
transmission of an ordinary telephone line
L? from the carrier transmissions of the car-
rier circuit CC2 _ :

In order to separate the carrier telegraph
transmissions from the carrier telephone
transmissions, filters 28 and 29 are provided.
Filter 28 is a low pass filter adapted to pass
with substantially negligible attenuation,
frequencies of 9080 cycles and under, and to

highly attenuate all frequencies above that

value. Filter 29 is a high pass filter adapted
to pass with substantially negligible attenu-
ation, frequencies of 10,000 cycles and above,
and to highly attenuate all. frequencies be-
low that value. These filters will herein-
after be called “carrier grouping filters.”
For ‘the carrier telegraph transmissions,
filters 30 and 81 are provided to separate
the frequencies used for transmission from

the west station from those used for recep-'

tion thereat. Filter 30 is a low pass filter
adapted to pass with substantially negligi-
ble attenuation, frequencies of 5500 cycles
and lower and to highly attenuate all fre-
quencies above 5500 cycles. - Filter 81 is a
high pass filter adapted to pass the fre-
auency of 6500 cycles, and all frequencies
above that value, and to highly attenuate
all frequencies below 6500 cycles. These
filters will hereinafter be called “carrier tele-
graph grouping filters,” '

Filters St to S5, inclusive, are provided to
separate the frequencies used for carrier
telegraph transmitting at the west station.
It is not necessary to use filters for this pur-
pose, and in the preferred form tuned cir-
cuits are used instead of wave filters to sepa-
rate the frequencies used for carrier tele-
graph reception. At the west station selec-

tive circuits R* to R® inclusive are employed.
" The carrier telegraph terminal apparatus .

shown in Fig. 1.is that required for one
duplex telegraph circuit and is similar to
the terminal apparatus shown in Fig. 55 of
the Colpitts and Blackwell paper,
The sending circuit, comprising the oscil-
lator O, amplifier A* gnd sepding relay 8, is

supra. -
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connected to the sending selective circuit S*
by conductors 5. The receiving circuit,
comprising amplifier A2, detector TD and
recelving relay 6, is connected to the receiv-
ing selective circuit R' by conductors 7.
The sending relay 8 and receiving relay 6
are associated with an ordinary Morse tele-
graph line 9 and an artificial line AL in
the well known manner for duplex oper-
ation. Similar carrier telegraph apparatus
may be connected to each of the other send-
ing selective circuits S? to S¢, inclusive, and
receiving selective circuits R? to R8 inclusive
to provide additional. carrier telegraph
channels. Selective circuits S° and R? may
be used to provide an additional carrier
telegraph duplex channel under certain cir-
cumstances which will be explained herein-
after.

Filter 32 is provided to separate the fre-
quencies used for carrier telephone reception
at the west station as a group from the
frequencies used for transmission from the
same station. This filter 32 is a low pass
filter adapted to pass with substantially neg-
ligible attenuation, a -frequency of 18,666
cycles, and all frequencies below that value
and to highly attenuate all frequencies
above that value. This filter will herein-
after be called the “carrier telephone group-
ing filter.” ,

The frequencies used by the several chan-
nels for carrier telephone transmission from

.the west station are separated from one an-

other by band filters 83 to 36 inclusive, and
the frequencies used for reception for the
several channels at the same station are
separated by band filters 37 to 40 inclusive.

80

90

10v

Each of these filters is adapted to pass with -

substantially negligible attenuation a band
of frequencies characteristic of the telephone

Aransmission of that channel and to highly

attenuate all frequencies outside of that
hand. - Band filters 36 and 40 are shown by
dotted. lines, since they are not used under
certain circumstances hereinafter to be de-
scribed.

The carrier telephone apparatus is similar
to that of Fig. 49 of the Colpitts and Black-
well paper, supra. An ordinary telephone
line I* is associated with a carrier telephone
transmitting circuit TC, and the carrier tele-
phone receiving circuit RC by means of a
conjugate transformer or hybrid coil 10
with the low frequency ‘balancing net N.
Transmitting circuit TC comprises 2 modu-
lator M and transmitting amplifier TA and
is connected to the transmitting band filter
33 by conduectors 11. The receiving circuit
RC, comprising a detector D, a detector
amplifier DA and a low pass filter LPF, is
connected to the receiving band filter 37 by
means of conductors 12.

For the carrier telephene operation accord-

ing to the system illustrating and ncw being
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described, each channel ‘is supplied with a
frequency which is a harmonic of a base
frequency which in this case is 3,333 cycles.
This base frequency together with the har-

- monics thereof is supplied by the harmonic

generator HG. .In order to transmit the
hase frequency to a distant station the base
frequency amplifier WTBA is provided at.
the west station and is connected between
the harmonic generator HG and the base
frequency selective circuit 33. If the base
frequency is to be received from the distant
or east station a base frequency selective
eircuit 84, a base frequency amplified WBA,
and. a harmonic regenerator HRG are pre-

“vided. For transmission purposes the mod-

ulator M is supplied with carrier current
of one carrier frequency by the sending har-
monic amplifier SHA while the demodula-
tor D is supplied with current of one car-
rier frequency by the receiving harmonie
amplifier RHA. It is understood that at
some suitable point in the. amplifier cir-
cuits SHA and RHA a selective circuit for
one particular carrier frequency is em-
sloyed, as for example between the ampli-
fier element and the branch HCW or be-
tween the amplifier element and the modu-
Iator or detector. It is not deemed neces-
sary to illustrate the details of such a cir--
cuit since it is well known. Similar send-
ing and receiving harmonic amplifiers and
selective circuits are provided for each car-
rier channel, All of these amplifier circuits
are connected in parallel to a common cir-
cuit terminating in the twin jacks J5 By
means of twin plugs P* and P2, and twin
conductor cord 13, twin jacks J® may be
connected either to the harmonic generator
through twin jacks J2 or to the harmonic
regenerator HRG through twin jacks J.
By means of twin jacks J* to J° inclusive,
and twin plugs P3 to P® inclusive and inter-
connecting two-conductor cords 85 to 87 in-
clusive, provision is made to ‘connect either
the carrier telegraph terminal alone, or the
carrier telephone “terminal alone, or both
the carrier telegraph and carrier telephone
terminals together to the common carrier
circuit CC% ~ The various connections will
be_described more in detail hereinafter.
Referring now to Fig. 8, line L® and the
common carrier circuit CC?® are connected

-to the common line ML by a high frequency

composite set to the main line ML at the
left, comprising the high pass filter 51 and
the low pass filter 52." Filters 51 and 52
are similar respectively to filters 26 and 27.
Carrier grouping filters are also provided
and comprise a low pass filter 53 and a high
pass filter 54. Filters 53 and 54 are simi-
la¥ respectively to filters 28 and 29 of
Fig. 2. For repeating carrier telegraph sig-
nals east and west repeater elements TRE
and TRW respectively are provifled. Re-

8

peater elements suitable for this purpose

are described in connection with Figs. 21

‘and 22 of the Colpitts and Blackwell paper,

supra. Carrier telegraph transmissions
east are separated from transmissions west
by low pass filters 55 and 56 and high pass
filters 57 and 58 respectively. Filters 55
and 56 are adapted to pass the same range
of frequencies as filter 30 of Fig. 2, and
filters 57 and 58, the same range of fre-
quencies as filter 31 of Fig. 2.

The carrier-telephone repeater elements
RE and RW are provided for repeating
transmissions east and transmissions west
respectively. These elements mav be similar
to repeater elements TRE and TRW of the
carrier telegraph repeater. High pass filters
59 and 60 and low pass filters 61 and
62 are provided to separate the carrier
telephone transmissions east from the
transmissions west. Filters 61 and 62 are
adapted to pass the same range of fre-
quencies as filter 32 of Fig. 2. Filters 59

-and 60 are adapted to pass all frequencies

from 21333 cycles upwards inclusive, and
therefore are adapted to pass all of the fre-
quencies which are passed by filters 33 to
36 inclusive of Fig. 2. The carrier group-
ing filters 63 and 64 separate the carrier
telegraph transmissions from the carrier
telephone transmissions on the right of Fig.
3. Filters 63 and 64 are similar to and
adapted to pass the same range of frequen-
cies as filters 28 and 29 respectively of Fig.
2. A high frequency composite set compris-,
ing high pass filter 65 and low pass filter
66 is provided to connect the common car-

80
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rier circuit CC* and the ordinary telephone

line L* to the common line ML.. High pass
filter 65 and low pass filter 66 are similar re-
spectively to high pass filter 26 and low pass
filter 27 of Fig. 2. Twin jacks J* to J*
inclusive on the left, and twin jacks J*® to

J2* inclusive on the right, and twin plugs
~P? to P4 on the left, and twin plugs P* to
P20 on the right, together with twin conduec--

tors 67 to 69 inclusive on the left, and.twin
conductors 70 to 72 on the right, provide
means for connecting: the carrier telegraph
repeater, and the ecarrier telephone re-

- peater to the common carrier circuits CC?

and CC* in several ways hereinafter to be
deseribed. o ‘ '
The east station is quite similar to the
west station. The high frequency composite
set comprising the high pass  filter 76
and the low pass filter 77 connects the
common carrier circuit CC® and the
ordinary telephone line I® to the com-
mon line MIL. Filters 76 and 77 cor-
respond respectively to filters 26 and 27 of
Fig. 2. Low pass filter 78 and high pass
filter 79 are the carrier grouping filters of
the east station, and correspond respectively

to filters 28 and 29 of the west station. Low 130
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‘pass filter 80 and high pass filter 81 are the

carrier telegraph grouping filters and cor-.
respond to filters 30 and 31 respectively of
Fig. 2. High pass filter 82 is the carrier
telephone grouping filter of the east station

and performs the same function as the low

pass filter 32 of Fig. 2. A high pass filter
such as 82 at the east, and low pass filter
such as 32 at the west station, are provided,
since of the carrier frequencies used for
telephone transmissions, the low frequencies
ave used for receiving at the west station
and the higher frequencies for receiving at
the east station, while the carrier telephone
grouping filters at both stations are located
in the common receiving branches.

It will be noted that filters 32 and 82 are
each in the receiving branch of their respec-
tive stations. One important purpose
served by these carrier telephone grouping
filters is the reduction of any tendency for
cross talk between the different channels
due for example to energy from any of the
transmitting circuits 33-—36 finding its way
through any of the receiving filters 37—40.
These receiving filters have their terminal

sections all connected to the common ter-

minal circuit, to the other Lranch of which
the transmitting channels are connected.
The currents impressed on this terminal cir-
cuit from the transmitting channels are of
relatively high amplitude and any filters
which are to be employed to keep these
currents out of the receiving channels must

5 offer very high attenuation to the currents

of these frequencies. If the channel filters
37—40 alone were relied on for this purpose
they must each be made to have very
high' attenuation to foreign frequencies
and this would incur considerable ex-
pense. However by using a grouping fil-
ter 32 of moderately high attenuation for the
transmitting frequencies, the channel filters
37—40 need have only moderately high at-
tenuation for foreign frequencies. [They
will then eflectively separate the received

frequencies which are of relatively low am-

plitude, and the attenuation which they offer
to the transmitting frequencies together
with the grouping filter 32 can still be very
high without necessitating’ the costly con-
struction required without the grouping fil-
ter.

Where several filters such as 37—40 are
>cnnected in common to a line it is difficult
1o make their total resultant impedance have
the desired value while still giving the indi-
vidual filters the most advantageous atten-
nation and impedance characteristics. A fur-
ther advantage of using a grouping filter
such as 32, therefore, is that in considering
the terminal impedance of the receiver car-
rier branch, the impedance of a single filter
instead of the impedance of a number of
filters together can be dealt with. For this

1,574,484

reason it may be advantageous at times to
use a grouping filter 82! in the transmitting
branch also, but since this filter would be
used largely for the sake of its impedance
characteristics and would not be as-impor-
tant on account of its attenuation properties
as is a grouping filter in the receiving branch
it could be omitted ordinarily from the cir-

cuit. A corresponding filter is shown at 821.-

Selective circuits ES* to ES° inclusive
correspond to the sending selective circuits
St to- S° of the west station and cooperate
with the ‘receiver selective circuits R* to
R® inclusive of that station. The receiving
selective circuits ER? to ER? inclusive of
the east station correspond to the receiving
selective circuits R! to R inclusive of the
west station and cooperate with the sending
selective circuits S to S° inclusive of that
station. The carrier telegraph terminal ap-
paratus of the east stafion comprises the
sending relay 101 associated with the os-
cillator O, the amplifier A* connected to the

70

76

80

86

tuned circuit ES! by conductors 83, and the -

rcceiving relay 102, detector TD receiving
amplifier A? connected to the receiving se-
lective circuit ER* by conductors 84. An
ordinary telegraph line 108 and an artificial
line AL are associated with the sending re-
lay 101, and receiving relay 102 by the well
known duplex telegraph circuit.

Band filters 85 to 88 inclusive are con-
nected in the transmitting circuits of the
several telephone channels and correspond
to band filters 83 to 36 inclusive of Fig. 2,
and cooperate with band filters 87 to 40 in-
clusive of Fig. 2. Receiving band filters 89
to 92 inclusive of the east station co1respond
to receiving band filters 37 to 40 inclusive of
the west station. At the east station the

ordinary telephone line is connected to the
transmitting circuit TCE and the receiving

circuit RCE by the hybrid coil 104 and its
balancing network N. “The transmitting cir-
cuit TCE and the receiving circuit RCE
are similar to the transmitting circuit TC
and receiving circuit RC respectively of the
west station and comprise respectively a
riodulator M and an amplifier TA connected
to filter 85 by conductors 93 and demodulator
D, a démodulator amplifier DA, and a low
pass filter LPF connected to filter 89 by con-
ductors 94. A sending harmonic amplifier
SHA and a receiving harmonic amplifier
RHA. are connected respectively with the
modulator M and the detector D. The har-
monic generator HG, the harmonic regen-
erator EHRG, the transmitting base fre-
quency amplifier ETBA, and a receiving
base frequency amplifier EBA corresponding

to the harmonic generator HG, the harmonic

regenerator HRG, the transmitting base fre-
quency amplifier WTBA, and a receiving
base frequency amplifier WBA on the west
station are provided at the east station, By
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means of twin jacks J?* and two-conductor
cord 105, the harmonic generator HG, or the

- harmonic regenerator EHRG may be. con-

10

15

20

nected to furnish ecarrier current to the
modulator M and the demodulator D.

In order to explain the operation of the
system just described, the circuits used for
various kinds of transmissions will wow be

“traced.

. Assuming first that it is desired to use the
common line ML for ordinary transmissions
and both carrier telephone and carrier tele-
graph transmissions, the transmission cir-
cuits will be completed by inserting the twin
plugs P to P*¢ inclusive, respectively, into
twin jacks J* to J¥ inclusive. Morse tele-
graph and ordinary telephone and telephone
signaling transmissions, the essential fre-
quencies of which are no greater than 3000
cycles follow a path which may be traced

~ from low frequency line L® of Fig. 2, through

25

30

40.

low pass filter 27, common’ line ML of Fig.
2, common line ML of Fig. 3 through low
pass filter 52 to the ordinary telephone line
L3 This line I8 may terminate in a tele-
phone exchange or a subscriber’s station, or
1t may be connected by suitable apparatus to
the ordinary telephone line L# in which case
the transmission would pass through low
pass filter 66, common line ML at the right
of Fig. 8, common line ML of Fig. 4, through
low pass filter 77 of Fig. 4, to the ordinary
telephone line LS. Current used for these
transmissions would be excluded from the
common carrier circuits CC?, CC®, CC* and
CC? by high pass filters 26, 51, 65 and 76,
respectively:. :

Carrier telegraph transmission from the
- line 9 at the west station to line 103 at the’

east station will now.be traced. Such a

transmission in the form of dots and dashgs'

with corresponding impulses of current in

. line 9 will operate sending relay 8 in a well
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known manner. The oscillator O is nor-
mally generating current of 3810 cycles.
This current is normally short-circuited
through condensers 14 and the contact of
sending relay 8. The operation of sending

. relay 8 in response to the dot and dash im-

pulses removes this short-circuit and allows
1mpulses of carrier current to pass to the
amplifier A! from which it flows through
conductors 5, transmitting sending selective
circuit S*, transformer 41, low pass filter 30,
twin jacks J4, twin plugs P3, conductors of
cord .35, twin plugs P*, twin jacks J° low
pass filter 28, twin jacks J?, twin plugs P¢,
conductors of cord 36, twin plugs P%, twin
jacks J°% common carrier circuit CC?, high
pass filter 26, common line ML of Fig. 2 to
the common line ML at the left side of Fig.
3, high pass*filter 51, common carrier cireuit
CC3, twin jacks J'?, twin plugs P, con-
ductors of cord 68, twin plugs P*?, twin jacks
J*, low pass filter 53, twin jacks J*, twin

plugs P, conductors of cord 67, twin plugs
P?, twin jacks J°, low pass filter 55, repeater
element TRE, low pass:filter 56, twin jacks
J*, twin plugs P, conductors of cord 70,

- twin plugs P, twin jacks J¥*, low pass filter

63, twin jacks J*°, twin plugs P8, conductors
of cord 71, twin plugs I’%, twin jacks J8,
common carrier circuit CC*, high pass filter
65, common line ML at the right side of
Fig. 3 to common line ML of Fig. 4, high
pass filter 76, common carrier circuit CC®,
twin jacks J2, twin plugs P*, conductors of
veord 95, twin plugs P2, twin jacks J%, low
pass filter 78, twin jacks J%, twin plugs P*,
conductors of cord 96, twin plugs P, twin
jacks J?2, low pass filter 80, transformer 98,

receiving selective circuit ER?, conductors:
= 3

84 of Fig. 4 to conductors 84 of Fig. 5,
amplifier A2, detector TD, and receiving re-
lay 102. Receiving relay 102 responds to
impulses of current from the detector TD
under control of the carrier current im-
pulses to close its contact. The closing of
the contact of receiving relay 102 sends im-
pulses of current from source 106 to the tele-
graph line 103. These impulses of current
will operate telegraphic receiving apparatus
in the well known manner, _ T
Impulses of current in line 103 corre-
sponding to signals originating at the east
station are transmitted to the west station

in a somewhat similar manner now to be.

described. The carrier frequency used for
this transmission is 903C eycles. The osecil-
lator O of Fig. 5 .generates current 9030
‘cycles “which 1s normally short circuited
through condensers 107 ‘at the contact of
sending relay 101. Sending relay 101 oper-
ates in response.to impulses of current in
line 108 corresponding to dots and dashes
and removes a short circuit in the output of
oscillator Q. These impulses are transmitted
to the west station through the amplifier
Al of Fig. 5, conductors 83 of Figs. 5 and 4,
sending selective circuit ES!, transformer
99, high pass filter 81, twin jacks J%, twin
plugs P2, conductors of cord 96, twin plugs
P22, twin jacks J%, low pass filter 78, twin
jacks J%, twin plugs P**, conductors of cord
95, twin plugs P23, twin jacks J?, common
carrier circuits CC®, high pass filter 76, com-

mon transmission line ML of Fig. 4, common

transmission line ML, right side of Fig. 3,
high pass filter 65, common carrier circuit
CC*, twin jacks J*8, twin plugs P, con-
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ductors of cord 71, twin plugs P, twin -
jacks J*?, low pass filter 63, twin jacks JV, .

twin plugs P*, cord 70, twin plugs P?%,
“twin jacks J°, high pass filter 58, repeater
element TRW, high pass filter 57, twin jacks

125

J, twin plugs P? cord 67, twin plugs P,

twin jacks J, low pass filter 53, twin jacks
J*%, twin plugs P*% cord 68, twin plugs P,

twin jacks J'2, common carrier cirewit CC?,~

high pass filter 51, common line ML at left
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side of Fig. 3, common line ML of Fig. 2,
high pass filter 26, common carrier circuit
CC?, twin jacks J° twin plugs P?, cord 36,
twin plugs P, twin jacks J?, low pass filter
28, twin jacks J%, twin plugs P*, cord 35,
twin plugs P3, twin jacks J%, high pass filter
31, transformer 42, receiving selective cir-
cuit R, conductors 7 of Figs. 2 and 1, re-
ceiving amplifier A2, detector TD to receiv-
ing relay 6. The operation of receiving re-
lay 6 in response to impulses of current
received by detector TD, closes a circuit
from a source 15 to the telegraph line 9 and
operates telegraphic receiving apparatus in
a well known manner. :

Typical carrier telephone transmissions
will now be traced through a circuit. The
base frequency for all the currents is gen-
erated in the harmonic generator HG of Fig.
1. Twin plugs P? are inserted in twin jacks
J?, while twin plugs P? are inserted in twin
jacks J® to complete a circuit for carrier
current from the harmonic generator HG
of Fig. 1 to the modulator M and detector
D in the same figure. Base frequency and
its harmonics are transmitted from the out-
put of the harmonic generator HG through
twin jacks J? twin plugs P, cord .13, twin
plugs P2, twin jacks J? to the harmonic cir-
cuit HCW. From this circuit, current of
proper frequency is transmitted to the modu-
Iator M through the harmonic amplifier
SHA in the manner shown in Fig. 49 of the
Colpitts and Blackwe'l paper. In a similar

5 manner carrier current for the demodulator

D is received from the harmonic circuits
HCW through the harmonic amplifier
RHA. The base frequency from the har-
monic generator HG, Fig. 1 is transmitted
to the east station of Fig. 5 through the base

- frequency amplifier WTBA, conductors 16

45

of Figs. 1 and 2, filter 33, line side of trans-
former 41, thence to the line side of trans-
former 98 of Fig. 4, through the same cir-
cuit tra~ed for the carrier telegraph trans-
mission from -west to east, filter 100, con-
ductors 108 of Figs. 4 and 5, base frequency

" amplifier EBA to the harmonic regenerator

50
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EHRG. A circuit for the output energy
for the harmonic regenerator EHRG to the
carrier terminal apparatus is completed by
inserting twin plugs P27 into twin jacks 29,
and twin plugs P?® into twin jacks J% form-
ing a path through cord 105 to the common
harmonic circuit HCE. From this circuit,
current is supplied to the modulator M and
the detector D through the sending har-

" monic amplifier SHA, and the receiving har-

40

monic amplifier RHA, respectively.

- For carrier telephone transmission from
west to east on the channel shown, -a carrier
frequency of 23,333 cycles is used. This car-
rier when modulated in accordance with
Speech results in two side bands of frequen-

95 -cles, the essential frequencies of which for

1,574,484

voice transmission extend over approximate-
1y 2,000 eycles on either side of the carrier
frequency. For transmission from west to
east, the lower side band only is transmitted.

Current in line L* corresponding to the ¥

cenversation  being  transmitted  passes
through hybrid coil 10, the transmitting cir-
cuit TC into the modulator M where it mod-
ulates the 23,333 cycle carrier current received
from the sending harmonic amplifier SHA.
Carrier current modulated in accordance
with speech is transmitted frcm the modu-
lator M through the modulator amplifier
TA, conductors 11 of Figs. 1 and 2, band
filter 33, twin-jacks J?, twin plugs P, cord
37, twin plugs P7, twin jacks J8 high pass
filter 29, twin jacks J7, twin plugs P, cord
36, twin plugs P°, twin jacks J° common
carrier circuit CC?, high pass filter 26, com-
mon line ML of Fig. 2, common line ML
on the left side of Fig. 8, high pass filter
51, common carrier circuit CC?, twin jacks
J'%, twin plugs P, cord 68, twin plugs P2,
twin jacks J*%, high pass filter 54, twin
jacks J4, twin plugs P, cord 69, twin plugs
P twin jacks J*5, high pass filter 59, re-
peater element RE, high pass filter 60, twin
jacks J*, twin plugs P?°, cord 72, twin plugs
P, twin jacks J°, high pass filter 64, twin
jacks J*° twin plugs P8, cord 71, twin plugs
P, twin jacks J*8, common carrier circuit
CC#, high pass filter 65, common line ML
at right of Fig. 3, common line ML of Fig.
4, high pass filter 76, common carrier cir-
enit CC% twin jacks J%, twin plugs P2,
cerd 95, twin plugs P, twin jacks J#, high
pass filter 79, twin jacks J*%, twin plugs P*
cord 97, twin plugs P2, twin jacks J?7, high
pess filter 82, band filter 89, conductors 94
of Fig. 4 and Fig. 5 to detector D. In the
detector D, modulated carrier and carrier
current from the receiving hdarmonic ampli-
fier RHA are demodulated and the resulting
voice currents are transmitted from the out-
put of the demodulator D through the de-
modulator amplifier DA and low pass filter
LPF to the telephone line LS.

A telephone transmission from east to
west from the line L¢ of Fig. 5 to the line L*
of Fig. 1 employs a carrier frequeney of
10,000, and the upper side band comprising
frequencies of 10,000 to 12,000 is transmitted.
The modulator M of Fig. 5 receives a high
frequency wave of 10,000 cycles from the
harmonic supply circuit HCE, and through
the amplifier SHA, and receives incoming
voice currents from the line L® through the
circuit TCE. The resulting modulated
wave passes through the amplifier TA and
the circuit 93 to the filter 85 which passes
the upper side band only. This upper side
band paszes through the terminals of jack
J* and jack J2%, high pass filter 79, jack J25
and J%, high pass filter 76, east section of
the main'line ML, high pass filter 65, jacks

80

85

90

100

110

120

125

130



10

20

25

50

o
<t

60

@5

‘by connecting jack

1,574,484 -

C Jeand J o high pass filter 64, jacks J* and

J2, to the lower portion of the repeater loop
including high pass filters 61 and 62, and
west repeater RW, jacks J** and J*, high
pass filter 54, jacks J** and J'%, high pass
filter 51, west section of the main line ML,
high pass filter 26, jacks J° and J7, high pass
filter 29, jacks J® and J°, low pass filter 32,
and band filter 87 which is selective to the
frequenciés comprised in this channel only,
conductors 12 to the detector D, where the
received upper side band interacts with a
wave of the carrier frequency supplied from
the branch HCW through the amplifier
RHA. The resulting detected voice-fre-
quency current is amplified at DA and is
transmitted through the receiving branch
RC and the low pass filter LPEF to the
line L :

As stated in the introduction, an object
accomplished by the present system is a flex-
ible arrangement of the connections whereby
the circuits may readily be set to transmit
current of speech frequency, high frequency
telegraph and high frequency telephone as
has been deseribed. By a simple change in
the circuits, as will now be described, the
system may be arranged to transmit either
high frequency telegraph or high frequency
telephone alone in addition to the normal or
ordinary low frequency transmission. Fur-
thermore, when only the high frequency
telegraph side, or only the high frequency
telephone side of- the circuit is used alone,
the number of available channels may, ac-
cording to the invention, be increased by
using for the high frequency telegraph, ap-
paratus which is normally devoted to high
frequency telephone transmission or vice
versa as the case may be. .

If the system is to be. altered from . the
condition hereinbefore described to the con-
dition in which ne carrier telephone trans-
missions take place, but high frequency

3 telegraph is transmitted, it is obvious that

the grouping filters 28 and 29, 53, 54, 63, 64,
and 78, g 9, are no longer needed. Also the
circuits used only for high frequency tele-
phone transmission, and shown in the lower
portion of each of the figures of the draw-
ing, may be cut out. The high frequency
telegraph path is completed by incerting
twin .plugs P® and P* into twin jacks J*
and J9, and, similarly using the twin plugs,
J1 and J'2, jack J*¢ to
jack J®8, and jack J22 to jack J%¢. The path
for the high frequency telegraph transmis-
sion through the channel connecting line 9
of Fig. 1 -with line 103 of Fig. 5 is now as

previously traced up to the point where the

wave passed through the filters S' and 30
and reached the terminals of jack J* From
this point the wave passes through the bridg-

- . _ing twin plugs to the jack J°® and into the

common carrier branch CC?, and thence

1

through filter 26, the west section of the
main-line ML, filter 51, jacks J*2 and J°,
filters 55 and 56 and the east repeater TRE,
jacks J¢ and J*?, filter 65, east section of
the main line ML, filter 76, jacks J** and
J%2, and from there on through the filter 80,
as previously traced.

igh frequency telegraph transmission in
the opposite direction through the channel
connecting lines 103 and 9 reaches the termi-
nals of jack J*2, as previously described, and
thence follows the path just now traced for
transmission from west to east except that
the filters 58 and 57 direct the transmission
in view of its frequency through the west
repeater TRW, and upon reaching the ter-

'7. .
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minals of jack J* the west transmission is -

selectively passed by the filter 81 into the
receiving side of the telegraph circuit.
When no high frequency telephone cur-
rent is'being transmitted, the base frequency
of 3,333 cycles is not needed for harmonic
generation and control, and an extra carrier
telegraph channel is now available using this
frequency. An ordinary Morse telegraph
line 9* with its associated balancing arti-
ficial line. AL, transmitting and receiving
relays 8* and 6' and detector TD? may be
associated with the input of amplifier
WTBA and the output of an amplifier WBA
by means of switches SW* and SW2, This
telegraph equipment is similar to that shown
at the top of Fig. 1 and associated with the
input of amplifier A and the output of am-
plifier A% . When high frequency telephone
current is being transmitted, the switches
SW* and SW? are in the position shown in
the drawing so that the Morse telegraph
equipment, is disconnected. When no high
frequency telephone current is being trans-
mitted, the switches SW* and SW? may be

"thrown so as to connect the Morse telegraph

equipment to the input of amplifier WTBA
and the output of amplifier WBA, thereby
rendering the base frequency channel avail-

able for the transmission of signals which -

modulate the base frequency- wave. The
wave -of the base frequency supplied from

the oscillator HG and controlled in accord- -

ance with telegraph signals to be trans-
‘mitted is passed to line through the ampli-
fier WTBA of the selective circuit 33 in an
entirely similar manner to the way the wave

of another frequency used for telegraph -

transmission, for example, frequency 3810,
is transmitted through amplifier A* and fil-
ter S* as has been)described. The corre-
sponding channel for transmitting from east
to west may conveniently use a frequency
of 10,000 eycles, this frequency being avail-
able from the harmonic generator or some
other source at the east station. The Morse
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telegraph equipment for this additional .
channel may  be connected by means of

switches to the input of amplifier ETBA
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and to the output of amplifier EEA in the
manner indicated in Fig. 5. This frequency
of 10,000 which with the system set for tele-
phone transmissions is used for one of the
telephone channels can now serve as a tele-
graph carrier frequency since the grouping

~ filters 28 and 78 are no longer in the circuit.

J telephone transmissions.

A second extra channel, the transmitting
terminal of which is shown at S° of Fig. 2
for transmitting east, and the receiving ter-
minal for transmissions west is shown at R®,
with cooperating east terminals ER°® and
LS°, may also be used when the system is
set for the condition of no high frequency
The reason that
this two-way channel can not be employed
when high frequency telephone transmission
is taking place is that the grouping filters
28 and 78 are arranged to cut-off at 9030
cycles, whereas the east to west side of this
channel employs the frequency of 9500
cycles. ;

If the system is to be used for only high

* frequency telephone transmission in addi-
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tion to the ordinary voice frequency trans-
missions, the ‘grouping filters 28 and 29, 53
and 54, ete., are not needed and the circuits
devoted to telegraph transmission and com-
prised in the upper portion of each of the
figures of the drawing can be disconnected.
The path of the high frequency telephone
transmissions is completed by tying jack J°
to jack J® by means of the twin plugs P’
and P% and in a similar manner by tying

5 across from J'2 to J*5, Ji® to J2 and J?* to

J#. In the condition in which both high
frequency telephone and high frequency tele-
graph is being transmitted the base fre-
quency of 3,333 cycles was generated at the
west station and transmitted to the high fre-
quency telegraph side including the upper
repeater of Fig. 3 to the east station where
harmonics were regenerated. This path is
no longer available since the telegraph side
of the circiit- including the upper repeater
of Fig. 3 has now been disabled. The lower
or carrier telephone repeater of Fig. 8 is ar-
ranged to transmit to the east only those fre-
quencies lying above 21333 and, therefore,

the base frequency cannot be repeated east:

by the repeater that is now in the circuit.
The west repeater RW, however, is arranged
to repeat frequencies below 18666, and with
the type of circuit under consideration, it
is necessary therefore, to generate the base
frequency =t the east station. For this pur-
pose, the harmonic generator HG of Fig. 5
is provided, and by plugging into jacks J2
and J*° with the twin plugs P¥ and P, a

) path is provided for the carrier frequencies

trom the generator HG across from jack

J* to J%, circuit HCE to the detector D’

and the modulator M of the channel termi-
nal diagrammatically. indicated and, simi-
larly, to each of the other terminal appara-
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tus. A path is also furnished for the base
frequency from the source HG to the line,
this path including the base frequency am-
plifier ETBA and the filter 85. The base
frequency is transmitted from jack J#* to
jack J2¢, through the filter 76, the east main
line section ML, the filter 65, jack J** and
J%1, the lower side of the telephone receiver
loop including filters 62 and 61 and repeater
RW, jack J* to jack J2, filter 51, west sec-
tion ML, filter 26, jacks J® and J?, filters 32
and 34, base frequency amplifier WBA, and
harmonic regenerator HRG from which the
various harmonics are applied to the termi-
nals of jack J'. This is now tied across to
jack J* by means of the plugs P* and P? so
that the harmonics are applied to the circuit
HCW and from thence to the terminal ap-
paratus of the various carrier telephone
channels.

A carrier telephone transmission now may
be traced from the modulator M of Fig. 5

80

85

to the terminals of jack J*, as before, and -

from here it follows the path just now traced
for the base frequency through the lower
side of the carrier telephone repeater of
Fig. 3 and to the jack J°. From here the
transmission passes through the filter 32 and
through the band filter 87 to the detector D
where it interacts with a harmonic having
the frequency of 10,000 supplied through the

20
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amplifier RHA from the circuit.- HCW.

The resulting detected voice currents are
impressed on the line L as previously de-
scribed, The telephone transmission east
reaches the terminals of the jack J®, as was
previously described, and from the terminals
of jack J° the same path is followed as that

100

traced from east to west except that at the

repeater ‘the frequency is such, namely,
21,333 to 23,333 that the filters 59 and 60
direct the transmission to the carrier tele-
phone repeater RE, and from the terminals
of the jack J#, the wave passes through the
filter 82, and from thence on to the line L,
the path is as previously described, the har-
monic for the detector being supplied from
the source HG as indicated.

In addition to the telephone channels pre-
viously described as available for use when
both high frequency telephone and high fre-
quency telegraph transmissions are taking
place, the channel employing frequencies
from 6,666 078,666 for transmissions east is
available when no carrier telegraph chan-

nels are being used. The corresponding

east to west transmission may use the fre-
%ue-ncies 31,333 to 33,333 as indicated on

Iter 36 of Fig. 2. This extra eastward
channel is available since the grouping fil-
ters 28, 29, 53, 54, etc., are no longer in cir-
cuit. S

It should be noted that in each of the
cases above described, that is, where both
carrier telephone and carrier telegraph
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_transmissions are used, or where the high

frequency telegraph is eliminated or where
the high frequency telephone is eliminated,
the circuit alterations corresponding to these
cases do not in any way interfere with the
path existing over cither or both line sec-
tions ML and previously traced, for the or-
dinary telephone or telephone ringing or
Morse telegraphy.

In the circuit arrangements shown in Figs.
1 to 5 as described above, it was necessary,
when both the carrier telegraph and tele-
phore were being used, to transmit the base
frequency through the carrier telegraphside
of the circuit, but when only the carrier tele-
phone transmissions were used this base
frequency had to bhe transmitted through
the telephone side of the circuit. Since,
from considerations of economy and of the
preferred arrangement of filters, the carrier
telegraph repeater which accommodates the
base frequency repeats east, whereas the
carrier telephone repeater which will trans-
mit the base frequency repeats west, it was
found necessary to provide a harmonic gen-
erator and regenerator at each station either
of which could be used depending on the
circuit conditions for which the system was
set. '

Fig. 6 shows a type of repeater in which,
depending on the connection of the leads,
either the two-way repeater TRE, TRW or
the repeater RE, RW can be used for carrier
telegraph or carrier telephone transmis.
sions. It will be assumed that Fig. 6 is
substituted for Fig. 3 in the circuit layout
previously considered, and conditions will be
considered according as both carrier tele-
phone and carrier telegraph are transmitted
or carrier telegraph without carrier tele-
phone, or carrier telephone without carrier
telegraph.

It may first be pointed out that the upper
and the lower repeater sets of Fig. 6 are
entirely similar. In each case the repeater
element directed for transmissions from west
to east is included between twe band sup-
pression type of filters 128 and 129 or 130
and 131. These filters have the character-
istic property of freely transmitting cur-
rents of all frequencies from zero to a pre-
determined upper limit, in this case 5,500,
and from a predetermined lower limit in
this case 21,333 upwards to infinity, while
attenuating and substantially suppressing
currents of all frequencies included. between
the two predetermined limits. If for any
reason it is not found convenient to use a
single band suppression type of filter 128,
129, 130, 131, these filters may each be re-
placed by two filters in series, one of which
1s a low pass filter having a limiting fre-

‘quency of 5,500, and the other which is a

high pass filter having a limiting frequency
of 23,383. The repeaters TRW and RW

are  respectively included between pairs of
band filters 132, 133 and 134, 135 having the
limiting frequencies of 6,500 and 18,666.

In the case of both high frequency tele-
graph and high frequency telephone trans-
missions, frequencies are transmitted east-
ward through the telegraph side of the cir-
cait ranging in frequency from the base fre-
quency of 3,333 to the frequency of channel
S or 5,500, whereas waves are transmitted
westward ranging in frequency from the fre-
(juency of channel ES® R® or 6,500 to the
irequency of channel ES* and R* or 9,080.
The path now taken by the eastward tele-
graph transmissions and the base frequency
1s as previously traced, the filter 53 causing
currents of this frequency to be. transmitted
to the terminals of jack J! assumed to be
tied to jack J*°. These frequencies pass
through the repeater TRE due to the pres-
ence of filters 128 and 129 and from there
through jacks J*¢ and J*" now tied together,
filter 63, and from thereon as previously
traced. Telegraph transmissions westward
immerging from the filter 63 are caused by
the filters 132, 133 to pass through that side
of the repeater loop containing the repeater
TRW and from here they take the path pre-
viously described. .

Bastward high frequency telephone trans-
missions recelved at the repeater station
Lave frequencies from 21,333 upwards as in-
dicated at Figs. 2 and 4, while westward
telephone transmissions have frequencies
irom 10,000 te 18,666 (except when no hizh
irequency telegraph channels are in use).
'The eastward carrier telephone transmis-
sions having the frequencies indicated upon
arriving at the repeater station are directed
by the filter 54 through jacks J** and Js
to the lower repeater set where they are
transmitted by filters 180, 181 and repeater
RE. Westward carrier telephone transmis-
sions having the frequencies indicated are
dlirected by the filter 64 through jacks J2°
and J*' to the lower repeating set where
they are transmitted by the filters 134, 135
and repeater RW. Since both two-way re-
peater sets are alike in the form shown in
Fig. 6, it is evident that jack J** could jnst
as well have been tied to jack J'° and jack
J** to J13, provided at the same time jack-
J1 and J?° ‘were tied together and Jacks
J* and J* were tied together. ~

In case no carrier telephone channels are
in use but the system is arranged for carrier
telegraph transmissions, the filters 53, 54 and
63, 64 are eliminated as previously de-
scribed, and the jacks J*% and J*° are tied
together, and J¢ and J** are tied together
or if for any reason it is preferred, jacks
412 and J*® may be tied together and jacks
J* and J* may be tied together. In the

first stated case the upper repeater set of
the figure serves to repeat eastward aud
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westward telegraph transmissions in the
manner previously described.

In case no carrier telegraph channels are
used but the system is arranged for carrier
telephone transinissions, the filters 53, 54 and
63, 64 are eliminated from the circuit and
the jacks J*2 and J*® are tied respectively,
to the jacks J*° and J* or they may be tied
1espectively to the jacks J° and J*. With
the repeater arranged as shown in Fig. 6, the
Liarmonic generator could be at the west ter-
minal station and it will be seen that the
hase frequency 8.333 could be transmitted
through the eastward repeater (or TRE),
in view of the fact that filters 130 and 131

- Lave included in their. transmission range
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frequencies from zero to 5,500, a path which
the base frequency takes at the repeater sta-
tion is therefore from jack J2 to jack J3s,
filter 130, repeater RE, filter 131, jack J** to
J¥, ete. The westward telephone transmis-
sions are repeated in the same direction cx-
cept that instead of passing through the
ilters 54 and 64, they pass directly from
jack J* to J*1, and from Jt to Jiz,

Fig. 7 shows a modified filter arrange-
ment for a terminal station which under
certain conditions it may be preferred to uze.
The main point of difference between the
circnit of this figure and the circuits shown
it the figures previously described is that in
the arrangement of Fig. 7 the grouping
{ilter and the corresponding filters of . the
terminals of the several channels cooperat-
ing with the grouping filter have different
terminal relations from those shown in the
other figures. Referring briefly to Fig. 4,
ior example, it will be seen that the outgao-
g terminals of filters 85 to 88 inclusive, are
connected in parallel to the terminals of the
jack J*, and also to the terminals of ¢he
lilter 82. In Fig. 7 the filter arrangement
for the terminal apparatus of two: chanraels
is dingrammatically shown and it will be
seen that a series connection of the filter
termination of this figure rather than a par-
allel connection is employed.

These two two-way channels are arranged
main line ML, and
the low frequency lines L® and IA respec-
tively. The upper channel of the figure
uces a carrier frequency of 6,000 indicated
as being derived from the source O, while
the lower channel of the figure uses a fre-
quency of 9,000 derived from a separate
oscillator O. " Inserted between the modula.
tor M of the upper channel, and the cireuit
1569, which at 156 is coupled with the com-
mon line ML, is a band filter 152 designed
to pass selectively the frequencies necessary
for signaling through this transmitting
channel, and the modulator M of the lower
channel is similarly connected through a
filter 153 designed to pass selectively the
frequencies used

by th‘is transmitting chan-
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nel. 'The receiving channels are connected
to filters 154 and 155 respectively designed
to transinit selectively the frequencies used
for receiving by these two channels, and
through the grouping filter 158 with the
branch 159. Considering the filters 152,153,
158, it will be noted that the terminal 1 of
ecach filter is connected with the terminal
2 ¢f the next, and so on. A series civenit is
therefore formed including the primary of
coupling 156, one side of the line 139, the
terminal 2 of filter 158 and the terminal

section thereof to terminal 1, terminal 2

of the filter 158 and the terminal rection
thereof to the terminal 1, the opposite side
of the line 159 and the terminal 2 of filter
152 and the end section thereof to terminal
1. The impedances of theze terminal or
end sections are so related to the impedance
of ‘the filter as a whole looking from the
terminals 1, 2 toward the terminals 3, 4,
that each filter has a high terminal im-
pedance across 1 and 2 for the frequency of
the wave which it is designed to transmit
Letween the terminals 1, 2 and the terminals
3, 4, while its end section has a. low im-
pedance for currents of the frequencies trans-
mitted by all of the other filters with which
it is connected. Conversely the attenuation
from terminals 1, 2 to 3, 4 or vice versa of
each filter is low for a certain frequency
range which it is desired to transmit selsc-
tively but_is high to waves of other fre-
quencies. It will be apparent therefore that
the waves leaving the modulator M of the
lower channel, and selectively transmitted
through the filter 153 pass readily through
the end section of filter 158 adjacent to the
terminals 1 and 2 thereof, and through the
end section filter 152 adjacent to the termi-
nals of 1 and 2 thereof, and the coupling
156 to the line. A wave incoming from the
main line to be received by the lowermost
channel passes through the coupling 136,
the end section of filter 152 adjacent to the
termingls 1 and 2, the corresponding end
section of filter 153, but meets an impedance
across the terminals 1 and 2 of filter 158
which is equal to the characteristic imped-
ance of the line. The attenuation of this

filter looking from terminals 1, 2 to termi-

nals 3, 4 permits the wave to pass readily
through the filter to the terminals 3, 4.
From this point it passes through the
end section adjacent the terminals 3 and 4
of filter 154 to the terminals 3 and 4 of the
filter 155, from which peint it is selectively
transmitted by the last named filter to the
detector D. It will be clear from the above
description and without the further dras-
ing of circuits how each of the terminal
filters of the various channels and the group-
ing filter cooperate when arranged as shown

in_this figure.

Fig. 8 shows a low pass filter of the type
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which would be used at the west terminal
station if this station has its filters arranged
as indicated in Fig. 7, since the grouping
filter at the west station is a low pass filter
as indicated at 32. For this purpose, the
filter of Fig. 8 will be connected in place
of the filter 158 of Fig. 7, its terminals 1,
2 and 3, 4 indicating the manner in which
it would be connected in the circuit to re-
place filter 158. '

For convenience in illustrating and de-
scribing the system several numerical values
have been assigned to the various frequen-
cies employed for the different purposes
and in the different portions of the system.
It is to be understood that while the figures

. given have been found suitable in actual

20

23

30

practice, they are given for illustrative pur-
poces only and -are not intended in any.
sense as limiting since there is a wide choice
as to the frequencies that may be used. -

Also the various elements of the system

although specifically illustrated and de-
scribed may be replaced by other elements
performing substantially the same or equiv-
alent functions, and various other changes,
may be made without departing from the
spirit and scope of the invention, which is
defined in the appended claims,

What is claimed is: '

1. In a multiplex signaling systern, a line
terminating in two branches conductively
connected thereto, one of said branches hav-

_ing associated therewith transmitting sets

o

for impressing upon said line waves of dif-
ferent frequencies each controlled by signalg
and the other or receiving branch having
associated therewith receiving sets for selec-
tively receiving from said line waves of dif-
ferent frequencies each controlled by signals,
the frequencies employed by all of said
transmitters as a group being comprised in
a different range from the frequencies em-
ployed by said receivers as a group, and a
filter connected in said receiving branch be-
tween said line and said receivers and ar-
ranged to pass currents of the frequencies
employed by said receivers but to exclude
from the recelving branch the currents from
said transmitter sets. ,

2. In a multiplex signaling system, a main
Iine serving as a transmission path for a
plurality of communication channels using
respectively different frequencies comprisea
in a definite frequency range for transmit-
ting in one direction over the line and a dif-
ferent plurality of channels using individual
frequencies lying in a different frequency

. range for transmitting in the other direction

" over the line, the channels for one direction

of transmission terminating at a given sta-
tion on the line in transmitter sets connected
through suitable filter circuits to a trans-
mitting branch of the line at that station

and the channels for the othér direction
terminating in receiving sets connected
through suitable filter circuits to a receiv-
ing branch of the line, the transmitting and
receiving branches being located at the same
station and conductively connected to the
line, a grouping filter included in the re-
ceiving branch between the line and said
receiver sets and arranged to pass the fre-
quencies employed by all the chammels to
which said receivers belong but to exclude
from the receiver branch the frequencies in
the transmitting branch at said station, the
output terminals of the transmitting filter
circuits being connected in parallel and to
the line terminals of the grouping filter
while the opposite terminals of the group-
ing filter are connected through the receiv-
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65

70

75

80

ing branch to the parallel connected input

terminals of the receiving filter circuits.

3. In combination, a line for transmitting
currents of a plurality of frequencies for
different messages, a transmitting branch
for said line, a filter a plurality of receiv-
ing channels connected to said filter to re-
celve currents of different frequencies trans-
mitted through it, said transmitting branch
and filter being connected to the same end
of said line and having terminations in
series with each other.

4. In a multiplex signaling systeni, a line
terminating in two branches conductively
connected thereto, one of the branches
having associated . therewith transmitting
sets for impressing upon the line waves of
different - frequencies, each controlled by

signals, and the other, or recciving branch,

having associated. therewith receiving sets
for selectively receiving from the line waves
of different frequencies, each controlled by
signals, the frequencies employed by all of
the transmitters as a group being comprised
in ‘a different range from the frequencies
employed by the receivers as a group, and a
filter associated with each branch; the filter
associated with the transmitting branch be-
ing connected between the transmitting sets
and the line and arranged to pass currents
of the frequencies transmitted by the trans-
mitting sets and to exclude from the trans-
mitting sets the currents of the frequencies
transmitted over the line to the receiving
sets, and the filter associated with the re-
ceiving branch being connected between the
receiving sets and the line and arranged
to pass currents of the frequencies employed
by the receiving sets and transmitted thereto
over the line and to exclude from the receiv-
ing'sets the currents transmitted from the
transmitting sets.

5. In combination, circuits for selective-
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ly transmitting a plurality of carrier waves '

of different frequencies, means for modulat-.

ing each by speech to produce mnon-over-
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lapping bands of frequencies, other sources
of waves for transmitting other kinds of
signals, and means for disabling at will one
of said modulating means and for utilizing
the range of the corresponding band for
transmission from said separate sources.

6. A multiplex signaling system having
& group of carrier telegraph two-way chan-
nels employing a plurality of different fre-
quencies within a given range, a group of
carrier telephone two-way channels employ-
ing frequencies included in a different range,
a transmission line common .to and asso-
ciated with the carrier telephone and tele-
graph two-way channels, alternative circuit
connections for permitting both carrier tele-
graph and carrier telephone transmission
simultaneously over said line or either car-
rier telephone or carrier telegraph trans-
missions separately, grouping filters con-
nected to the line for separating to the ter-
minal apparatus the carrvier teTegruph and
telephone  frequencies respectively, and
means included in said alternative circuit
connections for making available for car-
rier telegraph transmissions when no car-
rier telephone transmission is taking place
at a station, frequencies that are nornally
used only for carrier telephone transmis-
sion, and for making available for carrier
telephone transmission when no carrier tele-
graph is being transmitted, frequencics that
are normally devoted to carrier telegraph
transmission.

7. A carrier composite telephone and tele-
graph system in which a frequency range
below a definite
ployed for carrier telegraph transmissions
and frequencies above said limiting fre-
quency are employed for carrier telephone
transmissions, sources of current of suitable
frquencies and terminal apparatus for both
kinds of transmissions, and circuit connec-
tions for disabling said carrier telegarph
terminal apparatus and for permitting an
additional carrier telephone channel to be
used employing frequencies lower than said
limiting frequency. :

8. A carrier composite telephone and tele-
.graph system in which a frequency range
below a definite limiting frequency is em-
ployed for carrier telegraph transmissions
and frequencies above said limiting fre-
quency are employed for carrier telephone
transmissions, sources of current of suitable
frquencies and terminal apparatus for both
kinds of transmissions, and cireuit connec-
tions for disabling said carrier telephone
terminal apparatus and for permitting an
additional carrier telegraph channel to be
used employing frequencies higher than said
limiting frequency.

9. A composite carrier telephone and tele-
graph system having in combination a source

limiting frequency is em-
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of waves of a base frequency, a plurality 65
of telephone channels, a plurality of tele-
graph channels, means to derive from said -
source carrier waves of different frequencies
for the respective channels, the frequencies
of the telephone channels being grouped 70
within a range different from that for the
telegraph channels, a transmission line with
which the channels are associated, means to
maintain at the terminal and intermediate
points on the line a selective path for the 76
telegraph transmissions, and circuit connec-
tions for transmitting base frequency waves
through the selective path with the tele-
graph transniissions.

10. .\ composite carrier telephone and 80
telegraph system having a plurality of tele-
graph channels, a plurality of telephone
channels, means to supply to the telegraph
channels waves of different frequencies with-
in a given range, means to supply to the 85
telephone channels carrier waves of different
frequencies outside snid given range. means
to furnish a wave of a frequency within said
given range for the operation of the tele-
phone channels, alternative cireuit arrange- Y0
ments whereby when the carrier -telegraph
equipment is idle but the carrier telephone
channels are being used, the one frequency
wave is transmitted through the carrier tele-
phone circuits and when both carrier tele- Y5
graph and carrier telephone channels are
being used, the one frequency wave is trans-
mitted through the carrier telegraph cir-_
cuits and when no carrier telephone chan-

nel is being used, the one frequency wave 100

is connectible for use as
rier wave. , : _

11. A composite carrier telephone and
carrier telegraph system having a plurality
of carrier telegraph channels, a plurality 103
of carrier telephone channels, means to sup-
ply to the channels carrier waves of differ-
ent frequencies, circuit connections where-
by the telephone and telegraph channels may
be used simultaneously or alternatively, eir- 110
cuit connections whereby when the telephone
and telegraph channels are employed simul-
taneously, one of the telegraph earrier waves
is employed ‘as a base frequency warve, and

a telegraph cai-

means to derive the several telephone car- 115

rier waves from such base frequency wave.

12. A composite carrier telegraph and
carrier telephone system in which the uti-
lized frequencies comprise a range devoted _
‘o a group of carrier telegraph channels all 120
transmitting in one direction and an adja-
cent range devoted to a group of carrier
telephone channels all transmitting in the
same direction as.said carrier telegraph
channels, said system having filtering means 125
for separating ecarrier telegraph transmis-
sions from carrier telephone transmissions,
acd means for disabling a portion at least
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of the channels devoted to one of said kinds
of transmission and for extending the num-
ber of channels devoted to the other kind of
transmission to include frequencies in the
range of the disabled channels. :

13. In a carrier wave transmission system,
carrier telephone channels, a source of base
frequency, means to transmit a wave of the
base frequency through- the system, means
tc derive from said source carrier waves of
different frequencies for the respective car-
rier telephone channels, a mid-line repeater
for said system having a two-way selective
repeating path for said carrier telephone
channels and another selective path for other
frequencies including a one-way repeating
path for said base frequency, means for dis-
abling at will said other selective repeating
path and for transmitting said base-fre-
quency wave through the same repeater that
i used for the carrier telephone transmis-
sions.

14. In a carrier transmission system, two
two-way mid-line repeaters in parallel, each
repeater included in a different selective
path, means for transmitting a control wave
of definite frequency in either direction
through said system, means operative when
both repeaters are in circuit for providing a
path for said control wave only in one direc-
tion through said system including the selec-
iive path of one of said repeaters, means for
disabling said repeater and for providing a
path through another repeater in the oppo-
site direction for said control wave.

15. In a carrier transmission system, two
stations, a selective path for a group of car-
rier telephone channels for transmitting in
one direction between said stations, an opyo-
sitely directed path selective to other fre-
auencies used for transmission in the other
direction between said stations, means for
deriving the carrier frequencies for said
carrier telephone channels from a wave of
bose frequency included in the range of said
other frequencies, means to disable the sec-
ond mentioned selective path and render the
first mentioned selective path available for
the transmission of the base frequency, and
means to transmit a wave of base frequercy
from either station according as said path is
disabled or not. :

16. In a carrier transmission system, two
line sections, means to transmit a-control
wave in either direction through said sys-
tem, an east repeater and a west repeater
similarly conmected in parallel with each
other between the two line sections, said re-
peaters having selective amplifying paths of

' overlapping frequency range including the

frequency of sald control wave, filters for
preventing local circulation of amplified
energy through said repeaters and for per-
mitting transmission of said base frequency
wave through one of spid repeaters when

18

both repeaters are operative, means for dis-
abling said one repeater and for altering the
connection of said filters to permit the other
repeater to transmit said base frequency
wave in the opposite direction through the
system. '

17. A composite signaling system ar-
ranged to transmit currents of at least three
distinct frequency ranges assigned for at
least three separate classes of signaling, filter
svstems for separating each of said fre-
quency ranges from the others, and means to
extend the frequency range used for one
class of signaling to - include neighboring
frequencies of a range assigned for another
class of signaling in case said neighboring
frequencies are at the time not being used
for the class of signaling for which they are
assigned.

18. A composite carrier system in which
a range of frequencies is utilized by two-
way carrier telegraph -channels and a ‘sep-
arate range is utilized by two-way carrier
telephone channels, a mid-line repeater cir-
cuit comprising two two-way repeaters in
parallel, grouping filters for separating car-
rier telegraph transmissions to one of said
repeaters and carrier telephone transmis-
sions to the other, other filters for directing
the transmissions -of the same direction
through one repeater element and transmis-
sions of the other direction thrdugh the other
repeating element of both the carrier tele-
graph and the carrier telephone repeaters,
and circnit connections for including either
repeater together with its direction-deter-
mining filters in circuit with either group-
ing filter.

19. A composite carrier telegraph and
carrier telephone system in which a lower
range of frequencies is assigned for carrier
telegraph transmissions eastward, a _central
range is assjgned for carrier telegraph
and carrier telephone transmissions west-
ward, and an upper range is assigned for
carrier telephone transmissions eastward, a
repeating circuit for said system comprising
a
parallel, each two-way repeater having an
eastward selective repeating path for fre-
quencies of both said lower range and said
upper range and a westward selective re-
peating path for frequencies of said central
range, grouping filters for separating all of
the carrier telegraph transmissions as a
group from all of the carrier telephone
fransmissions as a group, circuit arrange-
ments - for connecting either two-way re-
peater to either grouping filter, and means
for disabling certain of the transmission

channels and one of said repeaters and for

connecting the other repeater in the system
independent of said grouping filters. .

20. A two-way repeater circuit for a com--

posite carrier system using a plurality of

pair of duplicate two-way repeaters in
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pairs of frequency ranges, one pair of fre-
quency ranges for each kind of transmis-

sion and one frequency range of each pair

of frequency ranges for each direction of
transmission, two line sections each termi-
nating at the repeater in as many band fil-
ters as there are different pairs of frequency
ranges connected in common to the respec-
tive line sections, said filters being arranged
to transmit selectively the frequencies of a
respective pair of frequency ranges to the
exclusion of the frequencies of the other
pairs, each of said band filters teminating in
& common connection to two other band fl-
ters each arranged to pass that frequency
range of the respective pair that is used
for transmission in one direction to
the exclusion of the frequencies used
for the other direction by said pair, and a
one-way repeater connected between each of
the last mentioned band filters belonging
to one line section and a corresponding band
filter belonging to the opposite line section.

21. In a multiplex signaling system, a line
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terminating at a station in two ‘branches
conductively connected thereto, one of said
branches having associated therewith trans-
mitting sets for Impressing upon the line
waves of different frequencies. eacl: con-
trolled by signals, and the other branch
having associated therewith receiving sets
for selectively receiving from the line waves
of different frequencies, each controlled by
signals, the frequencies employed by all of
the transmitting sets as a group being com-
prised in a different range from the fre-
quencies employed by the receiving sets as
a group, and a filter associated with the
receiving branch and connected between the
line and the receiving sets, said filter being
arranged to pass currents of the frequencies
employed by said receiving sets and to cx-
clude from the. receiving sets the currents
transmitted from the transmitting sets.

In witness whereof, I hereunto subscribe
my name this 25th day of July A. D., 1921.

JOSEPH W. HORTOX.
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