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UNITED STATES PATENT OFFICE

2,428,366
PULSE MULTIPLEX SYSTEM

George W. Gilman, Short Hills, N. J., assigner
" to Bell Telephone Laboratories, Incorporated,
New York, N. Y., 2 eorporation of New York

Applicatien February. 8, 1945, Serial No. 576,834

10 Claims. (CL 179—15)

1

This invention relates to multiplex transmis-
sion and particularly to time division multiplex in
communication systems.

_ Objects of the invention are the provision of a
multiplex transmission system of the time divi-
sion type in which synchronization of the send-
ing and receiving ends is attained without reduc-
ing the number of channels available for com-
munication and in which channel commuta-
tion is effected by improved and simplified ap-
paratus and circuit arrangements.

_The invention is an improved multiplex trans-
mission system of the fime division type in which
commutation is effected electrically by the cyclic
application of carrier impulses to the modulator
of each of a plurality of voice channels in suc-
cession,

A feature of the invention is a time division
multiplex transmission system in which marking
impulses of one frequency are transmitted di-
rectly to a common transmission medium and
carrier current impulses are transmitted through
delay networks in succession to each of the mod-
ulators of a plurality of voice frequency chan-
nels, whereby the transmission of each marking
impulse over said common medium is followed
by the stccessive transmission of the correspond-
ing voice modulated carrier impulses from the
modulators.

" Another feature of the invention is a multiplex
system of the time division type wherein timing
or marking impulses incoming over a transmis-
sion medium are each applied through a chain of
delay networks successively to each of a plurality
of amiplifiers, thereby to render the amplifiers ef-
fective to transmit each signal impulse following
a marking impulse through the associated de-
tector to a different voice channel.

" A further feature of the invention is an ar-
rangement of modulators common to a transmis-
sion medium in a time division multiplex system
in which carrier impulses are transmitted suc-
cessively through delay networks, the output of
each network being connected to the carrier in-
put conductors of a plurality of modulators one in
each of a plurality of groups, whereby the modu-
lators in each ‘group are successively rendered
effective to transmit a voice modulated carrier
impulse to the transmission medium, group de-
lay means being provided to delay the succession
of voice modulated impulses from the modulators
of the various groups so that the signal impulses
of all modulators are successively applied one at
a time to the transmission medium following
each marking impulse applied thereto.

10

15

20

25

30

40

45

50

55

2 .

A further feature of the invention is a receiv- -
ing arrangement in a multiplex system of the
time division type in which incoming marker im.-
pulses effect the generation of switching impulses
which are transmitted through delay networks
in succession to each of the amplifier detectors
of a plurality of voice frequency channels, where-
by each of the incoming voice modulated car-
rier impulses following each marker impulse is
transmitted to a different voice frequency chan-
nel. : )

Another feature of the inivention is a receiving
arrangement in a multiplex system of the time
division type in which the voice frequency chan-
nels and associated amplifier detectors are di-
vided into groups corresponding ‘to groups of
meodulators in the transmitting office, means be-
ing provided to delay the. transmission of the
voice modulated carrier impiilses. following each
marker impulse to each group of amplifier de-
tectors so that these impulseés are applied to each
group in succession, the marker impulses being
effective to generate switching impulses which
are transmitted through délay networks in suc-
cession to each of the amplifier detectors of the
first eroup and at the same time to the corre-
sponding amplifier detectors of the other groubs,
whereby each of the incoming voice modulated
carrier impulses following each marker impulse
is transmitted to a different voice Irequency
channel. : :

A clear and complete understanding of the
invention will be facilitated by consideration of
the system shown schematically in the drawing
which forms a part of this specification, this
system constituting a specific embodiment of
the invention and its features.- The invention
is, however, not limited in its application fo the
system shown in the drawing but is generally
applicable to multiplex transmission systems of
the time division type. -

Referring to the drawing: : :

Tig. 1 shows in a first telephone office a trans-
mitting arrangement for a multiplex communi-
cation system of the time division type;

"Fig. 2 shows in a second telephone office a re-
ceiving arrangement for a time division multiplex
communication system having a transmitting ar-
rangement according to Fig. 1;

Fig. 3 shows the relative ‘spacing of the mark-
ing impulses, the carrier input impulses for each
voice channel, the voice and carrier modulated
radio impulses transmitted by the ‘a,'rarngement
of Fig. 1, and the signal or voice impulses trans-
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mitted to the various voice channels in the ar-
rangement of Fig. 2;

Fig. 4 shows a modulator circuit suitable for
use in the transmitting arrangement of Fig, 1:

Fig. 5 shows an amplifier-detector circuit suit-
able for use in the receiving arrangement of
Fig. 2;

Fig. 6 shows a retéiVing arrangement alterna-
tive to that of Fig, 2; and

Fig. 7 shows the relatlve spacing of the marker,
carrier, signal and switching impulses in s sys-
tem comprising Figs. 1 and 6.

The telephone office shown in Fig, 1 comprises
& radio transmitter 100 common to a plurality of
groups of voice channels and associated indi-
vidual modulators, two groups being shown. One
group consists of voice channels CI11{, Cli2, Cti2
and Cii4 and meodulators Miil, an M3
and MIii4; and a second group consxsts of voice
channels Ci2§, C122, C123 and Ci24 and modu-
lators Mi21, M122 123 and Mi24, Each of the
modulators may bé siinilar to that shown in Fig. 4.
While each 6f the groups is shown to consist of
four channgls éach, the groups may consist of a
larger number of channels Two sources of alter-
nating current are shown the source 165 being
a source of cafrier current impulses for the modu-
lators and thé Sourceg l03 being a source of mark-
ing impulses &ach of Which marks the beginning
of a train of signal imihilses, drie from each modu-
lator in succession. The marking impulse source
{03 generateb current of one frequency, for in-
stance, 160 000 cycles Per sécond and the carrier
current source 105 genera,tes current of some
other frequency, for mstance 300,000 cycles per
second, suitable for modulation by voice current.
Timing mean§ 104 ¢ontrols hoth sources 103 and
{65 to tr ansmit impulSes in synchronism at a de-
sired rate, for Instance, 10 000 impulses. per sec-
ond. The marking 1mpulses are applied directly
through coitdtictors 101 and 102 to the input ter-
minals of the fadio transmitter 189. The carrier
current 1mpulses aré applied to the modulators of
each group thmugh 4 train of similar delay met-
works NI, N2 N3 and N4 connected in series,
there fbelng as ma,ny of these networks ag there
are modulators in a group A different modulator
of each group is conitected in parallel to the out-
put side of each nétwork and each of the net-
works delays each caririer current impulse for a
like desired interval of time; so that the modu-
lators in each group a,re successwely rendered ef-
fective to transmit a véice modulated carrier cur-
rent impulse t6 the radio transmitter. Thus the
application of each carrxer current impulse from
source 105 to modulators Mitl and M!21 is de-
layed by nétwork Ni for the desired interval fol-
lowing the transmissioh of the corresponding
marking nnpulse from source 103 to radio trans-
mitter 160; thie appliéation of each carrier cur-
rent impu]se to modulators M{12 and Mi22 is de-
layed by networks N1 and N2 in series; the appli-
vation of each carrier current impulse to modu-
lators M113 and MI23 is delayed by networks NI,
N2 and N3 in series; and the application of each
carrier current xmpulse to modulators Miis and
Mi24 is delayed by networks Nf, N2, N3 and N4
in series. Thus, the apphcatlon of each marking
impulse to the radio transmltter 100 is foliowed
in succession by a v01ce modulated carrier cur-
rent mlpulse from each of modulators MI{i,
M2, Miil3 and M!M in the first group. A
group delay filter GNI connects the output of
each of the modulators Mi21, MI122, M123 and
Mi24 in the Second group to the radio transmitter
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183; and each of the voice modulated carrier cur-
rent impulses from each of these modulators is
thereby delayed for an interval equal to the total
delay of a carrier impulse by all of networks NI,
N2, N3 and N4, Thus, the successive apphcatlon
of the voice modulated carrier current impulses
from the modulators of the second group to the
radio transmitter 180 follows the application of
the voice modulated impulses from the modu-
lators of the first group. If there are other
groups of modulators, a group delay filter similar
to GN{ will be provided for each such other group
to delay the application of the voice modulated
carrier impulses from the modulators of each
group in succession.

Referring to Fig. 3 the line 380 represents the
spaced application of marker impulses to the
radio transmitter and the simultaneous trans-
mission of carrier current impulses to the first
delay network N{; the lines 301 to 304 represent
the application of the corresponding cartier cur-
rent impulses to the modulators of both groups;
and the line 305 represents the spaced transmis-
sion of the voice modulated carrier current im-
pulses from both groups of modulators, each
marker impulse M being followed in succession by
signal impulses {11, 12, {13, ({4, i21, 122, 123
and 124 from the correspondingly numbered
modulators,

The telephone office shown in Pig. 2 comprises
a radio receiver 286 common to a plurality of
amplifier-detector units and associated voice
channels for selectively receiving signaj impulses
from the modulators and voice channels of Fig, 1.
The receiver output is transmitted throush con-
ductors 201 and 202 to the input terminals of
each of the normally non-responsive amplifier=
detectors D21f, D212, D213, D2i4, D221, D222,
D223 and D224 associated 1nd1v1dua11y with voice
channels C2Zil, C2i2, C2i3, C2i4, C221, C222,
C223 and C224, respectively. Each of the ampli-
fier-detectors may be similar to that shown in
detail in Fig, 5. The radic receiver 200 is alsc
connected to filber 203 which is tuned to pass the
marker impulses from source 103 without passing
the impulses successively transmitted from the
modulators of Fig. 1. Thus each incoming mark-
er impulse is applied through filter 203 and delay
networks NZ{l, N212, N2i3, N214, N22i, N222,
N223 and N224 in succession to the amphﬁer—de-
tectors in succession. Each of these delay net-
works delays the marker impulses for an interval
equal to the delay of the carrier current impulses
in the delay networks of Fig. 1. Thus each mark-
er impulse is applied through network N21{ to
render the amplifier-detector D21 responsive to
the signal impulses from modulator M2i1;
through networks N21i and N212 in series to
render the gmplifier-detector D212 responsive to
the signal impulses from modulator M21 2;
through networks N2{1, N2i2 and N213 in series
to render the amplifier-detector D213 responsive
to the signal impulses from modulator M2 3;
through networks N21i, N212, N213 and N2i4 in
series to render the amphﬁer-detector D2i4 re-
sponsive to the signal imipulses from modulatoi
M214; through networks N211, N212, N2i3, N2i4
and N22{ in series to- render the amphﬁer-de-
tector D221 responsive to the signal impulses
from modulator M221; through networks N2ii,
N212, N2i3, N2i4, N‘2l and N222 in series to
render the amplifier-detector D222 responsive to
the sighal impulses  from modulator M222;
through networks N211, N212, N2i3, N214, N221,
N222 and N223 in series to render the amplifier-
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detector D223 responsive to the signal impulses
from modulator M223; and through networks N21{1,
N212, N213, N214, N221, N222, N223 and N224 in
series to render the amplifier-detector D224 re-
sponsive to the signal impulses from modulator
M224. Thus the incoming signal impulses 111,
12, 143, 114, 212, 222, 223 and 224 represented in
line 385 of Fig. 3 are selectively transmitted in
succession through amplifier-detectors D211,
D212, D213, D214, D22{, D222, D223 and D224,
respectively, as indicated in lines 211 o 318 of
Fig. 3.

The modulator shown in Fig. 4 comprises a
voiee current input transformer 401, a carrier
current input transformer 402, vacuum tube am-
.plifier 483 and an output fransformer 404. The
amplifier-detector shown in Fig, 5 comprises &
signal input transformer 504, a marker impulse
input transformer 502 and rectifier 503, resistor
594, vacuum tube amplifier 510, coupling trans-
former 515, detector tube 520 and voice outpul
transformer 521, The amplifier 510 is normally
biased to the cut-off point. Each marker impulse
-is applied through transformer 502 and rectifier
%83 across resistor 504, thereby to reduce the
bias on the grid of tube 510 and thereby render
this tube effective to amplify the signal impulse
then being applied through transformer 501 to
the grid. Any other known type of modulator
and amplifier-detector, suitable for use in such a
system, may be used in place of those shown in
Figs. 4 and 5.

The alternative receiving arrangement shown
in Fig, 6 for use with a transmitting arrange-
.ment similar to that shown in Fig. 1 comprises
3, radio receiver 600 and two groups of amplifier-
detector units and associated voice channels.
The first group includes the amplifier-detectors
D51, DSI2, D§I3 and D614 individually associ-
ated with voice channels C611, C612, C613 and
C614; and the second group includes the ampli-
“fier-detectors D621, D622, D623 and D624 indi-

vidually associated with voice channels C621,

C322, C§23 and C624. The output of radio re-
ceiver 608 is directly connected by conductors 601
and 682 to the input side of each of the amplifier-
detectors of the second group and is connected
through a group delay network GN61 to the am-~
plifier-detectors of the first group. The output
of radio receiver 600 is also connected to the
selector of marker impulses 603 which in response
to each incoming marker impulse causes the gen-
-eration of a switching impulse by source-604.- The
switching impulses thus generated are transmit-
ted through delay networks N61, N62, N63 and
N84 in succession. The switching impulses are
thus applied to amplifier-detectors D611 and D621
a2t the same time; then to amplifier-detectors
D12 and D622 at the same time; then to ampli-
fier-detectors D613 and D623 at the same time;
and last to amplifier-detectors D614 and D624 at
the same time. Due to the delay introduced by
group delay network GNG6I, the signal impulses
from modulator Mil{ are applied to amplifier-
detector D611 at the same time that the signal
impulses from modulator Mi2{ are applied to am-~
plifier-detector D621; and at this time a switch-
ing impulse from network N6{ renders these am-
plifier-detectors effective to pass signal energy
into the associated voice channels C6(I and C621,
The signal impulses from modulator M112 are
applied to amplifier-detector D612 at the same
time that the signal impulses from modulator
M622 are applied to amplifier-detector D622; and
at this same time a switching impulse from net-
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work N62 renders these amplifier-detectors effec-

-tive to pass signal energy into the associated voice

channels C612 and C622. The signal impulses
from modulator Mi{3 are applied to amplifier-
detector D523 at the same time that signal im-
pulses from modulator M623 are applied to am-~
plifier-detector D623; and at this same time a
switching impulse from network N63 renders
theése amplifier-detectors effective to pass signal
energy into the associated voice channels C613
and C828. Finally, the signal impulses from mod-
ulator M{14 are applied to amplifier-detector
D614 at the same time that the signal impulses
from modulator Mi24 are applied to amplifier-
detector D524; and at this same time a switching
impulse from network N84 renders these ampli-
fier-detectors effective to pass signal energy into
the associated voice channels C6i14 and C624.

The relation of the marker, carrier, signal and
switching impulses in a system comprising Figs. 1
and 6 is.shown in lines 701 through 712 of Fig. 7.
The legends adjacent these lines render them
self-explanatory.

‘What is claimed is:

1. In a time division multiplex telephone sys-
tem, a plurality of voice frequency channels, a
modulator for each of said channels, a trans-
mission medium, means connecting each of said
modulators to said medium, a carrier current
source, means for successively applying impulses
of carrier current from said source to each of
said modulators in succession thereby to effect
the cyclic transmission of a voice modulated car-.
rier impulse from each of said modulators in suc-
cession to said transmission medium.,

2. In a time division multiplex telephone sys-
tem, a plurality of voice. frequency channels, a
modulator for each of said channels, g trans-
mission medium, means connecting each of said
modulators to said medium, a carrier current
source, means comprising timing means and de-
lay networks for successively applying impulses
of carrier current from said source to each of
said ‘modulators in succession thereby to effect
the cyclic transmission of a voice modulated car-
rier impulse from each of said modulators in suc-
cession to said transmission medium.

3. In a time division multiplex telephone sys-
tem, a plurality of voice frequency channels, a
modulator for each of said channels, a trans-
mission medium, means connecting each of said
modulators to said medium, a source of marker
impulses connected to said medium, means for
generating carrier current impulses synchronized
with said marker impulses, and means for trans-
mitting each carrier current impulse to said mod-

‘ulators in succession thereby to effect the cyclic

transmission to said medium of a marker impulse
followed by a voice modulated impulse from each
of said modulators in succession.

4, In a time division multiplex telephone sys-
tem, a plurality of voice frequency channels, a -
modulator for each of said channels, a trans-
mission medium, ineans connecting each of said
modulators to said medium, a source of marker
impulses. connected to said medium, means for
generating carrier current impulses synchronized
with said marker impulses, and means compris-
ing delay networks, one for each of said modu-
lators, for transmitting each of said-carrier cur-
rent impulse to said modulators in succession
thereby to effect the cyclic transmission to said
medium ‘of a marker impulse followed by a voice
modulated impulse from each of said modulators
in succession. S , v
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5. :In g ‘time division multiplex telephone sys-
‘tem, atransmission’medium carrying marker-im-
“pulses.of alternating current of a supersonic fre-
~quency, .each marker impulse .being followed by
-a plurality-of  signal impulses of voice .modulated
carrier .current, said. supersonic frequency being
Adifferent from the frequency of said carrier cur-
rent,:a plurality of voice. frequency ‘channels, a
«detector “for each veice channel, an amplifier
-connecting .- each detector -to "said transmission
-medium, :means normally biasing each of said
“amplifiers to prevent the transmission of signial
mpulses ‘to the-associated -detector, ‘means. com-
-prising :delay ‘networks :connected in 'series one

:for.each of:said amplifiers for transmitting each :

‘marker-impulse ‘to-said amplifiers in successiex,
‘and means in each amplifier responsive to each
marker impulse for rendering the amplifier ef-
‘fective to amplify the signal itmpulse carried by
‘said transmission medium while the marker im-
-pulse is being applied to the amplifier.

‘6. In :combination ‘in a time division multi-
plex telephone system, a plurality of voice chan-
nels, a modulator for each channel, said modu-
-lators divided into a plurality of groups, a source
of ‘carrier current impulses, said impulses follow-
ing each other in timed succession, means com-
‘prising delay networks connecting said ‘source to
said modulators, the output conductors of each
‘network being connected to g plurality of modu-
‘lators, one in each group-and each modulator in
a -group to a different network, a transmission
medium common to said modulators, and means
including delay means connecting the modulators
of said groups to-said medium to cychcally trans-
-mit trains of voice modulated carrier impulses
thereover, each train consisting of an impulse
from-each of said modulators in succession.

7.-In a time division multiplex telephone trans-
-mission system, a plurality of voice channels, a
Jplurality of modulators, one for each of said voice
channels, said medulators divided into groups, a
transmissmn medium common to said modula-
tors, the modulators of one group being directly
-connected ‘to said transmission medium, delay
means including -a delay network individual to
each of the other groups of modulators connect-~
Ing said other groups of modulators to'said trans-
mission medium, a source of .carrier current im-
pulses, said impulses following each -other in
timed. succession, means comprising delay net-
works equal in number to the number of modula-
tors in a group cennecting the carrier-currentim-
‘pulse. source to said modulators.so.as to apply
each carrier current impulse to said modulators,
-one modulator of each group at a time, means di-
rectly connecting the modulators of one- group to
-said- transmission medium, and means including
-delay networks, one for each of the other groups
of modulators connecting said. other groups of
modulators to said transmission medium where-
by ‘a voice modulated carrier: current impulse is
-applied to said transmission medium from each
of:said modulators in succession.

. 8. In a time division multiplex telephone trans-
‘mission system, a plurality of voice channels, a
plurality of modulators, one for each of said voice
channels, said modulators divided into groups, a
transmission ~medium common to said modula-
Yors, & source of timing impulses-connected to
said -transmission medium, g source of ecarrier
‘eurrent. and means for.generating impulses of
carrier -current in:synchronism with said timing
impulses, means-comprising delay networks equal
in number to the number of modulators in. a

8
‘group connecting the carrier current impulse
-generator to sald modulators so as to apply each
-carrier current impulse .fo said modulators, one
‘modulator of each of said groups at a time, means
*5 directly. connecting the modulators of one of said
-groups 1o said transmission.medium, and means
.including delay networks, one for each of the
-other of said groups of modulators, connecting
-said other groups of modulators to said trans-

"10 -mission medium whereby a voice modulated car-

rier ¢urrent impulse is applied to said transmis-
sion medium from each of said modulaiors in
succession followmg each timing impulse applied
thereto.

15 9.7Ina time division multiplex telephone sys-

tem, a transmission medium carrying marker im-
‘pulses of alternating current of a supersonic fre-
“quency, each marker impulse being followed by
-2 plurality of signal impulses of voice modulated

.90 ~carrier current, said supersonic frequency being

. different from the frequency of said carrier cur-
rent,. a plurality of voice frequency channels, a
.detector for each voice channel, an amplifier con-
‘necting each detector to said transmission me-

sg5 dium, means normally biasing each of said am-

plifiers to prevent the transmission of signal im-
:pllses 'to the associated detector, means respon-
sive only to marker impulses for generating cor-
~responding switching impulses, means compris-

30 ing delay networks connected in series, one for

‘éach of said amplifiers, for transmitting each
switching impulse to said amplifiers in succes-~
sion, and means. in each amplifier responsive to
each switchihg impulse for rendermg the ampli-

~85 'fler effective to amplify the signal impulse car-

-ried “by . said . transmission medium while the
.switching impulse is bemg a,pphed to the am-
-plifier.

-10. -In & time dmsmn multiplex telephone sys-

40 ‘tem, a plurality of voice channels, a transmission

medium: carrying marker impulses each followed
by & plurality of voice modulated carrier cur-
.rent impulses:in succession, one for each voice
channel, o first group -of amplifier-detectors, a
45 second group-of amplifier-detectors, each of said
-axmplifier-detectors individually associated with a
‘different: orie” of said .voice channels, means di-
-rectly connecting the-amplifier-detectors of said
first-group to -said transmission medium, means
50 -intluding a - group -delay network connecting the
:amplifier-detectors of :said second group to said
transmission .. medium, . means responsive to
‘markeér ‘impulses received from said transmis-
-sien :medium for generating  corresponding

55 iswitching impulses, :-means comprising other de-

day network: for applying each switching impulse
to the amplifier-detectors . of said first group in
succession -and at the same time applying each
-switching -imipulse to the amplifier-detectors of

g0 'said second .group in stccession whereby the sig-

‘nal energy -of each voice modulated carrier cur-
-rent impulse is transmitted- to.a different one of
-said-veice-channels, . - :

o : -~ GEORGE W. GILMAN.
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