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1. 
This invention relates to a communication-sys 

tem,- and particularly to a system of the type 
known as- an interoffice communication system. 
In prior art systems of this type which include 

a plurality of stations, each station is ordinarily. 
connected to at least-asi many circuits, as there 
are stations. With which communication is-to-be 
effected. Installation and maintenance of such 
a System is, accordingly, complicated and expen 
Sive 
One of the objects of this invention is to pro 

Vide... an improved communication system using 
One interconnector between all the stations: 
A further: object of the invention is to provide 

an improved. Communication system in which 
each station-isconnected by a single cable to the 
preceding station and by: one other cable to the 
succeeding station. 
Another object of the invention is to provide 

an improved communication System which is 
comparatively. easy, and inexpensive to install 
and maintain: - 
Another object. of the invention is to provide 

an improved communication: System. Wherein 
communication may be effected with a plurality 
of stations. Over a common interconnector. 
Another object of the invention is to provide 

animproved communication system including a 
number of stations wherein-communication may 
be effected between any two stations of the sys 
tem: by means of an interconnector common to 
all such stations; and wherein a signal will be 
detected by the. station: for. Which it is intended 
and by no other: 
These objects are achieved in accordance with 

the invention-by-connecting stations of the sys tens by means-of-a-single pulse-transmitting-in 
terconnector and by generating synchrcnizing 
pulseS2 in the interconnector; each station in 
cludes means for' applying to 'the interconnector 
amplitudes modulated signal pulses occurring 
during periods-in-the-intervals between the syn 
chronizing.pulses. These pulses differ for each 
station to Which communication is to be effected, 
each station having assigned thereto a portion 
of the time interval between recurring synchro 
nizing pulses. Each station is adapted to detect 
modulated signal pulses- which occur during the 
period assigned to it and during no other period. 
This is:effected by providing: each station with a 
detector which is able to detect modulated-signal 
pulses applied to the interconnector, but which is 
so biased as to give Zero output...except When-en 
ergized by a pulse::from a multivibrator, also pro 
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2. 
adapted to generate pulses only during, the pe. 
riod assigned to the station. in: which it is in 
cluded, and the detector, therefore, detects signal 
pulses occurring during that period and no other. 
The invention may be better, understood from 

the following more detailed. description thereof;. 
When read: in conjunction with the accompany 
ing drawing in which: 

Figure 1 is a block diagram of the system of the 
invention, - 

Figure 2 is-a-diagram illustrating the relation: 
to each other in time and amplitude. of the:Syne 
chronizing and signal pulses beforementioned, 

Figure 3 is a block-diagram illustrating the re 
lation to each other of the essential elements of, 
each station in a System according to the ins: 
vention, and - . . . . . . 

Figure 4 is a -block diagram of each station in 
a preferred embodiment of the invention. . . 
The system comprises a number of stations, 

and by following the teachings of this specifica 
tion, it is possible to include: at least 20: stations. 
in any one': System. In order: not to crowd the 
drawing unduly; only 8- of these stations are: 
shown in Fig. 1, and they are numbered. 1-4 and 
17-20. 
All the Stations are connected-to-a-single-con 

centric line, coaxial cable, or other pulse-trans 
mitting circuit, 22. having its outer conductor. 
grounded. The system may be thought-of as 'a'. 
chain; with sections of the-lines connecting "ad 
jacent' stations. Each station will therefore; 
have only two cables connected to it-(apart from: 
connections: to sources of power), one-going to 

5. the preceding and the other to the succeeding 
station: The line is terminated at: one endi by 
its characteristic impedance 24, and connected: 
to its other end in a pulse unit. 26: which may 
include a multivibrator, amplifier and a clipper, 
or other appropriate means for applying-to-the 
line, and therefore to each station, regularly-re 
curring-synchronizing pulses. Where the con 
munication to be effected by the system is in the: 
form of speech having a frequency not in excess. 
of 3,000 cycles per' second, the pulses may recur: 
at a frequency. of 6,000 cycles per second; but if 
greater fidelity is: desired, the repetition: rates 
should beincreased. - 

Fig. 2 illustrates graphically two of these syn-i- 
chronizing pulses; designated 28a-28b, between 
which there is a time interval...of/6000 of a sec 
ond... This interval is divided into portions, each 
station of the system being assignedi to one of 
these portions. With:20 stations-in- a, system, 

vided at , each station. This: multivibrator. is .55 there will be at least 20-portions in the intervals. 



3. 
between recurring synchronizing pulses. Thus, 
station 3 is assigned to a portion of the interval 
which may be, but is not necessarily, portion 3. 
This portion commences at time t after Synchro 
nizing pulse 28a and lasts for period 3. Simi 
larly, station i? may be assigned to portion ill, 
which commences at time t” after synchronizing 
pulse 28a and lasts for period fl. If a message 
is to be sent from any station of the System to 
station 3, for example, there are generated at 
the sending station (in manner hereinafter ex 
plained) signal pulses 30, which occur during pe 
riod 3 only. These signal pulses are amplitude 
modulated at the sending station, in accordance 
with the message to be sent, and applied to the 
line 22. They are, therefore, received at every 

- station of the line but, as explained, station 3 is 
the only station of the system which can detect 
these pulses. 
propriate modifications apply to every other sta 
tion of the system. 

Referring now to Fig. 3, it will be seen that at 
each station the line 22 is connected to a clipper 
B, from the output of which there are two pulse 
channels 34 and 36 in parallel. One channel 34 
includes two multivibrators D and F, the output 
of the latter multivibrator F being applied 
through a switch S3 to a modulator H. A micro 
phone 32, or other modulating means, is also 
connected to this modulator, the output of the 
modulator being applied by a conductor 38 or 
other pulse-transmitting channel back to the line 
22. The other channel 36 includes multivibra 
tors C and E, in series, the output of the latter 
being applied to a grid electrode of a blocked 
detector G. Another grid, electrode of the de 
tector G is connected by a similar conductor 49 
to the line. 22. The output of the detector is ap 
plied to a speaker 42. The multivibrator Dis 
provided with a number of keys 46. With 20 
stations on a line, each station will have 19 keys 
numbered to correspond with the numbers of 
each of the other stations. These keys are me 
chanically interconnected with the switch S3. 
The tubes constituting the before-mentioned 

multivibrators, clipper, modulator and detector 
at each station are all of well-known types and 
it is not thought necessary to describe then or 
their associated circuits here in any detail. The 
Only Special requirement for the blocked detec 
tor G and the modulator His that they shall each 
have at least two grid electrodes. The clipper B 
may be of the type described in U. S. Patent No. 
2,132,655 to John P. Smith. The multivibrators 
may be of any appropriate type and in particular 
the multivibrator D may be of the type described 
in British Patent No. 456,840 to E. L. C. White. 
The operation of the system is as follows: 

Synchronizing pulses from the line 22 are applied 
to the clipper B, which is so biased as to reject 
all pulses whose amplitude is below the clipping 
level shown in Fig. 2. This may be any conven 
ient level. The synchronizing pulses being in 
excess of that level are cut off by the clipper and 
the clipped top portion of the pulses is employed 
to trigger multivibrator D, which sends out pulses 
commencing with the Synchronizing pulses. The 
duration of these pulses depends on which key is 
pressed. If a message is to be sent to station 3, 
key 3 will be pressed. This will cause multivi 
brator D to give pulses lasting time t. These 
pulses, in turn, trigger multivibrator F, which 
sends out pulses beginning at the conclusion of 
time t and occurring during period 3. These are 
the signal pulses before referred to, and it will be 

Similar considerations with ap 
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4. 
seen that they occur at the same frequency as 
the Synchronizing pulses. Their amplitude is 
such that when fully modulated they do not reach 
the clipping level shown in Fig. 2. 

Pressing the key of multivibrator D at any sta 
tion causes the mechanically interconnected 
SWitch S3 at that station to go from the normal 
(N) or open position to the call (C) or closed 
position. The signal pulses for multivibrator F 
are thus applied through switch S3 to the modu 
lator H, where the pulses are modulated in ac 
cordance With the message from the microphone 
32, and the modulated signal pulses are then ap 

... plied through conductor 38 to the line 22. 
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At this point, it will be observed that every 
station in the system will receive both the syn 
chronizing pulses and the signal pulses from the 
sending station. Since the signal pulses are of 
smaller amplitude than the clipping level, they 
will be rejected by clipper B and will pass through 
conductor. 49 to the detector G which is, how 
ever, so biased as to have zero output except when 
energized by a pulse from the multivibrator. E. 
On the other hand, synchronizing pulses from 
the line 22 are applied to and clipped by the clip 
per B. This, in turn, triggers multivibrator C : 
which gives pulses lasting for a definite time, dif 
ferent for each station. In the case of station 3, 
the pulses will last for time t, and in the case of 
station they will last for time t'. The multi 
vibrator E is triggered by the multivibrator. C 
in the same way as the multivibrator Fis trig 
gered by the multivibrator D; that is to say, it 
Seinds out a narrow pulse commencing at the con 
clusion of the pulse from the multivibrator C and 
lasting for the period assigned to the station in 
which it is included. This pulse is used to ener 
gize the detector G so that in the example given, 
the signal pulses applied to the detector G from 
the line 22 and the energized pulses from the 
multivibrator E will coincide in time at station 
3 only. The detector G then detects the signal 
and its Output is applied to speaker 42. 
In the form thus far described, the operator 

at Station 3 (the receiving station) will hear the 
message transmitted, but will not know from 
What station he is being called until the sender 
tells him; and in order to reply, he will press 
the key of the station from which the signal - 
Cae. - 

Fig. 4 is a block diagram of each station in the 
System in a preferred embodiment of the inven 
tion. Each station will include all the elements 
described in connection with Fig. 3, and, in 
addition thereto, a number of modifications now 
described. A low-pass filter K, inserted between 
the microphone and the modulator H prevents 
modulation of the signal pulses by frequencies." 
higher than half the pulse frequency, that is, 
3,000 cycles per second, since such higher fre 
quencies will cause - undesired signals. Simi 
larly, a low-pass filter J, connected between the is 
detector G and the speaker 42 prevents unde 
sired frequencies higher-than half the pulse fre 
quency from reaching the speaker. . . . . 
In the embodiment of Fig. 4, there are seven 

SWitches in addition to the switch S3. All of these 
SWitches are mechanically interconnected with 
the keys 46. A switch S1 connects the multivi 
brator E to the detector G; S2 connects the filter. 
J to the Speaker 42; and S6 connects the micro 
phone 32 to the filter K. The other switches will 
be described in connection with other elements 
of this embodiment. In addition to the normal 
N and call C contacts, all switches are provided 
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with an intermediatelisten contacti (I); to which the switches go automatically when any key-of: 
the multivibrator Distpressed-halfway, down. 
A conductor? 443 connects the listen contacts of 

SWitch - 

ing to a responsive-station is pressed halfway: 
down, the pulse: from the multivibrator F will 
energize the detector G, and the message being: 
delivered maybe heard on speakeri 42 of the sta 
tion-desiring. - 

purpose, a jumper may be provided between the 
listén and call terminals 2 of the switch S2. In 
addition; a detector-I is connected at its input 
terminals to a point between the détector-G and : 
the filtereJ:... The outputsióf the detector I is con- 15 
nected through a switch:S4 to relays Rand'R: 
Therefore, pressure at any station on the key of the station already being called will energize the - 
relays R1; and R2, at the station which wishes to 

S1 and 'S3, so that if the key correspond.: 6 

6. 
to the seading station; if this has not been 'done autoliatically as previouslyinidicated. . . . . . 
iWhilelin:the system-described each station can: 

call orily one'6ther station at a time, one of thes stations may be adapted-to-modulate the synchro 
nizing spilses; This is equivalent to modulating: 
all the otherpulses atonee; and the message from: 
this stationswill be heard-by'all the otherstations: 
The line 22 has been described as a concertiei ransmit:at message. For this 10 cablé, or any other-circuit capable of transmitting 

pulses: It will be appreciated that by the additions 
of appropriate; tuned-circuits at each station; their 
circuits connecting teach-station may even-beta' 
radio link. It will's also be seen that messages: 
number of pairs of stations of the system. . . . -There hia 
tioni system 
neeted by: a 

may betransmitted simultaneously between any. 
thus been described a communica 

which all the stations are cons gle circuit, along which syrichiro: niakeia' call. The first of these two relays dis-, 20 inizing pulses- and samplitude modulated signals cofanects the multi-vibrator F from the modus 
lator H, and the other supplies holdiin current 
for-the-first, so that no message can be trans 
mitted. . . . . .. 

It makes no difference whether the key is 25: pressed-halfway down or fully down, because as the key goes through the halfway position, the 
switches go to the listen contacts and the output of the detector-Ikeeps both relays energized. If 
secrecy is desired, the jumper between the C and 30. Leontacts of switch S3 may be omitted. 
Another refinement lies in the provision of a 

cal keyer-M, which is connected to a source of power, indicated on the drawing by the designa 
tion B+, through the terminal 2 of the relay R2 35' 
and a switch St. When a key of the multivibrator Dris pressed down fully, the call keyer is ener 
gized through the switch Sir unless R2 has been 
energized by an incoming call and applies to the 
modulatoriH, through the call terminal of switch '40 period assigned to the station to which saidssi S6, a number of low frequency pulses which turn off-the comparatively high-frequency signal pulses. 
applied to that modulator by the multivibrator F. 
The number of these low frequency pulses de 
pends on the station at which it is located. Thus, 45 
if a message is being set from station 3, the high 
frequency pulses will be turned off three times 
by three low frequency'pulses from the call keyer 
M. Each station is also provided with a counter 
L connected to a source of "power through the 50 
normal contact of a switch S3 and to the detector 
G through the normal contact of the switch.S2. 
The counter is provided with a number of lights. 
corresponding to the number of the other. sta 
tions in the system. It counts the number of 55 
times the signal pulses from the sending station. 
are turned off by the call keyer M and switches, 
on the light which corresponds.to the sending. 
station. It may also be adapted to ring a bell. 
or to give such other indication as may be de-60 
sired. By the addition of further relays, it may. 
also be made to operate automatically...the-apa 
propriate-key, 46. of the multivibrator. D, so that 
everything is in readiness to speak back to the . 6 
sending station. 
At the receiving station, also, the relayi:R2 is: 

closed by the incoming call through a switch. S5, 
connected between it and the detector.I, and this 
disconnects the call keyer. M. Closing the relay. 10. 
R2 also immediately connects'-the-microphone; 32. 
to the modulatorihithrough the filter:K, so that: 
to speak:back to the seridings station it is neces-- 
sary only for the operator at theireceiving-station 

pulses occuring in fixed tirre-relation with thes synchronizing pulses-are-transmitted: Each sta 
tion of the system is adapted to detect signal 
pulses, which occur in different timed relation to the synehironizing pulses. is 
I claim as my invention: . . . . . 
1: 'A' communication system including-a-singles pulse-transmitting circuit, a plurality-of-stations: 

effeetively connected Jatipoints on said, circuit; 
means for applyings to said-eircuit regularly-res, 
curring-synchronizing pulses, each of said sta 
tions having assigned thereto a predetermined 
periodin' the intervals between said 'pulses; said. 
period having a predetermineditime-relation to . 
said pulses; and said relation being differentfor: 
each 6f said stations, and means at each station for applying to said circuit modulated signals 
pulses and for selecting a period for the occur 
ence of said signal pulses corresponding to the 
nal pulses-are-to-be transmitted, each station-be ing-adapted to detect said signal pulses during 
the period assigned thereto only .- . 

"2: A. System according to claim 1 characters 
ized by the addition of means at Feaeh station 
controlled by said selection for indicating the sta 
tion at which said selection has been made. 

3. A communication system including a plural: 
ity of stations; a single pulse-transmitting 'eir 
cuit connecting said stations, means for applying 
regularly-recurring synchronizing pulses to said 
circuit; eaeh of said stations being adapted to de 
tect modulated signal pulses applied' to said cir--. 
cuit and occurring during a predetermined pe. 
riods only, said period having as predetermined 
time-relation to said synchronizing pulses- and 
said relation being different for each of said sta 
tions, and means at each station for applying to 
said "circuit modulated signal pulses capable of 
being detected by another of said stations as: 
aforesaid, and for selecting the periods during 
which said “signal pulses- occur. 

4. 'A' communication system including a pit 
rality of stations, cables connected to each of said: 
stations and connecting said station to the pre 
ceding - and succeeding stations respectively, 
means for applying regularly recurring synchro. 
nizing pulses to the circuit constituted by said: 
stations and said 'cables, each of said stations bes. 
ing adapted to detect modulated signal pulses ap 
plied to said circuit and occurring during a pre 
determined, period : only, said period having 'a. 
predetermined time relation to said synchroniz 
ing.jpulsesi and saidi relation being different for to press the key of multivibrator D-corresponding 75 each of said stations, and means at each station: 
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for applying to said circuit modulated signal 
pulses capable of being detected by another of 
said Stations as aforesaid, and for selecting the 
period during which said signal pulses occur. 
5. A communication system including a plural 

ity of stations, a single coaxial cable connecting 
said stations and terminated at one end thereof 
by its characteristic impedance, a pulse unit con 
nected to said cable at its other end for applying 
regularly recurring synchronizing pulses to Said 
cable, each of said stations being adapted to 
detect modulated signal pulses applied to said 
cable and occurring during a predetermined pe 
riod only, said period having a predetermined 
time relation to said synchronizing pulses and 
said relation being different for each of said sta 
tions, and means at each station for applying to said cable modulated signal pulses capable of be-, 

5 

0. 

5. 

ing detected by another of said stations as afore 
said, and for selecting the period during which 
said signal pulses- occur. . . . . . 
6. A communication system including a plu 

rality of stations, a single pulse-transmitting cir 
cuit connecting said stations, means for apply ing regularly-recurring synchronizing pulses to 
said circuit, each of said stations including a 
multivibrator and a detector, said multivibrator being adapted to apply to said detector energiz 

20 

25 

ing pulses occurring during a predetermined pe 
riod only, said period having a predetermined 
time relation to said synchronizing.pulses, and 
said relation being different for each of said sta 

30 

tions, and said detector being adapted to detect - 
modulated signal. pulses applied thereto through 
said circuit on being energized by said multivibra 
tor as aforesaid, and means at each station for applying to said circuit modulated signal pulses 
capable of being detected by another of said sta 
tions as aforesaid, and for selecting the period 
during which said signal pulses occur. 

7. A communication system including a plu 
rality of stations, a pulse- transmitting circuit 
connecting said stations, means for applying reg 
ularly-recurring Synchronizing pulses to said cir 
cuit, each of said stations being adapted to de 
tect modulated signal pulses applied to said cir 
cuit and occuring during a predetermined period 
only, said period having a predetermined time 
relation to said synchronizing pulses and said 
relation being different for each of said stations, 
means at each station including a key-controlled 
multivibrator activated by said synchronizing 
pulses for applying to said circuit modulated sig 
nal pulses capable of being detected by another 
of said stations as aforesaid, and means for se lecting the period during which said signal pulses 
OCC. . . . . . . . . - 

8. A communication circuit including a plural 
ity of stations, a plurality of sections of a coaxial 
cable, each of said sections connecting one of said 

being terminated at one end thereof by its char 
acteristic impedance, a pulse unit including a 
multivibrator connected to the other end of said cable for applying regularly-recurring synchro 
nizing pulses to said circuit, each of said stations 
including a multivibrator, and a detector, said 
last-mentioned multivibrator being adapted to apply to said detector activating pulses occurring 
during a predetermined period only, said period 
having a predetermined time relation to said 
synchronizing pulses, said relation being different. 
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stations to the next succeeding station, said cable 

cuit and occurring during 

70 

for each of said stations, and said detector being 
adapted to detect modulated signal pulses applied 
thereto on being activated by said last-mentioned 75 

8 
multivibrator. as aforesaid, and means at each 
station including a modulator and a key-con 
trolled multivibrator adapted to be activated by 
said synchronizing pulses: for applying to said 
circuit modulated signal pulses capable of being 
detected by another of said stations as aforesaid, 
and for selecting the period during which said 
signal pulses occur. - 

9. A communication System including a single 
pulse-transmitting circuit, a plurality of stations 
effectively connected at points on said circuit, 
means for applying to said circuit regularly-re 
curring Synchronizing pulses, each of said sta 
tions having assigned thereto a predetermined 
period in the intervals between said pulses, said 
period having a predetermined time relation to 
said pulses, and said relation being different for." 
each station of the system, means at each station. 
for generating signal pulses, for selecting periods. 
for the -occurrence of said pulses corresponding 
to the periods assigned to the other stations of 
the System, for modulating said signal pulses and 
for applying said signal pulses to said circuit, 
each of said stations including at least two chan 
nels, means at each station for diverting syn 
chronizing pulses applied thereto to one of said 
channels and signal pulses applied thereto to an 
other of said channels, and means in the second 
of said channels for detecting signal pulses di 
verted thereto and occurring during the period 
assigned to the station in which said detecting 
means are located. . . . . . . . . . . 10. A communication system including a single 
pulse-transmitting circuit, a plurality of stations 
effectively connected at points on said circuit, and 
means for applying to said circuit regularly-re 
curring Synchronizing pulses having an ampli 
tude in excess of a predetermined level, each of 
said stations having assigned thereto a prede 
termined period in the intervals between said 
pulses, said period having a predetermined time 
relation to Said pulses and said relation being 
different for each station of the system, each 
of said stations including (a) a clipper for clip 
ping said pulses at said level and adapted to be 
activated by pulses having an amplitude in ex 
cess of said level, (b) means including at least 
one multivibrator adapted to be activated by said 
clipped pulses for generating signal pulses having - 
an amplitude less than said level by the amount 
of a predetermined amplitude of the modulation, 
(c) means controlled by keys associated with said 
multivibrator for selecting periods for the occur 
rence of said signal pulses, corresponding to the 
periods assigned to the other stations of the sys 
tem, (d) means for modulating said signal pulses 
and for applying said modulated pulses to said 
circuit, (e) means including at least another 
multi-vibrator adapted to be activated by said 
clipped pulses for generating activating pulses 
occurring only during the period assigned to the 
station in which such means are located, and 
(f) means including a detector adapted to be ac 
tivated by said activating pulses only for detect 
ing modulated signal pulses applied to said cir 

the period assigned to 
said station. 11. The method of effecting communication 
between a plurality of stations effectively con 
nected to points on a single pulse-transmitting 
circuit, including the following steps: (1) Gen-. 
erating in said circuit regularly-recurring syn 
chronizing pulses, (2) Adjusting each station of 
the System to a predetermined period in the in 
tervals between said pulses, said. period bearing 
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a predetermined time relation to said pulses and 
said relation being different for each of said sta 
tions, (3) Generating signal pulses at one sta 
tion, (4) Selecting a period for the occurrence 
of Said signal pulses corresponding to the period 5 
assigned to a responding station, (5) Modulating 
said signal pulses in amplitude in accordance 
with the communication to be effected, (6) Ap 

10 
plying said modulated pulses to said circuit, 
(7) Diverting synchronizing and signal pulses 
applied to said responding station into separate 
channels, (8) Detecting signal pulses diverted 
to one of Said channels and occurring during the 
period assigned to the responding station. 

ATERED C. SCHROEDER. 
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