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PULSE MULTIPLEXCOMMUNICATION 
SYSTEM 

Edmond M. Deloraine, New York, and Justin L. 
Fearing, Scarsdale, N. Y., assignors to Federal 
Telephone and Radio Corporation, New York, 
N. Y., a corporation of Delaware 

Application October 19, 1943, Serial No. 506,802 
(C. 19-15) 35 Claims. 

This invention relates to multiplex communi 
cation systems and methods utilizing electrical 
pulses, and is particularly adapted for telephone, 
either wire or wireless, and other signalling and 
pulse controlling Systems. 

In the United States patent to E. M. Deloraine 
A. H. Reeves No. 2,262,838 and the correspond 
ing British Patent No. 509,820, a multiplex sig 
nalling System utilizing time modulation of elec 
trical pulses as distinguished from amplitude 
modulated pulses is disclosed. In the Deloraine 
Reeves System, the signals are transmitted in 
dependent of variation of pulse amplitude, the 
pulses being of small constant width compared 
with the time interval between successive pulses 
for the same channel. The time displacement of 
the pulses is also small and is maintained within 
limits, the interval of which is small compared 
to the time intervals between successive pulses. 
The time intervals between the pulses of a given 
channel are filled with pulses of other channels 
for multiplexing purposes. To avoid Overlap be 
tween the pulses of different channels, the pulses 
of the several channels are differently timed by a 
distributor at the sending terminal and the 
receiving channels at the receiving terminal 
are synchronized therewith by a segond dis 
tributor which is locked in step with the first 
distributor by separate means. 

In a Copending application of E. M. Deloraine 
and N. H. Young, Jr., Serial No. 504,204, fled 
September 29, 1943, entitled 
circuit for multiplex systems,' a multiplex system 
is disclosed which overcomes the necessity of 
Separate Synchronizing means between the 
transmitting and receiving terminals. This 
Synchronizing is accomplished in the Deloraine 
Young System by using the average tining or 
cadence frequency of the multi-channel pulses 
to generate a receiver controlling wave of a fre 
quency corresponding to the frequency of the 
control wave used at the transmitter. For moni 
toring purposes, the Deloraine-Young system 
provides a monitoring interval between groups 
of channel pulses, and where desired, may pro 
vide the monitoring interval with a special moni 
tOring impulse modulated with a desired signal. 
In a co-pending E. M. Deloraine application, 

Serial No. 504,881, filed Oct. 4, 1943, and entitled 
"Communication and signaling systems,' a multi 
plex System is disclosed using time modulated 
pulses both for ringing and transmission of voice 
without requiring transformation of the ring 
ing signal as heretofore practiced in telephone 
systems. 
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It is an object of this invention to provide a 

further multiplex pulse signalling System im 
proving upon the aforementioned systems of the 
aforesaid patent and Copending applications. 
Another object of this invention is to provide 

a method and means for multiplex signalling 
utilizing a form of time modulation of pulses for 
each channel wherein the timing characteristic 
of the pulses of a plurality of channels is such 
that when the pulses are mixed together in a 
common transmission medium they provide. 
periodic time intervals useful for monitoring 
purposes. 
Another object is to provide a method and 

means for monitoring and synchronizing the re 
ceiving stations of terminals and/or branch lines 
of a multiplex communication system with the 
proper sending stations thereof without using 
transmission means other than the transmission 
of channel pulses. 
Another object is to provide a method and 

means for time modulating the pulses of each 
channel for both voice and ringing signals with 
out requiring transformation of the ringing sig 
nals. 
Another object is to provide a multiplex pulse 

signalling system with a repeater amplifier for 
reshaping the pulses so as to minimize the in 
troduction of Cross-talk Or hum from adjacent 
lines and other interference sources. 

Still another object is to provide a multiplex 
pulse transmitting system With means for se 
lectively connecting One or more trunk or branch 
line circuits with any one of the channels of the 
Systema. 

In accordance vith the multiplexing princi 
ples of the present invention, a plurality of com 
munication channels are provided by produc 
ing trains of electrical pulses One such train for 
each channel. The stations of each terminal of 
the system are each provided with a transmit 
ting circuit and a receiving circuit, the trans 
mitting circuit being used to generate the pulses 
for one channel and the receiving circuit being 
used to receive the pulses of another or return 
channel. The pulses of each channel preferably 
are paired off, with the pulses of each pair, when 
unmodulated, having a time interval therebetween 
smaller than the time interval between succeeding 
pairs of pulses. The different trains of channel 
pulses from a terminal are differently timed so 
that when they are fed to a transmission line they 
sandwich together with a given time spacing be 
tween succeeding pulses thereby permitting a 
given amount of time modulation without inter 
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ference from pulses of other channels. 
paired-off relation of the pulses operates to 
form distinct groups of the pulses with a charac 
teristic monitoring interval between succeeding 
grOuPS. 
The receiving circuit of each sub-station and 

trunkline is provided with a gate circuit whereby 
only those pulses of the desired channel or chan 
nels are segregated from the other channel pulses 
present in the common transmission medium. In 
order to synchronize the receiving sub-stations 
and trunk lines with the proper channels, the 
characteristic grouping of the channel pulses may 
be utilized. Where the grouping is separated by 
a given time interval, a suitable monitoring indi 
cator such as a cathode ray oscillograph together 
with a phase control device may be used for tim 
ing the gate control circuits for the receiving 
sub-stations and trunk lines. Should one chan 
nel be used with a given tone or other marker 
signal to separate the pulse groups or to designate 
a given channel in the group, an audible or other 
form of marker detector may be used in place of 

The . 
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or in conjunction with the oscillograph indicator. 
Regardless of the character of the monitoring de 
vice selected, a single monitoring device may be 
used for each sub-station or trunk line or to Con 
trol, a band of sub-stations, whichever may be 
desired. 
The time modulated pulses representing a plu 

rality of channels may be transmitted directly 
between sending and receiving stations as Video 
pulses over a line or coaxial cable without being 
first converted into carrier Waves, or the pulses 
may be employed to modulate carrier waves which 
are then transmitted through a common medium 
such as a line circuit, coaxial cable, a dielectric 
Wave guide or through space between antennas. 
Many advantages are present in the use of time 

modulation as compared with amplitude modula 
tion in multiplexing. For example, since the sig 
nals in all the channels are transmitted with time 
modulation, the pulses are maintained at substan 
tially constant amplitude, thereby permitting the 
use of line amplifiers and various other devices. 
which are of simple, low cost construction with 
out the necessity of providing for linearlty of 
amplitude amplification or the use of elaborate 
filters such as are required in multiplex systems 
of the frequency selective type. - 
Another advantage is that noise and interfer 

ing disturbances originating outside or within the 
system such as the introduction of cross-talk and 
hum from adjacent lines are readily eliminated 
or counteracted by simple clipping and reshaping. 
operations which serve to cut off and reduce the 
unwanted components accompanying the desired 
pulses. Since the pulses are relatively sharp in 
duration, they may be economically increased in 
amplitude to such a value that they considerably 
exceed the amplitude of ordinary noise and other 
disturbances in the common medium and no loss 
of signal modulation occurs when the upper and 
lower portions of the pulses are clipped. Line 
repeaters are thus enabled to regenerate all sig 
nals in the line without repeating appreciably 
any objectionable noise or other disturbances and 
to send out on the line a signal pulse of given 
amplitude and width regardless of fluctuations 
in the amplitude of incoming signal pulses reach 
ing the repeater. The necessity for automatic 
gain control and compensating adjustments of 
amplifier gain, together with the cost of elaborate 
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4. 
purposes in systems employing varying ampli 
tudes, are thus avoided. 
A further feature of the present invention is 

that the type of signal modulation and arrange 
ment of pulses employed is adapted for mainte 
nance of privacy of communication without be 
ing readily intercepted or obliterated, either by 
ordinary listening-in devices of an unauthorized 
character or by jamming operations such as may 
completely obliterate ordinary amplitude modu 
lated signals. 
The above and other objects and features of the 

invention will be understood more clearly upon 
reference to the following detailed description to 
be read in connection with the accompanying 
drawings, in which: 

Fig. 1 is a block diagram of a multiplex sig 
nalling system provided with West and east ter 
minals in accordance with the principles of Our 
invention; 

Fig. 2 is a schematic wiring diagram of one 
of the forms of push-pull modulators that may 
be used in the multiplex signalling system; 

Fig. 3 is a graphical illustration of a set of 
curves illustrating the pulse generation and mod 
ulation timing performed by a group of three 
modulators of the character shown in Fig. 2; 

Fig. 4 is a block diagram of second form of 
push-pull modulator that may be used in the 
multiplex signalling System; 

Fig. 5 is a graphical illustration of a set of 
curves illustrating the operation of the modulator 
of Fig. 4; 

Fig. 6 is a schematic wiring diagram. Of a de 
modulator and timing circuit therefor adapted for 
selective reception of the pulses of a given channel 
separately from the pulses of other channels; 

Fig. 7 is a graphical illustration of a set of 
curves useful for explaining the operation of 
the demodulator and timing circuit of Fig. 6; 

Fig. 8 is a schematic wiring diagram of a modi 
fied form of demodulator and timing circuit; 

Figs. 9 and 10 are schematic wiring diagrams 
of two forms of phase shifters used in the multi 
plex System; 

Fig. 11 is a schematic wiring diagram of the 
circuit details of the operator's supervisory unit 
for the east terminal which operates to produce 
the necessary timing wave energy for the stations 
for that terminal; 

Fig. 12 is a schematic wiring diagram of a 
line amplifier for the transmission ink of the 
System; 

Figs. 13 and 14 are diagrammatical showings 
of the screen of a cathode ray oscilloscope illus 
trating how the channels of communication may 
be monitored; and 

Fig. 15 is a schematic block diagram of a 
branch line terminal connected to the transmis 
sion link of the System shown in Fig. 1. 

Referring to Fig. 1 of the drawings, an embodi 
ment of the multiplexing system is shown for 
purposes of illustrating the principles of the in 
vention. The System shown is provided with two 
(west and east) terminals interconnected by a 
transmission hink 25. Additional terminals such 
as drop channel and/or channel inserter termi 
nals may be included as will be made clear here 
inafter. 

Each terminal includes a plurality of terminal 
stations f, 2 . . . n, and an operator's super 
visory unit such as unit 26 at the west terminal, 
which includes a base wave source 2 and a moni 
toring visual indicator 28. Each terminal sta 

equipment usually provided for these and other stion includes a sub-station 3, a modulator 33, 
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a demodulator 34, a hybrid connection 32 con 
necting the modulator, and demodulator to the 
sub-station, and two control circuits 35 and 36. 
The circuit 35 contains a phase shifter 37 by 
which energy from the master wave source 2 is 
properly phased for timing of the pulses gener 
ated by the modulator 33. The circuit 36 has a 
phase shifter, 38 similar to phase shifter 3 to 
gether with a timer circuit 39 for a generation 
of gate pulses for controlling the operation of 
demodulator 34. 
The sub-station 3 is of known character, such 

as commonly used for selectively switching in 
telephone lines and the like for two-way conver 
Sation. 
The hybrid connection 32 is of known form 

having a balancing impedance 2 whereby signal 
energy from the sub-station 3 f is properly applied 
to the modulator 33 and signal energy from de 
modulator 34 is applied to the sub-station 3. 

Modallator circuits 
The modulator 33 may be any one of several 

forms whereby a train of electrical pulses, either 
generated by the modulator or by a separate 
source, is time modulated according to a signal 
wave. This time modulation of the pulses is pref 
erably biased so that when the pulses of all the 
channels are mixed together in a Common me 
dium, they form distinct groups separated by a 
monitoring interval of predetermined duration. 

Monitoring intervals may be obtained by using 
balanced modulators with one channel Omitted 
such as disclosed in the aforesaid Deloraine 
Young application Serial No. 504,204. Such ar 
rangement, however, produces two such intervals 

6 
of the cathodes 5 and 52 of a full-wave rectifier 
50. Connected across the connections to the 
cathodes is a capacitor by which the circuits in 
cluding the transformer secondaries are tuned 
to the frequency of the time control wave. The 
anodes 53 and 54 of the rectifier 50 are connected 
together and through an output resistance 55 to 
ground. 
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for each period of the time control wave. In the 
present invention we have discovered that one 
such interval may be obtained per period of the 
time control wave thereby saving timing space for 
the channels of communication. This is accom 
plished by properly biasing and controlling the 
modulating operation of a "push-pull' type of 
modulator. The push-pull modulator, for exam 
ple, may be of the cusper type disclosed in the 
Copending joint, application of E. Labin-D. D. 
Grieg, Serial No. 455,897, filed August 24, 1942, or 
of the gate clipping type disclosed in a second 
joint copending application of E. Labin-D. D. 
Grieg, Serial No. 455,899, also filed August 24, 
1942, or any other suitable form. n 
A circuit of the cusper type of modulation is 

I shown in Fig. 2. The modulating signal wave in 
' ' ... put from sub-station 3 is applied to an ampli 

tude limiter AL, which may be of any well known 
type such as known automatic volume control 
means adapted to limit the amplitude of waves 
to a predetermined value. The output of the am 
plitude limiter AL feeds the primary of a trans 
former 40 which has a two winding secondary 
4, 42. Between the windings 4 and 42 is con 
nected a direct current biasing source of poten 
tial 43 having in shunt therewith a potentiometer 
is whose sliding contact is connected to ground. 
A condenser 45 of negligibly low impedance at 
speech frequencies is connected between the slider 
of the potentiometer and each terminal thereof, 
in order to by-pass components of the speech 
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waves and of the channel timing wave around the 
biasing source. In series with each of the two 
secondary windings 4 and 42 is connected one, 
of two secondary windings 46 and 47 of an input 
transformer 48 for the time control wavel up 
(Fig. 3). Each of the secondary windings 46 and 
47 of the transformer 48 is connected with one 

70 

The operation of the cusper of Fig. 2 will be 
clear from reference to Fig. 3. The time control 
wave up (curve a) fed over line 35 from phase 
shifter 37 (Fig. 1) is applied to the primary of 
the transformer 48 (Fig. 2). The setting of the 
potentiometer 44 controls the bias on the cusper 
at a potential level such as indicated at 59 in 
curve a. The full-wave rectification of the wave 
thus occurs with reference to the level 59 as the 
axis of rectification thereby producing an output 
wave 60 having cusps 6, 62, 63, etc., (curve b) 
in the output voltage across resistor 55. These 
cusps are paired off in time with the interval 3t 
between the cusps of each pair (see pulse pair 
61, 62) Smaller tham the interval 4t between suc 
ceeding pairs of cusps. The unit t is the time 
interval allowed for each pulse. This relation 
ship of the two intervals represented by 3t and 4t 
is determined by the selected bias on the cusper, 
the pulse width and the number of channels to 
be contained in one period of the time control 
wave w. The relationship shown in Fig. 3 is 
Selected for three channels and the pulse widths 
produced from the cusps are so selected as to 
provide for a given degree of time modulation 
and yet leave a safety interval S between the 
Succeeding channel pulses as indicated at curve e. 
This timing feature will be described in more 
detail hereinafter, 
The output of the cusper is connected through 

a coupling condenser 67 of low impedance to the 
cusper waves (curve b), a grid leak 68 and a 
variable resistor 69 to a control grid 65 of vacuum 
tube 66 of a pulse shaper circuit. In the cathode 
to ground circuit of the tube 66 is a variable 
output resistor, 70. The screen and suppressor 
electrodes of the tube are connected in the usual 
manner, the screen being positively polarized by 
the anode source and the suppressor grid being 
connected directly to the cathode. The output 
conductors 7 for the time modulated pulses are 
connected across the resistor 70. 
The control grid resistor 69 of the shaper may 

be varied to adjust the positive. Saturation po 
tential of the tube thereby producing a substan 
tially flat-topped wave in the output, the locking 
potential of the control grid being adjustable by 
varying the cathode resistor 70. By adjusting 

: these two resistors in relation to each other it 
will be seen that the duration of the resulting 
output pulses may be adjusted between wide 
limits. The full line rectangular pulse la in curve 
e of Fig. 3 shows the output pulse corresponding 
to the cusp 6. The duration of the pulse, how 
ever, may be much smaller than shown depending 
upon the adjustment of resistors 69 and 70. The 
pulse laa of curve f is illustrative of a smaller 
width pulse output. It will be understood that 
the pulse width may be reduced to as small as 
1 or 2 microSeconds for a timing wave of six 
kilocycles where 100 channels more or less are 
desired. . 
The maximum limits of time displacement of 

the pulses are controlled by adjustment of the 
amplitude limiter AL (Fig. 2) and are repre 
sented by the levels 72 and 73 in curve a. Thus 

75 the signal variation of a signal wave causing 
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the txis of rectification 59 to vary between limits 
72 and 73 causes the output wave 60 to vary in 
phase between limits 72a and T3a. This signal 
variation causes the output pulse a produced 
from the cusp 6 to vary in displacement between 
the limits 72b and 73b. These limits are i so se 
lected as to allow for the safety interval S be 
tween the limits of modulation of the pulses of 
adjacent channels. 
The proportions of the curves of Fig. 3 are ex 

aggerated for clearness of illustration, it being 
understood, of course, that the undulations of 
the time control waves have been flattened con 
siderably and that in actual practice they are 
narrow so that the limits of modulation 2 and 
73 extend over a portion of the Wave that is 
substantially linear. It will also be understood 
that in practice the cusps 6, 62 etc., are sharp 
and elongated affording a translation thereof 
into substantially rectangular pulses. 
Assume that the west terminal has three sta 

tions and that time control waves D, 2D and 3D 
are supplied to the modulators thereof in the 
timing relation shown in curve a of Fig. 3. Three 
trains of pulses will be produced One for each 
of the time control waves as indicated by the 
cusper waves of curves b, c and d. It will be 
observed that the timing relation of the control 
waves must be selected according to the pulse 
width produced and the limits of modulation 
so as to completely distribute the pulses of the 
three channels throughout the time intervals 
corresponding to the smaller undulations of the 
wave up with regard to the rectification axis 59. 
It follows that because of the Small and large 
undulations of Waves on Opposite sides of axis 
59, the pulses of the three channels form groups 
of six pulses leaving an interval 75 therebetween. 
For synchronizing purposes it is important that 
the interval 75 be maintained equal to the inter 
val it required for each pulse or a small multiple 
thereof so that the pulse train may be used at 
a receiving terminal to control an Oscillator or 
other wave generating circuit tuned to the aver 
age repetition rate of the pulses of each group 
without permitting the wave generating circuit 
to pull out of step. The monitoring intervals 
or other intervals caused by the de-energization 
of terminal stations etc., will not permit loss 
bf Synchronism, so long as a large percentage 
of channel pulses are continued or the remaining 
channel pulses retain the repetition frequency 
component to which the Oscillator at the receiv 
ing termina is tuned. 

It might be thought that the monitoring inter 
Wall between groups of pulses could be made any 
particular value desired. It has been found, 
however, that in a multiplex System having eco 
nomically spaced channels with equal spacings 
therebetween within a group of pulses, and where 
the channel Oscillator at one end of the line 
is synchronized with that at the other end of 
the line, it is necessary to provide a spacing 
between the groups having a predetermined rela 
tion with the spacing between channels within 
a group. For this purpose it has been found 
that the minimum space between the last pulse 
of a group and the first pulse of the next group as 
indicated in curve e of Fig. 3 should be equal to 
the interval it allowed for each pulse within the 
group. The timing interval between groups 
may, however, be greater provided that it is 
precisely an integral number of the channel 
interval it. One reason, for this requirement is 
that each pulse must be so timed as regards its 
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average position that it tends to maintain a 
constant phase relation between one channel 
oscillator, acting as a secondary oscillator, and 
the master oscillator controlling it from the 
other end of the line. 
While an example of the required timing rela 

tionship for the pulses of a three channel multi 
plex System is shown in Fig. 3, it will be under 
stood that these proportions may be varied con 
siderably for diferent width pulses and for dif 
ferent numbers of channels without departing 
from the principles of the present system. The 
pulse width, for example, is shown in curve e 
is W, the pulse being displaceable to the left 
and right maximum displacements D in response 
to modulating potentials. This displacement D 
in each direction is chosen equal to one-half the 
width W for illustration purposes only, it being 
understood that many other dimensional rela 
tionships may be selected. The safety zone S 
is arbitrarily selected equal to the width. D to 
provide a margin of safety against encroach 
ment of one pulse upon another, and to provide 
adequate spacing for segregation of the pulses 
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of one channel from those of other channels at 
the receiving terminal. The relation of these 
values for a system containing from 3 to as high 
as 100 channels, for example, may be expressed 
aS 

For specific examples of timing see the section 
following entitled "Channel timing.' 

It will be observed in Fig. 3 that for three 
channels the period of wave up is divided into 
seven intervals of t duration. That is, the 
period includes twice as many intervals t as there 
are channels plus one interval it for the monitor 
ing interval 5. The oscillator 27 (Fig. 1) which 
may be of any known type of stable oscillator, 
is preferably adjusted or selected for the fre 
quency necessary depending upon the number 
of channels required by the system. If desired, 
a high frequency source may be provided together 
with a suitable frequency divider to reduce the 
frequency to that desired substantially as pro 
vided at the supervisory unit 290 at the east 
termina which is described hereinafter. 
Another form of push-pull modulator that may 

be used in place of the cusper of Fig. 2 is shown 
in Fig. 4. This form of modulator operates on 
the gate clipping principle and includes a pre 
liminary clipping amplifier 80 to which the time 
control wave such as wave up of Fig. 3 is first 
applied. The preliminary clipping amplifier 80 
is used to greatly amplify the time control wave 
and at the same time limit clip the upper and 
lower portions of the wave so that only the cen 
tral portion remains as indicated by the wave 8 
of curve a, Fig. 5. The preliminary clipping 
operation performs two desirable functions: 
One of amplification whereby steep linear lead 
ing and trailing edges are provided for the undu 
lations of wave 8, and second, of limiting the 
peak power of the input Wave. 
The main or gate clipping circuit 84 may be 

any one of several forms disclosed in the afore 
mentioned copending application Serial No. 
455,899. The form shown in Fig. 4 is of the type 
employing dry rectifiers although pentode tubes 
may be used for the same purpose as explained 
in the above-mentioned application. The two 
dry rectifiers 85 and 86 are connected back-to 
back and a Small positive voltage is applied from 
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battery 88 through resistor 89 to the intermedi 
ate point 90. The resistor 89 is preferably at 
least several times larger than the low "forward' 
resistance of the rectifiers although it should be 
low in comparison with the high "back” resist 
ance of the rectifiers. The input wave from 
amplifier 80 is applied through coupling con 
denser 92 to resistor 94 which is preferably 
several times lower than resistor 89. The out 
put of the circuit is delivered across another 
resistor 95 which may be of the same order of 
magnitude as resistor 94. 
For modulating the clipping action, speech sig 

nal input is supplied through the plug 96 to jack 
97. The output of the main clipping circuit 84 
is fed through first and second differentiating 
circuits 98 and 99 and then a clipper or rectifier 
circuit OO. - 

The operation of the circuit shown in Fig. 4 
can best be understood by consideration of the 
curves of Fig. 5. The wave 8 of curve a as here 
in before described represents the output of an 
plifier 80, the initial time control wave having 
been converted into an approximately trapezoidal 
form. In order to bias the clipping Operation ac 
cording to the principles of this invention, the 
ground connection to the jack 97 is provided with 
a battery of which supplies through resistor 94 
a negative bias to the left handside of rectifier 85. 
This results in a bias rectification axis 02 for 
the input wave. Thus, the input wave is made 
unsymmetrical with respect to this axis 02. . 
The upper clipping limit fo3 is controlled by 

the potential of battery 88 at point 90. The rec 
tifier 85 operates only when the input Wave ex 
ceeds the axis O2. Thus, the potential at point 
90 will follow the input potential only when it 
exceeds the negative bias or Zero axis 02 and un 
til the input potential equals the potential of bat 
tery 88. Any potential rise beyond this limit fo3 
will not be transmitted to point 90 so that only 
those portions of wave 8f lying below the limit 
03 and above the axis O2 will pass to the point 

90. In transmission from point 90 to the output 
of the main clipping circuit the rectifier action 
of elements 86 similarly eliminates all potential 
variations below the axis 02 since the point 90 
cannot receive current from the right hand side 
of the circuit but can only deliver current thereto. 
As a result all portions of the curve below the 
axis or lower clipping limit 02 will be blocked. 
The output of the main clipping circuit 84 is 

represented by the trapezoidal wave OS, curve b. 
The output wave 05 is differentiated at 98 there 
by producing a train of alternately positive and 
negative pulses according to curve c.. The pulse 

0, for example, corresponds to the leading edge 
of the trapezoid 06 while the pulse 2 corre 
sponds to the trailing edge of the trapezoid 06. 
The second differentiation performed at 99 pro 
duces the train of pulses of curved, pulses f4 
and 5 corresponding to the pulse to and the 
pulses f6 and 7 corresponding to the pulse 

... f. 2. Curve e represents the output of the clipper 
f OO which operates to remove the negative pulses 
of curved. It will be observed that the pulses of 
curve e are paired off the interval between the 
pulses 4 and 7 being smaller than the inter 
val between pulses 7 and 8 which constitute 
the second pulse of one pair and the first pulse 
of the next succeeding pair, respectively. 
When a signal wave such as a voice is applied 

to the jack 97, it varies the negative bias im 
posed by the battery of thereby varying. in 
effect the position of the gate limits 02, iO3 with 
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respect to the input wave 8. The outer limits 
of this modulation is represented by limits 102a 
and fo3a, curve a, and also by the broken lines 
of curves b, c, d and e. The final output pulses 
on curve e are thus capable of being modulated . 
according to the intelligence applied at the jack 
97 between limits 20 and 2. It will thus be 
apparent that when the modulator of Fig. 4 is 
used in the multiplexing system in Fig. 1, that 
the pulse outputs of a plurality of such modu 
lators will sandwich together in accordance with 
the illustration of curve e in Fig. 3. 

Channel timing 

While a simple example of a three-channel 
circuit has been described for purposes of illus 
tration in connection with the modulators here 
inbefore described, it will be understood that in 
practice Such Systems will have a great many 
more channels. Assume, for example, that the 
frequency of the base or time control wave used 
is 6 k. C. and that the system has 99 channels. 
The monitoring interval will, in such example, 
be equal to two pulse intervals (2t) and the dura 
tion of one cycle of the time control wave will 
equal 2X 99-2 or 200t. In other words, each 
cycle of the time control wave would include 200 
pulse intervals with two of such intervals as the 
monitoring interval (see interval 75, Fig. 3). 
Since there are two pulses for each channel 

per cycle of the time control wave, there are for 
a 6 k. c. wave 2 X 6000 or 12,000 pulses per sec 
ond for each channel. Also, since there are 
166% microseconds per cycle in a 6 k. c. wave, 
each pulse inverval t will equal % of a micro 
second. Referring, for example, to the pulse 
relation illustrated in Fig. 3, W, the duration of 
each pulse will be 4 microsecond; D, the maxi 
mum displacement in each direction will be 6 
microsecond and S, the safety interval will be 
microsecond. 

It will be understood that many other channel 
systems. may be worked out according to the 
principles of this invention, the pulse relation 
depending upon the number of channels, the 
wave frequency, the time spacing allowed for the 
monitoring intervals and the pulse duration, 
degree of modulation, and safety interval be 
tween adjacent channel pulses. For further 
comment on the timing of channels see the sec 
tion labelled "Synchronizing.” 

Demodulator circuits 
The demodulator 34 shown in Fig. 6 translates 

the intelligence conveyed by time modulated 
pulses into amplitude modulated waves for detec 
tion in the usual manner. The demodulator is 
provided with input terminals 20 for an input 
transformer 9, and output terminals 2 for the 
amplitude modulated signal waves. For use in 
multiplexing, the demodulator must be con 
trolled to respond Only to the pulses of a given 
channel. This may be accomplished by means 
of a gate wave and a demodulating wave applied 
to the demodulator circuit over input connec 
tions such as 22 and 23. The gate wave and 
demodulating Wave are derived from a timer 39 
having input terminals 25 for a time control 
wave such as the Wave up of Fig. 3. 
The timer 39 includes two units, a cusper and 

a pulse shaper. The cusper unit is quite similar 
to that of the cusper modulator in Fig. 2, but 
differs therefrom in several respects, such as by 
the omission of the amplitude limiter AL and the 
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modulating signal wave input, and by the addi 
tion of circuit 26. The circuit 26 includes a 
variable resistor 27, a variable capacitor 28 
and an inductor 29 in series, the circuit being 
connected at one end with the primary of trans 
former 4.0a and connected at the other end by 
line 23 to the demodulator 34. A slider 30 is 
provided on the cusper output resistor 55a to vary 
the output voltage. The tuning capacitance con 
nected between the rectifier cathodes 5 a. and 
52a includes two equal capacitors 32 in series, the 
junction of the capacitors being grounded. A 
single capacitor may be employed as in Fig. 2 
by omitting the ground connection. 
The shaper of Fig. 6 has the same circuit as 

that in Fig. 2, but may be, if desired, of the 
form shown in Fig. 8 described hereinafter. The 
output resistor TOa of the pulse shaper is con 
nected by line 22 to the demodulator 34. 
The demodulator 34 includes a vacuum tube 

40 having a control grid 4 to which signal 
pulses are fed through the transformer is. A 
grid leak 42 is shunted across the secondary of 
the transformer through a source of negative po 
tential 35 to ground 36. As will be made clear 
hereinafter, the transformer 9 operates as a 
differentiator for translation of the signal pulses 
into sharp impulses of a character more easily 
segregated from the signal pulses of adjacent 
channels. The tube i40 has a cathode 45 con 
nected to ground, three additional grid elements 
46, 47 and 48 and an anode 49. To the screen 
grid 46 is coupled the line 23 for impressing 
thereon the demodulating wave obtained from 
the primary winding of transformer 4.0a through 
circuit. 26. Suppressor grid 4 is connected to 
the cathode 45. The grid element 48 is cou 
pled to line 22 over which the gate wave is re 
ceived from the timer 39. The grid element 48, 
however, is connected through a high resistance 
leak resistor 5 to a source of negative voltage 
50 which maintains the tube 40 normally biased 

to cut-of so that the energy of the signal pulses 
on grid 4 and the demodulating Wave energy 
on the screen grid 46 will be insufficient to cause 
the tube to pass current until they coincide to gether with pulse energy of the gate wave on grid 
element 48. 
A by-pass condenser 56 shunting the output 

circuit of anode 49 provides a path of relatively 
low impedance for components of a frequency 
above those of the signal waves. A resistor 58 
in shunt with the primary of the output trans 
former 62 damps the output circuit to prevent 
or reduce objectionable transient Oscillations 
which might otherwise result from shock excita 
tion of the circuit by components of the pulses. 
An inductive reactance f 60 may be connected in 
Series with the Secondary of the output trans 
former 62 for still further reducing the output 
of undesired high frequency components above 
the signal wave frequency if desired. It will be 
understood that any suitable low-pass circuit 
means may be provided in either the primary 
or secondary transformer for accomplishing a 
similar result. 
While the time control wave for the timer 39 

may be used as the demodulator wave for the de 
modulator 34, it is preferred to pass the time 
control wave of circuit 26 through a known 
tuned amplifier f2 whereby a suitable harmonic 
of the time control wave is obtainable. It is pref 
erable to employ as high a harmonic as possible 
in order to obtain the advantage of a steeper . 
slope upon which the signal pulses and the gate 
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pulses are to be superimposed for translation of 
the time modulation of the signal pulses into 
effective amplitude modulated pulses as will be 
seen by reference to Fig. 7. 
Curve a of Fig. shows a series of line or chan 

nel signal pulses for a System having three chan 
nels. The curve a shows six pulses in a group 
separated by a monitoring intervals from the 
first pulse of the next group the same as in curve 
e of Fig. 3. Curve b shows the signal pulses after 
differentiation by the input transformer 9, each 
signal pulse such as a being thereafter repre 
sented by two impulses, one positive and the other 
negative, such as a' and la'. Curve C shows a 
series of gate wave pulses ac, y and 2 in such 
alignment with the channel pulses of curve a 
as to pass those pulses representing channel . As 
for other channels, gate waves similar to that 
shown in curve c are each aligned or Synchro 
nized with the pulses of the particular channel 
to be received by the corresponding demodulator. 
Curved shows, for purposes of illustration, a de 
modulating wave to such as would be obtained 
from the primary of transformer 40d, and which 
corresponds directly to the frequency of the time 
control wave used for the three-channel system. 
This wave is of such phase relation to the gate 
wave and the pulses in channel No. as to align 
the sloping portions thereof with the gate pulses 
and the signal pulses of channel . For the most 
effective translation of the timed modulation of 
the signal pulses into amplitude modulated pulses, 
a much higher frequency wave is preferred. 
This is desirable because the side slopes of each 
undulation of the higher frequency WaWe are 
much steeper as is clear from a comparison of 
the waves Oa and 70. When the gate pulses 
and the signal pulses are superimposed thereon, 
it will be clear that the steeper the slope, the 
greater is the amplitude variation obtainable for 
a given amount of pulse displacement. For a 
further understanding of the principles of de 
modulation of time modulated pulses, reference 
is made to the aforesaid Grieg application, Serial 
No. 459,959. 
The different wave potentials applied to the 

grid elements of the demodulator tube include the 
impulses of curve b, the gate wave of curve c 
and the demodulating wave as may be fo, a 
or such other frequency wave desired. Curve e 
shows these different wave potentials combined 
to illustrate the gate and the threshold clipping 
functions of the tube 40 of Fig. 6. The normal 
negative D. C. bias on the grid element 8 may 
be adjusted so that anode current begins to flow 
when the positive signal impulses reach a prede 
termined amplitude such as the threshold level 
72. With this adjustment, anode current is 

produced in the tube 40 only for brief intervals 
corresponding to the peaks of signal impulses 
a', b' etc., the amplitude of the energy passed 
by the tube being substantially directly in pro 
portion to the amount of displacement of the 
signal impulses from their unmodulated posi 
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tions. It will be seen that the top edges of the 
gate wave pulses in curve e are sloped according 
to that of the portion of the demodulating Wave 
upon which the gate pulses are Superimposed. 
Formost purposes, the frequency of the time con 
trol wave such as represented by wave T0 is not 
sufficiently high to provide steep enough sides 
for satisfactory demodulation. This as herein 
before stated, may be overcome by using the tuned 
amplifier 52 to obtain a high odd harmonic from 
the wave 70. The harmonic Oa, for example, 



13 is illustrative of this principle, the steepness óf 
the side slopes thereof being indicated at 170b. 
in graph e for comparison with the top slope of 
gate pulse fac. 

of Fig. 6, the anode current of tube 40 is nor 
mally blocked by the negative bias on grid ele 
ment 48. When a gate pulse such as pulse fac 
of curve c, Fig. 7, is applied, the negative bias on 
the Control grid is reduced to such a value...that 
the peak of the signal impulses will cause appreci 
able anode current to flow through the tube. 
The grid voltage, of course, is varied at the same 
time by the demodulating wave 70 or 70a as 
the case may be. Thus, the gate pulses operate 
to open the demodulator for reception of signal 
impulses. The demodulating wave produces the 
desired slope effect by which the time displace 
ments of the signal impulses are translatedlinear 
ly into amplitude modulated pulses. Since the 

To summarize the operation of the demodulator 
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ticular line may have been capable of sat 
torily transmitting. In other words, 
line be adapted for transmitting a puls 
tain minimum duration, the receiver maybemade 
to respond by differentiation to a considerably 
shorter pulse than the line was capable of effec 
tively transmitting. An advantage of transmits. 
ting the longer duration pulse than that employed. 
at the receiver after differentiation, is that more. 
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20 
signal impulses are all of uniform amplitude, the 
effect of a time modulation of the impulses is to 
vary the effective amplitude of the anode current 
of tube 40 in proportion to the time modulation 
or displacement of the signal impulses. Thus, for 
illustration purposes, let it be assumed that the 
time modulations applied to impulses la', ib'' and 
fic', graph e, Fig. 7, are progressively greater as 
indicated by the broken line positions a, b 
and lic. The resulting anode current for such 
modulation of the signal impulses would be sub 
stantially as indicated by the impulses fa', lib' 
and fic' of curve f. These impulses of curve f 
represent in amplitude variations the time dis 
placement between impulse positions a' to a; 
b” to | lb; and fic” to f c, and the line 73 repre 

seats the envelope defined by the anode current 
impulses. 

It will be understood that these curves greatly 
exaggerate the relative proportions since there 
are for a 6 kc. System, 12,000 signal impulses per 
second. To represent more clearly the envelopes 
defined by these impulses, curve g is provided at 
a reduced scale with three of the impulses there 
of selected as representing impulses fla', fib' and 
fic' of curve f. Audio detection of the signal 
impulses of curve g is represented by the result 
ing wave 73a. 
The advantage of differentiating the input sig 

nals before they are applied to the control grid 
is that differentiation makes it possible in some 
cases to reduce the width of the gate opening to 
approximately 50 per cent of that necessary for 
allowing for the passage of undifferentiated pulses. 
This result will be understood from the fact that 
a very sharp differentiated pulse may be produced 
to represent the response producing edge, Such as: 
the leading edge of the signal pulse, and that it is 
necessary for the gate to be open only wide enough 
to equal the duration of the sharp pulse plus an 
interval corresponding approximately with the 
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signal energy may be transmitted at a fixed am-: 
plitude than if pulses of the very short duration: 
were actually, transmitted on the line. Thus, there 
would generally be less likelihood of the maxi 
mum signal amplitude falling, below the desired: 
value by the time it reaches the receiver. . . . . . 

It will be understood that the sensitivity of 
response of the demodulator increases with in 
crease of slope. Of the demodulating wave.and 
that the slope may be increased by either of two 
methods. One by increasing the amplitude of the 
demodulating wave as indicated at t0b, the D. C. 
negative bias and the gate wave applied to the 
grid, of course, being correspondingly increased. 
The other method as hereinbefore described is to 
employ a higher. Odd harmonic of the channel 
timing wave as indicated by wave 70a, provided 
the minimum gate opening required for passing 
signal pulses does not extend over such a large 
fraction of the demodulating wave cycle that the 
portion of demodulating wave within the limits 
of the gate opening departs appreciably from a 
straight line or departs sufficiently therefrom to 
introduce objectionable disturtion in the demod 
ulating operation. - : * , 

The demodulator and timer of Fig. 8 may be 
substituted for that of Fig. 6. The timer includes 
a cusper unit and a pulse shaper unit as in Fig. 6, 
the cusper being of the same design but the 
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maximum time, displacements caused by modula 
lating signals. 
By differentiating the signal pulses and reduc 

ing the time width of the gate pulses, an advan 
tage results that the signal-to-noise ratio may be 
considerably reduced as compared with that ob 
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70 

line as though the line had satisfactorily trans- . 
mitted pulses of shorter duration and corresponds 
ingly higher signal-to-noise ratio than the par 75 

(87. The positive terminal of the source 95 is 

the negative bias off 50 on tube 40 in Fig. 6." tained when the undifferentiated pulse is applied . . . . g Fºlg 
directly to the control grid. From another point 
of view, an advantage results from the fact that 
the system operates at the received end of the 

shaper differing by having a two-stage amplifier. 
The input of the shaper includes low impedance 
blocking condenser 80 as shown and a grid leak 
resistance f82. The cathodé. 84 of the first tube 
83 is connected through a variable resistor 85 

with the negative terminal of the anode current 
source 90 which is also grounded at 86. The 
cathode resistor 85 is shunted by a low imped 
ance by-pass condenser 88 to prevent feed-back 
of current variations from the output to the input 
circuits. The anode current source is connected 
through a variable resistor 9 with the anode of 
tube 83, the resistor serving as a coupling re 
sistor between the tubes. Resistors 82a and 85a 
and condensers 80a and 88a in the grid circuit 
of tube 94 correspond respectively with resistors 
182 and 85 and condensers 80 and 88 in the 
grid circuit of tube (83. The cathode of the sec 
ond tube 94 is connected to the negative termi 
nal of current source 95 and also grounded at 

connected through an output resistor 96 with th 
anode of the second tube 94. The output con 
nection 97 across the resistor 96 is coupled to 
a grid element 20 t of the demodulator vacuum 
tube 200. The grid element 20 is provided with 
a grid resistor to which is applied a negative bias 
98 of sufficient value to normally maintain the 
tube 200 at cut-off, similarly as in the case of 
The demodulator of Fig. 8 is provided with 

input and output terminals the same as in the 
demodulator of Fig. 6. The tube may be of th 
6L7 pentagrid converter type. Theinput for sig 
nal pulses is shown connected between grid. 203 

i and ground: 99, the grid being 'coupled by the 3. 
low impedance blocking condenser 209 with the 
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upper line conductor and having a grid leak 2 
and negative potential source 2. The cathode 
and suppressor grid of tube 200 are connected to 
ground 99. Grid elements 202 and 204 are con 
nected together and through tuned circuit 2 to 
the positive terminal of the anode current source 
28. 

It will be noted that the Fig. 8 demodulator is 
shown as though the transformer 9 of Fig. 6 
were omitted thus applying the signal pulses with 
out differentiation directly to the control grid of 
the tube. Such arrangement would require that 
the gate pulse be made correspondingly wider 
than in the case of Fig. 6, in Order to accommo 
date the passage of the line pulses a, b, c, etc., 
Fig. 7. It will be understood, however, that the 
transformer 9 of Fig. 6 may be placed in the 
input 230 of Fig. 8, in which case, differentiated 
pulses will be applied to the control grid and the 
gate wave may then be made of the same width 
as in the case of Fig. 6. 

In adjusting the pulse shaper of Fig. 8 for con 
trol of the gate pulses, the maximum duration of 
the gate pulses may be obtained by adjusting the 
cathode resistor 85 which controls the cut-off 
level at which the base of the input wave is 
clipped. By raising the slider 30a on the out 
put of the cusper, the width of the gate may be 
increased and by lowering the slider gate may 
be narrowed. In order that the gate wave may 
have as nearly a rectangular shape as possible, 
the slider of the cusper output resistor is pref 
erably adjusted near its uppermost position with 
the cathode resistor 85 properly adjusted to pro 
vide the desired gate width. The resistor 9 s 
then adjusted to vary the clipping level at the 
top of the output gate wave to provide a gate 
wave of proper amplitude with relation to the 
blocking bias normally acting on grid 20 of the 
demodulator, so that the desired signal impulses 
superposed upon the top of the gate wave pulses, 
produce anode current as hereinbefore described. 
The demodulator tuned circuit 25 is made 

resonant to the frequency of the time control 
wave or preferably to an odd harmonic thereof, 
thereby providing a demodulating wave fre 
quency such that a substantially linear slope of 
proper steepness is provided at the top of each 
gate pulse. 
The incoming signal pulses are applied to grid 

203, those pulses of the proper channel being in 
proper timing with the gate pulses. Resonant 
oscillations are set up in circuit 25 by shock ex 
citation as when the tube 200 conducts anode 
current in response to signal pulses, the initia 
tion of which may be brought about by decreas 
ing the negative bias at 98. These os?illations 
are used as the demodulating Wave since the am 
plitude thereof is directly related with the degree 
of time modulation of the signal pulses. This, as 
explained in the aforesaid Grieg application, Se 
rial No. 459,959, results in a substantially true 
translation of the time displacement of each sig 
nal pulse into corresponding amplitude for an 
output pulse. 
The demodulators and timers of Figs. 6 and 8 

may be employed for the reception of time modul 
lated pulses in systems other than those utilizing 
a double pulse subjected to push-pull displace 
ment. For example, the demodulators and tin 
ers may be used in the case of a time modulat 
ed pulse system wherein all pulses in any one 
channel have equal spacings between the average 
positions of successive pulses and the gate open 
ings are equally spaced apart. 
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Signalling 

In addition to the speech frequency input, the 
modulator and demodulators of the multiplex 
system may be provided with input and Outputs 
respectively, for direct current ringing, code, or 
other signals of a period longer than that of the 
lowest utilized speech frequency component. In 
Fig. 2, a D. C. signal input circuit 240 is connect 
ed across the upper potentiometer condenser, the 
circuit being traced from the upper terminal of 
the potentiometer to the manually operable le 
wer of the key 242 and to the armature of the 
relay 243 and from the back contacts of the key 
and relay through resistor 241 to ground. The 
time constant of resistor 24 in combination with 
the upper potentiometer condenser 45 and its 
connected circuits is preferably slightly greater 
than the period of the lowest utilized speech fre 
quency component. The relay coil may be en 
ergized by any suitable A. C. current circuit 245 
such as a telephone ringing control circuit for 
use with the telephone channel, or may be eneror 
gized by any desired circuit for sending low fre" 
quency D. C. signals, such as a telegraph chan 
nel. The manual key 242 may be closed to send 
a signal or code message to an operator at the 
distant end of the channel. 

Referring to Figs. 6, and 8, the anodes of the 
tubes of the demodulator circuits each connects 
conductively through an inductor or choke coil 
250 in series with the coll of a marginal slow act 
ing relay 25. The main output for speech fre 
quency waves in each circuit includes a trans 
former 62 whose primary is connected at One end 
by a blocking condenser 254 with the anode, the 
other end being connected directly with the poS1 
tive terminal of the anode current source, so that 
the main output transformer is capacity coupled 
across the relay and choke coil which acts as a 
relatively high impedance to the speech fre 
quency waves. 
The relay when operated closes its contacts to 

light the supervisory lamp 255 or to operate some 
other signal for the terminal supervisory Operan 
tor, and/or to transmit a ringing current or ring 
ing control current for use in conjunction with 
the telephone circuit of the channel. The relay 
is preferably designed to have a minimum re 
sponse period slightly longer than that of the 
lowest utilized speech frequency component, and 
is adjusted to respond to closure of the modul 
lator signal key or relay contacts when the de 
modulator is properly aligned with the incoming 
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channel pulses, but is adjusted to be non-respon 
sive to the anode current produced by unmodul 
lated pulses. 

Phase shifters 
Figs, 9 and 10 show phase shifters previously 

referred to in connection with the adjustment 
of the time control circuits for the different 
channels of communication. The phase shifter 
of Fig. 9 is of the character used in the multiplex, 
system of Fig. 1 identified by reference chair 
acter 37 and labelled "PH.' The phase shifter 
includes a transformer 260 whose primary serves 
as an input and whose secondary provides the 
output current, a capacitor 26 being provided 
in series with a resistor 262 connected across the 
secondary of the transformer, and the output 
of the phase shifter being connected directly 
across the resistor. Either the capacitor or re 
sistor or both of these elements may be adjusted 
to vary the phase relation of the output wave 

7s with respect to the input wave. The Fig. 9 unit 
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is of simple form and is employed in parts of the 
circuit of Fig. 1 where Only Small range adjust 
ments are required. 
If desired, the phase shifter unit 370 shown 

in Fig. 10 may be used as the individual phase 
shifters PH in Fig. 1. This unit includes a trans 
former as in the case of Fig. 9 but differing from 
that of the Fig. 9 by having two branches 265 
and 266 connected across the secondary thereof. 
The branch 265 includes a capacitor 267 in series 
with a variable resistor 268. 
includes a variable resistor 270 in series with a 
capacitor 27 . The output of the phase shifter 
has two terminals, one being connected between 
the capacitor and resistor of branch 265 and the 
other being connected between the correspond 
ing elements of branch 266. 
By varying both resistors simultaneously or 

both capacitors simultaneously, the phase angle 
between the output and input waves of the phase 
shifter may be varied with only a small variation 
in amplitude with change of angle as compared 
with that obtained with the Fig. 9 form of phase 
shifter. Fig. i0 is, therefore, better adapted for 
convenient adjustment for the different phase 
angles required for the different channel time 
control waves fed to the different channel mod 
ulators and demodulators in Fig. 1. 

It will be noted that Fig. 10 includes a plural 
ity of phase shifter units 370 the inputs of which 
are connected in parallel, while one terminal of 
the output circuit of each is connected with the 
upper output conductor 275 and the other ter 
minal of each phase shifter unit is connected to 
a different contact on a selector switch 276 whose 
contact arm 27 connects directly with the other 
output conductor 280. This plural arrangement 
of phase shifters represents the step type of phase 
shifter used in the system of Fig. 1 and identified 
by the label PH. Each unit 370 is differently ad 
justed, preferably by an amount equal to the 
difference in timing between two adjacent chan 
nels, so that by step actuation of arm2 the 
time control waves from source 27 (Fig. 1) may 
be shifted in phase from one channel timing to 
the next. 
The variable reactance 282 shown as an in 

ductive reactance in series with the Lipper input 
conductor 273, permits small adjustments of the 
entire series of phase shifters 370 as a gTOLlp 
without affecting the phase angles therebetween. 
One advantage of employing the transformer 

type of coupling within the phase shifter PH is 
that a 180 shift of phase may be obtained read 
ily by merely reversing the primary or Secondary 
terminal connections, so that when adjustment 
of the branch circuits across the Secondary pro 
vides a maximum phase adjustment of 180°, a 
reversal of the terminal connections on one of 
the transformer windings extends the Irange of 
phase angle adjustments to 360°. It will be 
understood that any other suitable form of phase 
shifter may be employed, provided the required 
steps of phase angle adjustment may be ob. 
tained by adjustment of the selector switch and 
provided that means are included for Controlling 
the phase shifter PH as a whole Without affect 
ing the angle between the small units 370. The 
phase shifters PH are located in the Supervisory 
units of the system of Fig. 1 and their utility 
therein will be further described in the follow 
ing description of the supervisory units. 

The branch 266 
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Referring to the operator's Supervisory unit . 
26 at the west terminal of Fig. 1, the master wave 75 form but as chosen for purposes of illustration is 

18 
source 27 thereof may comprise any known stable 
oscillator adjustable or fixed for producing a 
master time control wave of the frequency de 
sired. The output of the master oscillator 2 is 
applied to the input of a phase shifter 28 of the 
step type disclosed in Fig. 10. The output of the 
phase shifter 278 is applied to an amplifier 20 
and thence over line 35 to the individual phase 
shifters PH (37 for west termina station. No. 1) of 
the modulator circuits M. Referring to Fig. 3, 
it will be understood that the maste oscillator 
provides a time control wave which when applied 
to the line 35 is transmitted to the modulators 
of the different stations with the energy thereof 
shifted according to the adjustment of the in 
dividual phase shifters PH thereby providing dif 
ferent time control Waves. fuo 2uo, Szo, etc., from 
which trains of pulses are produced at the dif 
ferent stations. The amplifier 2D serves as a 
buffer amplifier between the individual phase 
shifters PH and the step phase shifter 278. The 
line 36 for providing time control waves for the 
demodulator circuits is connected to the output 
of amplifier 280 through a second step phase 
Shifter 279 and a buffer amplifier 28. It wil 
thus be understood that the wave energy sup 
plied to the demodulator circuits may be of a 
timing different from the wave energy supplied 
over line 35 to the modulator circuits. The rea 
Son for this will be made clear later on in the description. 

Synchronizing 
Referring to the operator's supervisory unit 

290 for the east terminal of Fig. 1. it will be ot. 
Served that the source of time control waves for 
the stations thereof includes a frequency or pulse 
divider 29, an oscillator 292, a step phase shifter 
293 and a buffer amplifier 294. The output of 
amplifier 294 is used for isolating the modulator 
and demodulator circuits of the east terminal 
stations. The oscillator 292 is synchronized with 
the time control of oscillator 27 at the west ter 
minal by means of the average repetition rate of 
the channel pulses passed by the divider 29. 
The output of the modulators of the stations 

at the west terminal, for example, is applied 
through plug-jack connections 296 to a trans 
mission line. 297 which feeds into a repeater 
amplifier 30 in one of the lines of a two-line 
transmission link 25. As shown generally in 
Fig.1, the transmission lines of the link each in 
cludes two repeater amplifiers, such as the re 
peaters 30 and 302 details of which are shown 
in Fig. 12 whereby the channel pulses after be 
ing transmitted a given distance are reshaped 
to a desired amplitude and width so that when 
applied to the input line 304 at the east terminal 
they will have a given shape in spite of the at 
tenuating characteristics of the line. The line 
30 feeds the channel pulses to the demodulator 
circuits of each station and also to the input of the divider 29. 

In Fig. 11 is shown the wave generating and 
phase control units of the supervisory unit 29. 
The frequency or pulse divider 29 f is preferably 
placed at the input connection 305 to the osci 
lator. 292, although it may follow the oscillator 
if desired. The divider 29 may be of any known 
form such as the mixing type or the hybrid coil 
type and preferably arranged to allow for division 
by even, Odd or a combination of even and odd 
multiples whichever may be desired. 
The oscillator 292 may also be of any known 
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of the form described in a copending application 
of D. D. Grieg, Serial No. 458,855, filed September 
18, 1942. The oscillator 292 includes an ampli 

- fier tube 30 having an input connection includ 
ing three capacitors C1, Ca and C3 in series and 
three shunt resistors R1,R2 and R3 and a feed 
back path 32 provided between the anode and 
control grid electrodes 3 and 33 respectively. 
This feedback is adjusted so that the amplifier 
produces continuous oscillations with a high de 
gree of stability. The input from the divider 
29 is connected through a resistor 38 connected 
in circuit between the capacitors C and C3, so 
that the incoming pulses reach the control grid 
through a capacity coupling, the pulse input cir 
cuit being thus partially isolated from the out 
put circuit of the Oscillator. The resulting cir 
cuit is responsive to incoming pulses which, when 
timed to the same period as that of the oscillator 
or a period very close thereto, pull the Oscillator 
into synchronism therewith. The oscillator 
should, however, preferably have sufficient fly 
wheel effect, or inertia, to respond with only a 
negligible change of phase when the incoming 
pulses are push-pull modulated. 
Since the oscillator 292 must be of such a "Q' 

as to permit its being pulled into step with the 
pulses from divider 29, the resulting wave pro 
duced will be somewhat distorted. The tuned 
circuit 320 in the output of the oscillator over 
comes the distortion, Circuit 320 is coupled to 
the anode circuit 32 through a high resistance 
322, the circuit 320 being of a high 'Q' and sharp 
ly tuned to the frequency of the time control 
wave desired for the demodulators M at the east 
terminal. Following the circuit 320 is the phase 
shifter 293 shown in Figs. 1 and 10. 

It will thus be understood that the channel 
pulses received by the divider 29 from the west 
terminal controls the Operation of the Oscillator 
292, and that the time control wave output to 
the phase shifter 293 will have a period corre 
sponding substantially identically to the period 
of the time control Wave applied to the modu 
latOr and demodulator of the West terminal from 
the supervisory unit 26, thereby enabling an op 
erator to effect proper synchronism of the sending 
and receiving terminals. 

Repeater amplifiers 
Where the terminals of the System are some 

distance apart, line amplifiers or repeaters will 
be required to reshape and amplify the pulses 
during transmission. Fig. 12 shows such an 
amplifier for use in a one-way line. An ampli 
fler of this type may be employed at suitable 
points along the line between terminals and in 
the input and output connections thereof. The 
transmission line 297-304 of Fig. 1, for example, 
is shown with two such amplifiers at 30 and 302. 
To the left in Fig. 12 is shown the grounded 

sheath 34 of a coaxial cable 340 having an 
inner conductor 342 coupled to the control grid 
343 of amplifier tube 344 of stage A. The grid 
leak 346 of stage A is chosen of such resistance 
as to equal the characteristic impedance Of the 
cable 340. The stage A, besides being used to 
match the characteristic impedance of the cable, 
is also used to threshold clip the channel pulses 
as indicated at 348 thereby eliminating at least 
part of the accompanying noise components that 
may be present. 
stage D is a known type of limit clipping 

amplifier which is useful for eliminating noise 
components superimposed on the channel pulses 
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as indicated by the clipping level 350. The re 
Sulting pulse shape 352 is thus substantially freed 
of all noise components with the possible ex 
ception of those noise components that may be 
Superimposed on the substantially vertical lead 
ing and trailing edges of the channel pulses. 
This latter distortion while very small neverthe 
less is a source of interference. 
This latter distortion, however, may be largely 

eliminated by reshaping the channel pulses. 
This is accomplished by differentiating the pulses 
of the shape indicated at 352 by the differenti 
ator stage C thereby obtaining for each input 
pulse two narrow width impulses 354 and 355 
which correspond to the leading and trailing 
edges thereof. The impulse 354 is used to trig 
ger the multivibrator stage D which preferably 
is of the type commonly known as "flip-flop 
multivibrator' adapted to be triggered from one 
state of operation to another and to return to 
said one state of operation after a predetermined 
interval. This return function is controlled by 
the bias imposed upon the multivibrator and by 
proper adjustment of the bias, the multivibrator 
may be made to produce output pulses 356 of a 
desired width corresponding exactly to the width 
of the channel pulses as originally produced at 
the sending terminal. 
Stage E is similar to stage A in that the im 

pedance of the output circuit thereof is arranged 
to match the characteristic impedance of the 
cable 360 or any other line to which the stage may 
be coupled. The stage E may also be used to 
further shape the channel pulses by limiting the 
amplitude thereof. 
From the foregoing description it will be clear 

that the repeater amplifiers not only overcome 
attenuation of amplitude of the input pulses but 
also reshape the channel pulses to eliminate 
Substantially all noise components that may be 
present either due to outside influence or pro 
duced in the system itself. It will be readily 
apparent that the repeaters in reshaping the 
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input pulses reproduce, without changing the 
time modulation thereof, the original shape of 
the channel pulses both as to width and ampli 
tude, and if desired, may even be used to pro 
vide other pulse dimensions as well. It will also 
be understood that the first and last stages of 
the repeaters operate as buffer stages to match 
the characteristic impedance of the associated 
transmission lines and circuits. 

Operation of multipleacing system 
ASSuming that the system is properly moni 

tored so that the modulators and demodulators 
of the corresponding sub-station units of the two 
terminals are timed to avoid channel interfer 
ence, multiple channel transmission from the 
West terminal to the east terminal of Fig. 1 
will occur substantially as illustrated in Fig. 3. 

Each modulator of the three stations shown 
in Fig. 1, for example, is supplied with a time 
control wave such as waves up, 20 and 3D over 
line 35 from the master oscillator 2. The phase 
shifters PH connected to line 35 are adjusted to 
time differently the wave energy as shown in 
curve a of Fig. 3. Since push-pull modulation 
is employed, the pulses produced by the modula 
tors M are paired off with the interval 4t be 
tween successive pairs greater than the interval 
3t between the pulses of each pair. When the 
trains of pulses from the modulators are mixed 
together in transmission line 297 for application 
to the transmission link 25, they form distinct, 
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pulse groups with a monitoring interval 75 be 
tween the groups as shown by curve e of Fig. 3 
(see also curve a of Fig. 7). This characteristic 
grouping of the channel pulses may be con 
trolled by proper Selection of pulse widths and 
the bias maintained on the modulator circuit 
so that the interval 75 is equal to the same inter 
wal required by one or two signal pulses, as the 
case may be. This timing relationship is used, 
not only for monitoring purposes but also for 
synchronizing the timing waves for the de 
modulators at the receiving terminal with the 
time control waves at the sending terminal. 
At the east or other receiving terminal, the 

pulse train of curve e, Fig. 3, or curve a, Fig. 7, 
is applied to each station unit alike. The wave 
energy used for timing the demodulators of the 
receiving stations is derived from the frequency 
divider 29 and thence to oscillator 292. The 
frequency or pulse divider reduces by one or more 
stages the repetition frequency of the channel 
pulses to the frequency desired for oscillator 292. 
The resulting pulses pull the oscillator into step. 
The resulting wave produced by oscillator 292 is 
Smoothed as hereinbefore stated by the Sharply 
tuned resonant circuit 320, and is then adjusted 
in phase by phase shifter 293. The wave is then 
applied over line 325 to the individual phase 
shifters PH and thence to the timing circuits 
T of the demodulators DM of the east terminal. 
The phase shifters PH. time differently the wavu. 
energy similarly as in the case of the time control 
waves of curve a, Fig. 3, for the modulators M 
at the west terminal. The timers Teach gener 
ate a train of gate pulses such as lac, ly, 2, etc., 
of curve c, Fig. 7, for gate control of the associ 
ated demodulator. The pulse energy produced 
by the timer circuit operates to unblock the de 
modulator for intervals coinciding , with the 
channel pulses to be received, the receiving sta 
tion No. 1 at the east terminal being thus timed 
to receive pulses a, b, c, etc., to the exclusion 
of the pulses of the other channels. The un 
blocking pulses of the timers T are of duration 
and timing so as to include reception of the pulses 
of the corresponding channels, regardless of the 
time displacement (modulation) of the channel 
pulses which, of course, may first be differenti 
ated to reduce their width as hereinbefore ex 
plained in connection with curveb, Fig. 7. 
The return direction of communication from 

east terminal to west terminal is performed in the 
same manner as described above. ... The timing of 
the modulators at the east terminal, however, is 
controlled by the timing waves applied to the 
timers Tf. This requires that the timing waves 
used for controlling the demodulators at the West 
terminal be separate from the time control waves 
for the modulators at such terminal. This is 
taken care of by the separate phase shifter 29, 
feeding line 36 and the individual phase shifters 
PH connected thereto. 

Monitoring 
As hereinbefore pointed out, the Operator's 

supervisory unit 26 of the west terminal is pro 
vided with a monitoring visual indicator 28. The 
supervisory unit 290 of the east terminal is like 
wise provided with an indicator unit 28a identical 
to the unit 28. It will be understood, of course, 
that the monitoring indicating units are desirable 
to indicate on the one hand the phase relation 
between the pulses transmitted at the Sending 
terminal and on the other hand the timing of the 
received pulses with the gate pulses of the demod 
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ulators at the receiving terminal. By this visual 
indication the operator can easily manipulate the 
phase shifters. PH and PH, as the case may be, 
to obtain proper timing of the channel pulses and 
the desired alignment of a given channel with 
the demodulator of a given station. 

Referring particularly to the visual indicator 
28, it will be observed that the unit includes a 
cathode ray oscilloscope 460 having horizontal 
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deflecting electrodes 46 and vertical deflecting 
electrodes 462, a sweep generator 464, a phase 
shifter 466, preferably of the character disclosed 
in Fig. 10 and a buffer amplifier 468. The buffer 
amplifier is fed with a time control wave over 
line 470 which may be connected by switch 472 
to either of the output connections 473 or 474 
of phase shifter 3 and 38 respectively, of one of 
the stations such as No. 1 station. The control 
Wave may be shifted in step fashion by the phase 
shifter 466 so as to provide for the sweep poten 
tial the timing of not only station No. 1 but any 
of the other stations as may be desired. The out 
put of phase shifter 466 is applied to a known 
saw-tooth generator 464 whereby a desired sweep 
potential is generated for the horizontal deflect 
ing electrodes 46 . . . 
The vertical deflecting electrodes 462 of the 

oscilloscope 460 are connected across a line 475 
which may be connected by switch 476 to line 
47 which connects with the output transmission 
line 297 for the west terminal or to line 47P which 
connects with the input line 480 from the trans 
mission link 25. 
The Screen of the oscilloscope 460 is preferably 

calibrated for the desired channel timing of the 
system. As shown in Fig. 13, for example, the 
calibration may include equally spaced index 
marks 482 which may be designated by numbers 
1, 2, 3, etc., to correspond with the channels of 
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communication. For illustration purposes, only 
three channels are indicated. The tracing made 
by the beam of the oscilloscope is located adjacent 
the calibration as indicated at 484 whereby the 
timing of the channels one with respect to the 
other and with respect to stations is readily ob 
servable. It will be noted that the channel pulses 
in Fig. 13 are each properly aligned with respect 
to the adjacent calibration marks 482 and that 
the pulses ?a, fb, ?ic and id are in alignment with 
the channel index marks for station No. 1. It 
will also be noted that the monitoring interval 
T5 occurs opposite the zero index marker. This 
alignment and monitoring arrangement is in ac 
cordance with the description of the channel 
pulses with respect to Figs, 3 and 7. 
In Fig. 14, the screen, of the oscilloscope shown 

in Fig. 13 is shown to indicate the relationship of 
the pulses when the pulse train is shifted one step 
in phase according to the adjustment of either 
of the phase shifters 278,279 and 466. To return 
the pulses into proper alignment with the corre 
Sponding stations, an adjustment of one of the 
aforementioned phase shifters is required. Once 
the phase shifter 466 is properly adjusted to align 
the channel pulses with their respective station 
index markers, the phase shifter 466 will normally 
be maintained at that adjustment. Should any 
re-alignment be required at the west terminal, for 
example, due to variation in the operation of the 
master oscillator or the oscillator 292, for exam 
ple, the adjustment may be had by manipulation 
of one or the other of the phase shifters 278 and 
279, as the case may require. 

75 
In monitoring the system it will be desirable 

first to determine the proper timing of the Output 
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pulses of the west terminal as sandwiched to 
gether in transmission line 297. This may be ac 
complished by closing the contacts of switch 42 
With line 473 thereby utilizing the time control 
wave applied to the modulator of station No. 1. 
This time control wave is then used for control 
ling the sweep potential for the horizontal de 
fecting electrodes of the oscilloscope 460. By 
closing the contacts of switch 476 with line 477, 
the channel pulses applied to the transmission 
line 297 will be applied across the vertical deflec 
tion plates 462. The tracing of the oscilloscope 
460 will represent the output pulses of the west 
terminal and thereby provide an indication from 
which an operator may adjust the phase of the 
time control waves delivered to the modulators of 
the several stations so that the pulses may be 
properly aligned with the index . marks 482 foi 
relative timing of the channels. 
As regards the alignment of the channel pulses 

with respect to receiving stations such adjustment 
would be performed by the visual indicator 28d. 
for the east terminal. For example, the Switch 
4T6a would be connected with line 478a which is 
connected to the east terminal input 304 from the 
output line 297 of the west terminal. Thus, the 
pulse output of the west terminal will then be 
applied to the vertical deflecting electrodes of the 
oscilloscope 460a giving a visual indication of 
the alignment thereof with respect to the index 
marks on the screen of the oscilloscope 460a, 
which, it may be presumed, correspond to the 
timing relation for the demodulating circuits of 
the stations at the east terminal. Any variations 
in the proper alignment may then be compensated 
for by adjusting the phase shifter 293 which con 
trols in step manner the time control waves 
applied to the stations of the east terminal. 
The receiving demodulating circuits of the west 

terminal are likewise aligned with the channel 
pulses received from the east terminal by closing 
the contacts of switch 476 with line 478 thereby 
applying the channel pulses from the east ter 
minal across the vertical deflecting electrodes 462. 
Any variations in alignment, such as indicated 
at Fig. 14, may be corrected by the proper adjust 
ment of phase shifter 279 which controls the time 
control waves supplied to the demodulating cir 
cuits of the stations at the West terminal. 
In the case of more than two terminals, that 

is to say, where the system of Fig. 1 is provided 
with a branch terminal as illustrated in Fig. 15, 
the use of the monitoring interval 75 maybe con 
fused with other intervals caused by the dropping 
out of channels at certain of the terminals. For 
monitoring purposes in such case and for the ini 
tial timing of the channel pulses, identification 
of at least one of the channels is desirable. This 
identification of one of the channels is also useful 
in the initial alignment of the stations of a branch 
termina with the stations of other terminals. 
This is accomplished by providing at least one 
channel such as shown for station No. m at each 
terminal with a marker source 490 connected to 
the modulator terminals of the hybrid connec 
tion H whereby the marker signals may be ap 
plied to that channel. A marker indicator 49 is 
also connected with the demodulator terminals 
of the hybrid connection of the same station for 
receiving marker waves from the distant terminal. 
By this means the train of pulses for the station 
No. 7 will be modulated with the marker signal 
which may be a given tone or degree of modula 
tion preferably of a frequency within the range 
of 100 to 180 cycles where the lowest utilized 
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speech frequency is 200 cycles per second. This 
marker signal will therefore not interfere with 
Speech waves transmitted over the same channel. 
The indicator 49 may include means to produce 
an audible or visible response as by a loudspeaker 
or headphones in the case of a tone frequency 
or in the case of an audible or sub-audible marker 
frequency may include a frequency selective cir 
cuit with a rectifier and D. C. meter or may 
include a resonant reed type of indicator respon 
sive only to waves of the marker source frequency. 
Since a marker source is normally connected with 
a line at both ends of the circuit, it is only neces 
Sary to note the proper response of the marker 
indicator while the phase shifter determines 
whether the channel n at the west terminal is in 
alignment with channel n at the east terminal. 

If desired an operator's telephone circuit may 
be connected in on a station circuit as shown at 
stations No. 7 of the terminals in Fig. 1. For 
example, a plug-jack connection 495 is connected 
to the output side of the hybrid coil H thereby 
providing a two-way supervisory operator's tele 
phone circuit with the distant operator on the 
corresponding channel. When the plug is dis 
connected from the jack, the back contacts of 
the jack connect an impedance 2' across the line 
for maintaining proper balance. 
The manual key or relay shown connected to 

the modulator circuit of Fig. 2 and the demodul 
lator circuits of Figs. 6 and 8 enable an operator 
to signal from any of the stations to the corre 
sponding stations at distant terminals. 
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Bromc72 termimdiZ 
While Fig. 1 shows the multiplex signalling 

System provided with only two terminals, it will 
be appreciated that other terminals such as 
branch or trunk line terminals may be added 
thereto. It will also be appreciated that the same 
kind of monitoring method may be used for such 
branch or trunk terminals as used for the west 
and east terminals of Fig.1. 
A branch terminal connected into the system 

of Fig. 1 is shown in Fig. 15. The west and east 
terminals are shown in Fig. 15 in block form 
Since the details thereof may be understood by 
reference to Fig. 1. * 
In order to avoid or reduce reflection difficulties 

due to the irregularities produced by the junc 
tion of the branch terminal with the main trans 
mission line, it is desirable to provide an ampli 
fier in each pair of conductors leading to any one 
junction. Each amplifier is placed as close to 
the junction as practicable to reduce to a mini 
mum, the dimensions of the transmission path 
traced between the terminals of the three am 
plifiers facing the junction. It is also required 
that each amplifier, when of the one-way type, 
as in Fig. 12, be properly directed in relation to 
the other i amplifiers to provide the desired di 
rection of pulse or wave travel. When the junc 
tion consists of a pair of T connections providing 
a two-conductor branch on a two-conductor line, 
there are two different arrangements, one where 
the branch feeds the main line, and one where 
the main line feeds the branch. Where the 
branch such as line 500 feeds the main line 505, 
two amplifiers 50 and 502 are arranged with 
their outputs in parallel feeding into a third am 
plifier. 503, and where the main line 506 feeds 
the branch line 508, one amplifier 5 feeds into 
the other two amplifiers 52 and 53 in parallel. 
This arrangement of anti-reflection amplifiers 
is of general application to high frequency cir 
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cuits, such as radio circuits as well as to pulse 
circuits, for the purpose of avoiding reflection 
difficulties at branch junction pointS. 
In Fig. 15, the anti-reflection amplifier also 

serves as a buffer to prevent reflection to the line 
circuit of changes in the impedance of connec 
tions and other elements in the branch terminal 
station. These branch amplifiers also serve to 
provide signal pulses of proper amplitude for 
their connected circuits. . 
Since the branch amplifiers transmit in Only 

one direction, it is necessary to provide two pairs 
of branches when communication is desired be 
tween the branch terminal and both the east and 
west terminals, since one pair of branch lines 500, 
508 is required to provide two-way communica 
tion with the east terminal and the other pair 
of branch lines 520, 52 is required for two-way 
communication with the West terminal. . 
In order to prevent one pair of branch lines 

... from transmitting to and receiving from the other 
pair of branch lines, it is necessary to connect 
the two branches to any One line in such a man 
ner that one of the anti-reflection amplifiers is 
interposed between, Said branches, it being also 
further necessary that each of these oppositely 
directed branches be properly connected to the 
main line in relation to the direction of the buffer 
amplifier between the branches. For this pur 
pose it will be seen in Fig. 15 that there are three 
successive anti-reflection amplifiers in each of 
the transmission lines 505 and 506. The branch 
500 that feeds into the line 505 is connected be 
tween amplifiers 50 and 503 while the branch 
52 which withdraws signals from the line 505 
is connected between amplifiers 50 and 522. It 
will be noted that a single buffer amplifier be 
tween adjacent branches on any one main line 
takes the place of two anti-reflection amplifiers 
for the respective branches. , 
The arrangement of the branch terminal cir 

cuit is similar to that of the east terminal of 
Fig. 1, but differs therefrom in certain details. An 
extra padding phase shifter 530 (PH) is pro 
vided between each demodulator phase shifter 
532 (PH) and the associated modulator M. The 
phase shifter 532 is of the Fig. 10 type, having a 
selector switch 277 for changing the phase of the 
channel timing wave in steps equal to one chan 
nel spacing. This is desirable, since it provides 
a phase shifter which enables the operator to 
easily align any branch station with any one of 
the channels of communication. 

In order for the System to operate properly, it 
is necessary that precautions be taken to avoid 
transmitting to the same line pulses from more 
than One modulator at the same instant. For 
example, if the east terminal modulator 33 of 
Fig. 1 were to transmit pulses into the line at the 
same time as the modulator 533 for line No. 1 at 
the branch terminal, interference would result 
between such pulses. In order to avoid this 
difficulty and to carry out certain other func 
tions, a two-pole switch or key 535 is provided 
between the lines and each modulator and de 
nodulator at each branch terminal. 
In general, the time of travel of a pulse from 

the main line junction with the branch line and 
over the path to the branch terminal, when added 
to the time of travel from the branch terminal 
back to the junction with the main line, repre 
Sents a total round trip period of time different 
from that taken by a pulse in travelling from the 
junction on the main line to the east terminal and 
the time of the pulse travelling from the east ter 
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minal to the junction on the main line. Because 
of this difference of round trip time over the two 
paths, it is necessary to provide means for in 
suring that pulses to and from the branches are 
properly coordinated with those in the main line. 

In order to accomplish the desired result, the 
padding phase shifter 530 is added to each chan 
nel circuit at the branch terminal, between the 
output of the phase shifter 532 and the input 
of the modulator. 533. Each one of these padding 
phase shifters is adjusted to have the same phase 
angle or, in other words, to provide the same de 
lay. The padding phase shifter is adjusted so as 
to time the train of pulses from modulator 533 to 
take their proper place in the transmission me 
dium without interference with other channels. 
The operator or attendant at the respective 

terminals may be advised of the connections or 
disconnections of channels desired at that ter 
minal by means of one of the channels coupled, 
for example, to the branch station m. Channel 
m is provided with a supervisory operator's tele 
phone and signal circuit similar to that de 
scribed for channel n in Fig. 1. The marker 
source and indicator at each end of channel m. 
are, however, preferably adjusted for Operation 
at a different frequency from that of channel in 
in order that pulses representing channels m. 
and n may be properly identified, and distin 
guished from each other by their marker signals. 
It will be understood that at the east terminal, 
time channel m, not shown, may be any one of 
the channels, but is preferably the channel pre 
ceding the channel 7. 
The master selector switch 535 is arranged to 

connect the horizontal sweep circuit for the oscil 
loscope 550 with the output of the phase shifter 
532 PH for any one of the trunk or branch lines. 
The sweep circuit is the same as in Fig. 1, and 
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the circuit including the frequency divider 560, 
the oscillator 56, the phase shifter 562 and the 
amplifier A. in cascade with each other, is the 
same as the corresponding series of elements at 
the east terminal in Fig. 1. The switch 535 is 
shown in position with arms 564 and 565 con 
nected with line 566 leading to the output of 
phase shifter 532 of branch station No. 1. The 
next position of the switch in a clockwise direc- . 
tion, connects to the output of the phase shifter 
for branch line No. 2 and So on in succession 
connections are provided for the successively 
high numbered branch line stations. 
The phase shifters. PH (532) preceding the 

timer T for each station are each initially ad 
justed so that the phase angle of the element 
282, Fig. 10, is identical in each phase shifter, 
the angle being of relatively small value. The 
phase angle of the first unit connected with the 
contact f of the selector 276 is made of zero value 
relatively to the terminals of the primary of the 
transformer of that unit. The next contact in 
a clockwise direction connected with the second 
unit, provides an output wave differing in phase 
from that of the first unit by an angle of the 
channel timing wave, corresponding with the 
time delay between two successive channels of 
the multiplex system. s 
In order to initially adjust the branch terminal 

circuit of Fig. 15 so that connections can be 
made between any desired trunk or branch line 
station and a desired channel of the multiplex 
System, all line keys 296 in the inputs of the 
modulator and the outputs of the demodulators 
are normally open except for the demodulator 
key of branch line station m. The switch 535 is 
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rotated from the position shown to its position 
connecting the sweep circuit of the oscilloscope 
with the phase shifter PH for branch station m. 
The phase shifter 562 is then rotated until the 
marker indicator for branch line in responds to 
the marker signals from the east end of channel 
m. To show alignment of both ends of channel 
m, as explained above in connection with Fig. 1, 
it will be necessary to select one out of three 
different phase shifter positions which produce 
different indications, the correct position being 
that in which there is obtained an amplitude 
which is substantially twice the amplitude ob 
tained in the other positions. The modulator M 
of branch station m is then connected to the 
line by its switch 570. 
The phase shifter 572 for the sweep circuit is 

then adjusted until the phase to the right of the 
monitoring interval 75 takes a position immedi 
ately under the index marker for station m on 
the screen of the Oscilloscope in the manner de 
scribed under the, part entitled "Monitoring' 
(see Figs. 13 and 14). The oscilloscope then in 
dicates the fact that branch line m at the branch 
terminal is in alignment with the proper chan 
nel leading to the east terminal. The Switch 
535 is then adjusted to connect the output of 
the phase shifter PH for another branch line such 
as line No. 2, to be connected with a channel 
from the east terminal such as channel station 
No. 1. The phase shifter for branch line station 
No. 2 is then set for phase timing for channel Nd. 
1 to time the demodulator for reception of chan 
nel i pulses and to time the modulator to pro 
duce pulses corresponding with the channel 
pulse positions. It will be noted, however, that 
as yet neither the modulator or demodulator for 
branch station No. 2 is connected with the pulse. 
transmitting lilines, the oscilloscope is then ob 
served to check the timing wave for the Inod 
ulator and demodulator for branch station No. 2. 
The east operator is then signalled by press 

ing the signal key (see Fig. 2) of the modulator 
circuit for station m and is informed by tele 
phone that channel No. 1 is desired for connec 
tion at the branch terminal. The east operator 
then signals the west operator to disconnect the 
modulator and demodulator for channel at the 
west terminal. The east operator then advises 
the branch operator over channel in that the de 
sired connections have been made and the branch 
operator then closes the modulator and demod 
ulator keys for branch station No. 2 thereby com 
pleting the connection of the channel with 
branch station No. 2. Communication may then 
be carried on between the east terminal sub-sta 
tion No. 1 and branch station No. 2. 

It will be understood that the procedure for 
disconnecting channel f from branch station No. 
2 and restoring communication between the West, 
and east terminals over channel may be carried 
out in a manner similar to that already ex 
plained. w 

In case of a shut-down of the system in which 
the oscillator 560 of the branch terminal is 
thrown out of synchronism with the pulses later 
applied to the main line, it is only necessary 
for the Oscillator to automatically pull into Step 
with the incoming pulses and for the operator to 
adjust the phase shifter 56 until the pattern on 
the screen of the oscilloscope shows that trunk 
line n is aligned with channel m. while switch 535 
is on the line m position. 
For setting up and operating the branch ter 

minal connections for communication with the 
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West terminal, the procedure is similar to that 
described except that the oscilloscope is switched 
Over by switch 585 to the branch terminal con 
nections at the left of Fig. 15 for response to sig 
nals arriving from the west terminal. The 
Switch 535 is placed on contacts leading to the 
phase shifter output 580 for channel it. The 
phase shifter 532 is adjusted to produce a maxi 
mun amplitude on the indicator for channel ke 
to show complete alignment of that channel. 
The phase shifter PHs is then adjusted until 
the pulse at the right of the gap in the oscillo 
Scope. pattern lines up with index marker c to 
show proper alignment. Phase shifter PHe com 
pensates for any difference in signal travel time 
between the branch terminal and the West and 
east terminals and thus supplies waves of proper 
phase through the buffer amplifier 590 to the 
phase shifter PH (532) preceding the timer for 
each branch station to the left in Fig. 15, so that 
all the phase shifters 532 at the branch termi 
nal may have the same initial zero adjustment. 
Channel k will be understood to be of similar 

function to channel m, for use by a telephone op 
erator for supervisory purposes, in addition to 
normal operation as a channel of a multiplex 
System. 
While we have shown and described specific 

circuits and certain variations thereof, we real 
ize that many additional circuit arrangements 
and variations are possible without departing 
from the invention. It is to be understood there 
fore, that the embodiments herein shown and de 
scribed are to be regarded as illustrative of the 
invention only and not as restricting the scope 
of the invention as set forth in the objects and 
the appended claims. 
We claim: 1. In multiplex signalling over a plurality of 

channels having a transmission medium com 
mon to all the channels, a method comprising 
producing a train of pulses for each channel, the 
pulses of each channel being paired off, with the 
pulses of each pair, when unmodulated, having 
a time interval therebetween different from the 
time interval between succeeding pairs of pulses 
of the same channel, and applying the trains of 
pulses to said common medium for transmission 
with the timing of transmission diferent for 
each train, whereby the pulses of the different 
trains are sandwiched together in said common 
medium and, because of the paired-off relation 
of the pulses, form distinct groups of pulses with 
a given time interval between the groups, the 
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timing of the pulses being such as to permit a 
given amount of time modulation of the pulses 
of each channel without interference with pulses 
of other channels, 

2. The method defined in claim 1 in combina 
tion with the step of time modulating the chan 
nel pulses by varying the pulses of each pair in 
time displacement in a push-pull manner, the 
degree of displacement of either pulse being in 
accordance with the instantaneous amplitude of 
the signal wave representing the intelligence. to 
be transmitted. 

3. The method defined in claim wherein the 
production of the train of pulses includes full 
wave rectification of a sinusoidal wave, and the 
pairing off of the pulses is accomplished by main 
taining a given bias on the rectification oper 
ation. * 

4. The method defined in claim 1 wherein the 
production of the train of pulses for each chan 
nel includes full-Wave rectification of a sinu 
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soidal wave to produce cusps, clipping the cusps 
to form pulses, the pairing off of the pulses being 
accomplished by maintaining a given bias on the 
rectification operation, and time modulating the 
pulses by varying the degree of bias according 
to the instantaneous value of the signal wave 
representing the intelligence to be transmitted. 

5. The method defined in claim.1 wherein pro 
duction of the train of pulses includes produc 
ing a control wave having undulations the lead 
ing and trailing edges of which are substantially 
linear and disposed at a given inclination, gate 
clipping said linear portions at a given biased 
level during unmodulation to produce a rectan 
gular pulse for each undulation of a given po 
larity producing from each rectangular pulse by 
a differentiating and clipping process a pair of 
narrow pulses one representing the leading, edge 
and the other representing the trailing edge of 
the rectangular pulse, and time modulating the 
pairs of pulses by varying the bias of the gate 
clipping operation according to the instantane 
ous amplitude of the signal wave to be trans 
mitted. 

6. The method defined in claim 1 in combina 
tion with the step of time modulating the pulses 
of each channel for both voice and ringing sig 
nals, the latter being at a frequency below the 
lowest frequency of the voice signals. 

7. The method defined in claim 1 in combina 
tion with the step of monitoring the timing of 
the channel pulses which includes generating a 
sweep potential tuned in synchronism with the 
timing of one of said trains of rulses, using the 
sweep potential to control a cathode ray beam, 
using the channel pulses to deflect the beam, and 
adjusting the timing of the different pulse trains 
until the channel pulses traced by the beam as 
sume a desired timing relation. 

8. The method defined in claim 1 in combina 
tion with the step of monitoring the multiplex 
system comprising producing at a receiving point 
a master wave in synchronism to the average tims 
ing characteristic of the channel pulses, shifting 
in phase energy of said master wave to produce 
a separate timing wave for controlling reception 
of the pulses of each channel, modulating with 
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the marker signal the train of pulses of one of 
said channels and adjusting the phase condition 
of the timing waves until said marker signal is 
received by the receiving circuit corresponding to 
said one channel. 

9. The method defined in claim 1 in combina 
tion with the step of periodically reshaping the 
puses during transn?ssion in Said common me 
dium to maintaina substantially the Same dura 
tion and amplitude for each pulse at the receiving 
terminal as when transmitted at the sending terminal. 

10. In multiplex signalling over a plurality of 
channels, a method of having a transmission 
medium common to all the channels comprising 
producing a master wave, shifting differently in 
phase energy of said wave to produce control 
waves one for each of said channels, producing 
a train of puses from each control vave, the 
pulses of each train being paired off with the 
pulses of each pair, when unmodulated. having a 
time interval therebetween different from the 
time interval between succeeding pairs of pulses 
of the same channel, applying the pulses of each 
train to said common medium for transmission, 
the phase condition of said control waves being 
Selected to cause the channel pulses to sandwich 
together in said medium and, because of the 
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paired-off relation of the pulses, form distinct 
groups of pulses with a monitoring time interval 
between the groups, the time interval between 
adjacent pulses of each group being adequate to 
permit a given amount of time modulation of 
each pulse without interference with pulses of 
other channels, producing at a receiving point a 
Second master wave in Synchronism to the aVer 
age timing characteristic of the channel pulses, 
and utilizing energy of said second master Wave 
to control the reception from said common medi 
um of pulses of any channel separately from the 
pulses of the other channels. 

11. The method defined in claim 10 in combi 
nation with the step of monitoring the timing of 
the channel pulses which includes generating a 
Sweep potential according to the timing of a con 
trol wave, using the sweep potential to control 
the sweep of a cathode ray beam, using the chan 
nel pulses to deflect the beam, and adjusting the 
relative phase condition of the control waves until 
the channel pulses traced by the bean assume a desired timing. 

12. The method defined in claim 10 wherein 
the production of said second master wave in 
cludes the steps of dividing the channel pulses to 
obtain a pulse train having a pulse repetition rate 
corresponding to the frequency of said first master 
wave, and generating said second master wave in 
response to the pulses passed by the dividing operation. 

13. In a multiplex signalling system, means for 
producing a train of pulses for each of a plurality 
of channels, means biasing the operation of said 
pulse producing means to pair, off the pulses, the 
pulses of each pair. in the absence of modulation, 
having a time interval therebetween different 
from the time interval between the succeeding 
pairs of pulses of the same channel, means for 
applying the trains of pulses to a transmission 
medium common to all channels, whereby the 
pulses are sandwiched together and, because of 
the paired-off relation of the pulses, form distinct 
groups of pulses with a given time interval be 
tween the groups, and means for time modulat 
ing the pulses of each train a given amount with 
out causing interference with the pulses of other 
channels when the pulses are applied to said 
common medium. 

14. The system defined in claim 13 wherein 
the means for time modulating the pulses in 
cludes means for varying the bias on the pulse 
producing means in a manner to effect a push 
pull time displacement of the pulses of each pair, 
the degree of displacement of each pulse being in 
accordance with the instantaneous amplitude of 
the signal wave representing the intelligence to 
be transmitted. 

15. The System defined in claim 13 wherein the . 
means for producing the train of pulses of each 
channel includes a full-wave rectifier and a sinus 
oidal wave source for the input of said rectifier, 
and the means for biasing the pulse producing 
means includes means for maintaining said rec 
tifier during unmodulation at a given unbal anced operation. 

16. The system defined in claim 13 wherein the 
means for timing the pulses of a plurality of chan 
nels includes means for producing a sinusoidal 
wave, and means for shifting energy of said 
wave differently in phase to produce a differently 
tirred control wave for controlling the production 
of the pulses for each channel. 

17. The system defined in claim 13 in combina 
tion with means for monitoring the timing of the 
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channel pulses including a cathode ray oscillo 
graph, means for generating a sweep potential in 
synchronism with the timing of one of the trains 
of pulses, a sweep circuit for said oscillograph, 
means to apply said Sweep potential to said sweep 
circuit, a deflection circuit for said oscillograph, 
and means to apply the channel pulses to said de 
flection circuit, whereby the pulse formation and 
timing are indicated on the screen of the oscillo 
graph thereby enabling an operator to adjust the 
relative timing of the trains of pulses. 

18. The system defined in claim 13 wherein 
the means for producing each train of pulses in 
cludes means for producing a control wave hav 
ing undulations the leading and trailing edges of 
which are substantially linear and disposed at a 
given inclination, means for gate clipping the un 
dulations at a given biased level to one side of 
the axis of said wave for production of a rec 
tangular pulse for each undulation clipped, means 
for differentiating the rectangular pulses, means 
for clipping the output of the differentiating 
means to produce a pair of narrow pulses for each 
rectangular pulse, one of the pulses of each pair 
representing the leading edge and the other the 
trailing edge of the rectangular pulse, and means 
for varying the bias of the gate clipping means 
according to the instantaneous amplitude of the 
signal wave to be transmitted, whereby the pairs 
of pulses are time modulated in a push-pull man 
e. 19. In a multiplex signalling system, means for 

producing a sinusoidal vave, means to shift dif 
ferently in phase energy of said sinusoidal wave 
to provide a control wave for each of a plurality 
of channels, separate means for rectifying each 
of said control waves to produce cusps, means for 
clipping the cusps to produce a pulse from each 
cusp, means to maintain a given bias on each 
rectifying means to produce in the absence of 
modulation a given unbalance thereby timing the 
pulses in pairs, with the pulses of each pair hav 
ing a time interval therebetween smaller than the 
time interval between succeeding pairs of pulses 
for the same channel, means for applying the 
channel pulses together in said common medium 
where they sandwich together and, because of the 
paired-off relation of the pulses, form distinct 
groups with a given time therebetween, means for 
observing the time intervals between pulse groups, 
and means for selectively receiving from the com 
mon medium those pulses of any given channel 
separately from the pulses of other channels. 

20. In a multiplex signalling system, a trans 
mission medium common to a plurality of chan 
nels of communication, means for producing a 
master wave, means for shifting differently in 
phase energy of said Wave to produce control 
waves one for each of said channels, means for 
producing a train of pulses in response to each 
control wave, means basing the operation of said 
pulse-producing means to pair of the pulses, the 
pulses of each pair, when unmodulated, having a 
time interval therebetween different from the time 
interval between succeeding pairs of pulses of the 
same channel, means for applying the pulses of 
each channel to said common medium for trans 
mission, the phase condition of said control waves 
being such that the channel pulses sandwich to 
gether in said medium and, because of the paired 
off relation of the pulses, form distinct groups of 
pulses with a monitoring timing interval between 
the groups, the time interval between adjacent 
pulses in each group being such as to permit a 
given amount of time modulation without inter 
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ference with pulses of other channels, a receiv 
ing terminal having means to divide the channel 
pulses to obtain a pulse repetition rate corre 
sponding to the frequency of said control waves, 
means to produce a second master wave in re 
sponse to the average timing characteristic of 
the channel pulses passed by said dividing means, 
means to shift differently in phase energy of said 
second master wave to produce timing waves one 
for each channel and means responsive to said 
timing waves to control the selective reception of 
the channel pulses. 

21. The System defined in claim 20 in combi 
nation with means for monitoring the multiplex 
System including means for modulating with a 
given marker signal the train of pulses of one of 
said channels, and means for adjusting the phase 
of Said timing waves at the receiving terminal 
until said marker signal is received by the receiv 
ing circuit corresponding to said one channel. 

22. In a multiplex signalling system, a trans 
mission mediam common to a plurality of chan 
nels of communication, means for producing a 
master wave, means for shifting differently in 
phase energy of said wave to produce control 
Waves One for each of said channels, means for 
producing a train of pulses in response to each 
control wave, means biasing the operation of said 
pulse producing means to pair of the pulses, the 
pulses of each pair, when unmodulated, having a 
time interval therebetween different from the 
time interval between succeeding pairs of pulses 
of the same channel, means for applying the 
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pulses of each channel to said common medium 
for transmission, the different phase conditions 
of Said control waves operating to time the chan 
nel pulsesso that they sandwich together in said 
medium and, because of the paired-off relation 
of the pulses, form distinct groups of pulses with 
a monitoring timing interval between the groups 
and a time interval between adjacent pulses of 
the groups sufficient to permit a given amount 
of time modulation without interference with 
pulses of other channels; a receiving terminal 
having means to divide the channel pulses to ob 
tain a pulse repetition rate corresponding to the 
frequency of said control waves, means for pro 
ducing a second master wave in response to the 
average pulse timing of the pulses passed by said 
pulse dividing means, a plurality of receiving 
circuits One for each of said channels, a phase 
shifter for each receiving circuit, means for ap 
plying the energy of said second master wave to 
each phase shifter, the phase shifters being ar 
ranged to shift differently in phase the wave en 
ergy to produce timing waves corresponding in 
phase displacement to that of said control waves, 
and each receiving circuit having means respon 
sive to the timing wave applied thereto to render 
the receiving circuit receptive to only those pulses 
of the channel corresponding to said receiving 
circuit. 23. In a multiplex signalling system, a master 
terminal and a plurality of other terminals con 
nected together with a two-line transmission link, 
each terminal having a plurality of stations each 
with a transmitting circuit and a receiving cir 
cuit, each transmitting circuit having means to 
produce a train of pulses for one channel of con 
munication with a station of another terminal, 
said pulse producing means having a given bias 
applied thereto whereby the pulses of the train 
are paired off, the pulses of each pair, when un 
modulated, having a time interval therebetween 
different from the time interval between the Suc 
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ceeding pairs of pulses of the same channel; said 
master terminal having a master control wave 
source to control differently the timing of the 
trains of pulses produced at the stations thereof 
so that the pulse trains sandwich together when 
applied for transmission on the same line and, 
because of the paired-off relation of the pulses, 
form distinct groups of pulses with a given time 
interval between succeeding groups; and each of 
said other terminals having means responsive to 
the average timing of the channel pulses to pro 
duce a local timing wave having a period corre 
SpOnding to the period of said master Wave, and 
means for observing the pulse grouping at the 
input and Output junctions of the terminal there 
by enabling an operator to align the receiving 
circuits of the Stations thereof for reception from 
the input junction of the transmission link of cer 
tain of the channels of communication and ito 
align the transmitter circuits of the stations 
thereof with certain of the channels at the output junction. 

24. The System defined in claim 23 wherein the 
transmitting and receiving circuits of one of the 
stations of each terminal is provided with means 
for modulating with a given marker signal the 
train of pulses for one of said channels, and 
means for adjusting the phase of the time Con 
trol wave of the terminal until said marker signal 
is received by the proper receiving circuit. 

25. In a communication system, a plurality of 
stations, means associated with each station for 
producing a train of pulses modulated in accord 
ance with intelligence to be transmitted from such 
station, means for transmitting the pulses from 
a first group of Said Stations in a common me 
dium to a second group of stations, and adjust 
able means for causing the train of pulses from 
any station of said first group to be transmitted 
to any desired station of said second group. 

26. In a multiplex signalling System, a trans 
mitting terminal having means for producing a 
master wave, means for shifting differently in 
phase energy of said wave to produce control 
waves one for each of a plurality of transmitting 
channels, means for producing a train of pulses 
in response to each control wave, means control 
ling the operation of said pulse producing means 
to pair off the pulses, the pulses of each pair hav 
ing, in the absence of modulation, a time interval 
therebetween different from the time interval be 
tween succeeding pairs of pulses of the same 
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channel, and means interleaving the pulses of . 
the different channels into a single train for 
transmission; and a receiving terminal having a 
plurality of receiver stations, means to produce 
a second master wave in response to the average 
timing characteristic of the pulses of said train, 
means to shift differently in phase energy of Said 
second master wave to produce tinning WaVeS One 
for each of said receiver stations, means associ 
ated with each of said receiver stations for pro 
ducing a train of control pulses in response to the 
timing wave for such station, means controlling 
the operation of said last mentioned pulse pro 
ducing means to pair off the pulses in the same 
relation as at the transmitting terminal, a chan 
nel selector for each of said receiver stations, and 
means for applying said control pulses to Said 
selector to control the selective reception of the 
pulses of a desired channel. 

27. In a multiplex signalling system wherein a 
plurality of channels are each represented by a 
series of pulses, the pulses of each channel being 
paired off with the pulses of each pair having, 
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in the absence of modulation, a time interval 
therebetween different from the time interval 
between succeeding pairs of pulses, the different 
series of pulses being differently timed to inter 
leave together as a single train of pulses; a re 
ceiver for selectively receiving the pulses of a 
desired channel comprising means for producing 
in response to the train of pulses a timing wave 
having a period corresponding to the period 
measured by the spacing between alternate 
pulses of each channel, means to shift the timing 
wave in phase to correspond to the pulse occur 
rence of a desired channel, means for producing 
from said timing wave a train of control pulses, 
means to control the operation of the pulse pro 
ducing means to pair of the control pulses in 
the same relation as the pulses of each channel, 
a channel selector, and means for applying said 
control pulses to said selector to control the 
selective reception of the pulses of said desired channel. 

28. In a pulse signalling system wherein the 
signals are transmitted by a train of pulses, the 
pulses occurring, in the absence of modulation, 
in pairs with the pulses of each pair having a 
time interval therebetween different from the 
time interval between successive pairs; a receiver 
for the train of pulses comprising means to pro 
duce in response to the train of pulses a timing 
wave having a period corresponding to the pe 
riod measured by the spacing between alternate 
pulses, means for producing from said timing 
wave a train of control pulses, means to unbal 
ance the operation of the pulse producing means 
to pair of the control pulses in the same relation 
as the pulses of said train, a normally non-recep 
tive pulse selector, and means for applying said 
control pulses to said selector to render it re 
ceptive to the pulses of said train. - 

29. In a pulse signalling system wherein the 
pulses are produced by an unbalanced pulse 
generator, whereby the pulses occur in pairs with 
the pulses of each pair having a time interval 
therebetween different from the time interval 
between successive pairs; a receiver for receiving 
the train of pulses produced by said unbalanced 
pulse generator, a pulse producer, means for 
unbalancing said pulse producerto produce con 
trol pulses paired off with a timing correspond 
ing to the timing of the pulses produced by said 
unbalanced pulse generator, means to Synchronize 
the pulse producer to the pulses of said train, 
a pulse Selector, and means for applying said 
control pulses to said selector to render it recep 
tive to the pulses of said train. 

30. In a multiplex signaling system, means for 
producing a train of pulses for each of a plurality 

' of channels, means biasing the operation of said 

70 

75 

pulse producing means to pair off the pulses, the 
pulses of each pair, in the absence of modulation, 
having a time interval therebetween different 
from the time interval between the succeeding 
pairs of pulses of the same channel, means for 
time modulating the pulses of each train, means 
for applying the trains of pulses to a transmission 
medium common to all channels, whereby the 
pulses are sandwiched together and, because of 
the paired-off relation of the pulses, form dis 
tinct groups of pulses with a given time interval 
between the groups, means for observing the 
pulse grouping, and means for determining ac 
cording to the observed pulse grouping the selec 
tive reception from said common medium of the 
pulses of any given channel. 

31. In a multiplex signalling system, a master 
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terminal and a plurality of other terminals con 
nected together by input and output junctions 
with a two-line transmission link; each terminal 
having a plurality of stations each with a trans 
mitting circuit and a receiving circuit, and each 
transmitting circuit having means to produce a 
train of pulses for one channel of communica 
tion with a station of another terminal; Said 
master terminal having in addition a master 
control wave source to control differently the time 
ing of the trains of pulses produced at the sta 
tions thereof so that the pulse trains interleave 
together when applied for transmission. On the 
same line, and each of said other terminals hav 
ing in addition means responsive to the average 
timing of the channel pulses to produce a local 
timing wave having a period corresponding to 
the period of said master wave; and means for 
observing the pulse grouping at said input and 
output junctions to enable an operator to align 
the receiving circuits of the stations thereof for 
reception from the input junction of the trans 
mission link of certain of the channels of com 
munication and to align the transmitter circuits 
of the stations thereof with certain of the chan 
rels at the output junction. 

32. In a multiplex signalling system, a master 
terminal and a plurality of other terminals con 
nected together with a two-line transmission 
link, each terminal having a plurality of sta 
tions each with a transmitting circuit and a re 
ceiving circuit, and each transmitting circuit 
having means to produce a train of pulses for 
One channel of communication with a station 
of another terminal; said master terminal hav 
ing in addition a master control wave source to 
control differently the timing of the trains of 
pulses produced at the stations thereof so that 
the pulse trains interleave together in a manner 
depending upon their respective destinations; 
and each of said other terminals having means 
responsive to the average timing of the channel 
pulses to produce a local timing wave having a 
period corresponding to the period of said master 
wave, means controlled by said timing Wave to 
determine the reception of channel pulses, and 
means to control the interleave timing of chan 
nel pulses transmitted from the terminal. 

33. In a multiplex signalling system, a master 
terminal and a plurality of other terminals con 
nected to a connon transmission link; said mas 
ter terminal having a plurality of stations each 
with a transmitting circuit to produce a train 
of pulses for one channel of communication 
With a station of another terminal, and a master 
control wave source to control differently the 
timing of the trains of pulses produced at Said 
stations so that the pulse trains interleave to 
gether in a manner depending upon their re 
spective destination; and each of Said other ter 
minals having means responsive to the average 
timing of the channel pulses to produce a local 
tinning Wave having a period corresponding to 
the period of said master Wave, and means con 
trolled by said timing Wave to determine the 
channel pulses to be received from said trans 
mission link. 

34. In a multiplex signalling system, a master 
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terminal and a plurality of Other terminals con 
nected to a common transmission link, each 
terminal having a transmitting circuit to pro 
duce a train of pulses for one channel of com 
munication; said master terminal having a mas 
ter control wave source to control the timing 
of the train of pulses produced thereat in a 
manner depending upon its destination; and each 
of said other terminals having means responsive 
to the channel pulses transmitted from said 
master station to produce a local timing Wave 
having a period corresponding to the period of 
said master wave, and means to apply said tin 
ing wave to the transmitting circuit thereof to 
control the timing of the train of pulses pro 
duced thereat to interleave with pulses of other terminals in a manner depending upon its 
destination. 35. In a multiplex signalling System, a master 
terminal and a plurality of other terminals con 
nected to a common transmission link, each ter 
minal having a transmitting circuit and a re 
ceiving circuit, each transmitting circuit having 
means to produce a train of pulses for one chan 
nel of communication with another terminal; 
said master terminal having a master control 
wave source to control the timing of the train of 
pulses produced thereat in a manner depending 
upon its destination; and each of said other ter 
minals having means responsive to the channel 
pulses transmitted from said master station to 
produce a local timing wave having a period cor 
responding to the period of said master Wave, 
means to apply said timing wave to the trans 
mitting circuit thereof to control the timing of 
the train of pulses produced thereat to interleave 
with pulses of other terminals, and means to 
apply said timing wave to the receiving circuit 
thereof to control the reception of channel pulses. 

EDMOND M. DELORANE. 
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