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of Delaware 

Application July 17, 1943, Serial No. 495,81 
2 Cains. (C. 250-9) 

1 
The present invention relates to communica 

tion systems employing pulses of radio frequency 
energy which are short compared to the time in 
tervals between them, and - particularly to a 
multiplex system w?nerein a plurality of trains or 
groups of puses are transmitted, each group 
bearing its own modulation in accordance with 
the particular message to be conveyed thereby. 

In my copending application, Seriali No. 
371,865, filed December 27, 1940, ndöw UIT. S. Patent 
2,381,444, granted August 7, 1945, there is dis 
closed a puise type communication System in 
which the receiver is rendered operative solely at 
time periods when the signa? pulses are due to 
arrive. I prefer to call a receiver operated in 
this manner a “shuttered” or “gated” receiver. 
Advantages of such a system are: (1) The peak 

power at the transirnitter can be made to exceed 
considerably that which is obtainable in a con 
tinuous wave system, by virtue of the fact that 
the transmitted power is concentrated in thi?: 
short puses, and (2) that there is obtainable aen 
increase in the signal-to-noise power compared 
to continuous wave systems, not only because of 
the increased transmitted power but also because 
the receiver is responsive only during tine periods 
which may be occupied by the transmitted puses, 
thus eliminating the effect of noise and interfer 
ence occurring between pulses. 

In accordance with the present invention, there 
is provided a multiplex system wherein a multi 
plicity of transmitting channels are operated Dyer 
a single transmitter to transmit nonoverlapping 
pulses which are very short compared to the tiré 
intervais between them. The train or group of 
pulses from each transmitting station hasíts own 
modula?ion impressed thereon, and the puses 
from all transmitting stations occupy only a 
small percentage of the total tºme for all condi 
tions of modulation. The transmitter peak power 
is almost inversely proportional to the percentage 
of tot time occupied by the pulses, and is thus 
high compared to known continuous wave Sys 
tems. At the receiver, a synchronization system 
is employed to erable the different receivers or 
utilization circuits to be individually responsive 
at different times and solely at those times at 
which the signaal pulses are due to arrive. 
Thresholding a limiting devices may be em 
ployed at the receiver to further reduce thre noisse. 
Thus, if there are ccntinuous wave transmitters 
which might tend to interfere with the pullsing 
system of the invention, the rutput from the con 
tinuous wave transmitters must reach the re 
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ceiver of the invention with greater streagih to 5 Fig. i 

2 M 
produce interference than vwith a cortinuous 
wave receiver. So long as the received strength 
of the continuous waves is less than the threshold 
value set at the receiver of the invention, the con 
tinuous waves will not interfere greatly with the 
operation of the present invention. I Likewise, if 
the continuous waves do not Inodulate the signal 
current doWin to values below the limiting value 
they will not interfere greatly with the operation 
of the present invention. In general, so long as 
the peak amplitude of all noise andi interference 
combined is less than half the peak amplitude of 
the puSe signal, a very great reduction in the 
effect of the combined noise and interference may 
be accomplished by the thresholding and lim 
iting. 

In accordance with the present invention, al 
pulse transmitting stations of the multiplex sys 
tem wiil operate from a single transmitter and 
have the same pulse or repetition rate, although -- 
the different trains or groups of pulses from the 
stations will occupy separate time periods. A 
single receiver receives all the puses, and by 
means of suitable switching or commutating cir 
cuits transfers the different trains of puses to 
the different channels to render them responsive 

** 

solely at times when these puses are due to . . . 
arre. W 

An outstanding advantage for the pulse sys 
ten of the present invention employing a “shut 
tered” or “gated” receiver is that great stability 
of radio frequences in transmitter and receiver 
is not required. Therefore, the system is particu 
larly 8.divantageous for use at the highest radio 
frequeracles where frequency stability provides a 
seriou S problem in continuous wave Systems. The 
discriminatiuorn against noise and interference 
made possible by the pulse rate and pulse timing 
selectivity replaces the selectivity based upon 
close control of radio carrier frequencies, which 
is relied Lupon in continuous WaVe SSiles. 

Á nore detailed descriptior of the invention 
will now be given, in conjunction With the draw 
ing, wherein: 

Fig. i schematicaiiy illustrates the transmit 
t.:ng end of a pulse type multiplex communica 
iom system, in accordance with the present in 
ention; 
Fig. 2 to 6 schematically illustrate details of 

diferent pulse öelayº er circuits which can be used 
in the transmitting .sten of Fig. * 

Figs. 7 and 8 schizmatica?y illustrate details 
of” different types G pulse modulation circuits 
which can be used in thue transmitting system of 
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Fig. 9 schematically ilustrate ne receiving 
end of a pulse type multiplex communication Sys 
tem in accordance with the present invention: 

Fig. 0 schematically fillustrates the details of a 
pulse controlled switcher circuit which can be 
used in the receiving system of Fig. 8; and 

Fhgs. 1 and 12 show diiferent embodiments of 
individual receivers for receiving and demodulat 
ing pulses sent out from a remote transnitter 

ferring to Fig. 1, there is shown in block dia 
gram a pulse type multipliex transmitter suitable 
for the transcrmisTrion of pulses which are modu 
lated in lengtn or timing. This transmitter in 
cludes a pulse keyed radio frequency amplifier de 
which is supplied with radio frequency ekcita 
tion from a constant radio frequency oscillator 

. Transmitter i Q is provided with vacuum tube 
keying equipment capable of causing the trans 
mission of very short pulses of radio frequency 
energy in response to short input pulses. The 
output from the transmitter 40 passes over a suit 
able transmission line i 2 to an antenna system 
3, here shož zn, by way of example only, as a di 

rective antenna in the form of a parabolic refec 
tor having a dipole at its focus. A pulse oscilla 
tor 4 produces pulses at a constant rate, which 
pulses are short compared with the time spacing 
between them. 

'These pulse are repeated at a frequency above 
the highest modulation frequency, and are de 
livered to pulse modulators i 5, 6, 7, etc. and to 
a pulse delayer 20. The pulse modulators i 5, 15 
and i 7 have respectively impressed thereon mdvd 
ulation inputs from leads 5', 6” and 7’, in 
order that the outputs of these mod nators con 
sist of trains or groups of pulses su cably modu 
lated in accordance with the intelligence to be 
conveyed on the different channfis. The outputs 
from the pulse modulators i 5, 6, i?, etc. are re 
spectively delivered to pulse delayers fad keyers 
2 , 22, 23, etc. These pulse delayers are adjusted 
for different delays in order to pro “ide pulses 
which constitute the input to the trat.smitter or 
pulse keyed radio frequency amplifier 30. The 
pulses delivered to the transmitter t0 from the 
delayer circuits are preferably equally spaced in 
time, on the average, and recur at a l'ullsing rate 
equal to the rate of the pulse oscilla for 3 multi 
plied by the number of pulse delayet modiulators 
plus one. Obviously, the pulse outpuits from the 
different channels (each of which includes a pulse 
modulator and delayer circuit) are independently 
modulated for the transmissiou of Independent 
programas or modulations. gr 
The pulse delayer circuits 20, 2 , 22, 23, etc. 

pass pulses at the same repetition rate as the 
pulse oscilator i 4 but at different times. Thus, 
if the pulse modulator circuits modulate time 
length of the pulses, for example, the transmitter 
will send out constant frequercir but variable 
length pulises sep?rated in time. ., however, the 
pulse modulators modulate tie ttring of tuae 
pulses, the transmitter G will stud out timul.g 
modulated pulses whose average frequency is, the 
same but which are retarded or advanced in tinue 
by the modulation. M - 
The pulses from each delayer circuit are short, 

compared to the tinre inikervals between ther, 
in ordier that the puises from all the channes 
occupy only a small percetage of the total time 
for all conditions of modulation. Thus, as an 
example, a B channel telephone multiplex system 
including a symchronizing channe might have a 
pºilse rate in each channel of 10,000 per seccid, 
in which case the average spacing between 

K · 
centers of continued pulses will be 20 micro-sec 
onds. The pulse length may be on the order of 
a half micro-second. For this example, it will be 
evident that the percentage of time occupied by 
all pulses in each cycle of operations for all con 
ditions of moduliation may be only 2.5% of the 
total elapsed time, as measured from the begin 
ning of one pulse transmitted by the first chan 

5 

nel to the beginning of the next pulse transmitted 
from the same channel in one complete cycle of 
operations. With this percentage of operating 
tinne the transmitter f0 can provide on the order 
of 40 times as much peak power as can be ob 
taimed from a continuous wave transmitter of 
equal size and cost. 

It should be moted that the pulse oscillator f4 
impresses its output directly upon the pulse de 
layer and keyer 20 without the intermediary of 
a pulse modulator circuit. This arrangement is 
preferred because it is desired that the pulses 
from the output of the puse delayer 20 be the 

25 
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first ones received at the receiver, and these pulses 
employed to synchronize or render operative the 
various receiving circuits solely at those time pe 
riods when the signal puises for the respective 
channels are due to arrive. In view of the slight 
delay occasioned in the system of the invention 
in rendering the receiving circuits sequentially 
operative after the receipt of the first pulse, it is 
preferred that there be no modulation impressed 
on the synchronizing pulses, in accordance with 
the preferred embodiment of the present inven 
tion. This feature will be described in more de 
tail later in connection with the receiving system 
of Fig. 9. 

Figs. 2, 3, 4, 5 and 6 show different types of 
puise delaying circuits which can be employed in 
the system of Fig. 1. 

Referring to Fig, 2 in more detail, there is 
shown a triode vacuum tube 30 to whose grid is 
Supplied an input pulse through a transformer 
3 f. A positive polarizing potential is supplied to 
the anode of the vacuum tube through a variable 
resistor 32 and the primary winding of a trans 
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former 33. A condenser 34 is connected between 
the cathode of the triode and the junction be 
tween the resistor 32 and the primary winding of 
the transformer 33. In circuit with the cathode 
as shown, there is provided a condenser 35 which 
is shunted by a resistor 36 whose adjustment pro 
vides the desired delay between the input pulse 
andi the output; pulse. The time delayed output 
pulse is taken from the secondary winding of the 
transformer 33. Vacuum tube 30 is so biased that 
it is normally conductive (that is, passes anode 
current in th. e absence of an input pulse). In 
this cc:n liition, a current will flow from the posi 
tive polarizing source tillrough the resistor 32 and 
through the pri nary winding of transformer 33, 
thus shunting ol by-passif.?g condenser 34. An 
incominig pulse applied to the transformer 3 i will 
drive the grid of the triode momentarily positive 
to charge thaf: cnindenser 35, due to grid rectifica 
tion, as a resu?t of which a negative charge is 
placed on the grid of the tube 30, thus biasing tine 
tube and rendering it non-co(ductive. When the 
tl'ºhe 33 becomes non-conducting, current will fdow 
from tille persitive anode polarizing source through 
the condenstr 3 to ground, and will thus charge 
ühe condienser 34. When the charge on condenser 
35 ieaks of through its shunt connected resistor 
36, the grid will approach a state of zero potentiali 
relative to the cathode, at viglich time the tube 
30 viiil pass current, thus enabiliag the condenser 
8 to di Ficharge cross the tube. A pulse is thus 

M . : k . . . - * I - 
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passed through the transformer 33 whose titne 
of occurrence is controlled by the adjustment of 
the grid resistance 36, the latter determining the 
length of time it takes for the charge on con 
denser 35 to leak off. The rate of repetition of 
the pulses across the transformer 33 is, of course, 
determined by the repetition rate of the input 
pulises. The period of discharge of the conder ser 
35 Should be less than the tirne Spacing between 
the incoming pulses, to which the output puses 
are responsive, and should correspond to the rela 
tive tine delay desired in puse delayer and keyer 
units 20, 2 f, 22 and 23 of Fig. 2. M 

Fig. 3 shows an arran?ement which is similar 
to Fig. 2. except that the vacuum tube 30” is a 
screen grid tube and the condenser 34” is in the 
screen grid circuit. The elements which are con 

* mon to Figs. 2 and 3 have been given the same 
reference intinerals, and this applies to Fig. 4 
also. Since condenser S4”, resistor 32” and Fac 
uum tube 30’ of Fig. 3 respectively serve the sane 
purpose as CoIndenser 33, resistor 32 and vacuum 
tube 30 of Fig. 2, they have been given the same 
reference numerais cxcept for the prime designa 
tions. Tube 30’ is normally conductive and ex 
cept for the Structural differences hereinabove 
noted, the operation of Fig. 3 is substantially the 
same as the operation of Fig.2. 

Fig. 4 is an arrangement similar to Fig. 3, with 
the exception that there are employed in Fig. 4 
two condensers 34 and 34” which charge and dis 
charge simultaneously, thus providing asharper 
output pulse from the transformer 33. It should 
be noted that condensers 34 and 34” are connecte 
to the positive polarizing potential through sepa 
rate resistors 32 and 32”, respectively. Except for 
the structural differences noted, the operation of 
Fig. 4 is substantialily the same as that of Figs. 
2 and 3. a 
The pulse delay circuit of Fig. 5 includes a 

triode electrode structure 40 and a diode electrode 
structure 4f which, although shown in separate 
envelopes, may, if diesired, be included within a 
single envelope. The triode 40 is cormally con 
ductive (that is, passes current in the absence of 
an input pulse applied to transformer 3 ). Dur 
ing the conductive cordition of tube é 0.. the con 
denser 43 which is connected across the cathode 
and anode through a winding of output: trans 
former 42, is shunted out or by-passed. The rec 
tifier 4 passes current upon the application of 
an input pulise to transformer 3 f, as a result of 
which the condenser 35 will become charged ard 
apply a negative bias to the grid of the triode 4 G, 
thus biasing the triode 4? to the anode current 
cut-off condition. When triode 40 becomes racra 
conductive due to the negative charge on con 
denser 35, the condenser 43 wil becomae charged. 
After the charge on condenser 35 leks off 
through its shunt connected resistor 36, the triote 
40 will again pass current, at which time the ccn 
denser 43 will discinarge through the triode 4d 
and pass a pºilse through the transformer 42. Ir 
order to sharpen the output pulse, a feed-back 
path is provided between the transformer A2 and 
the grid circuit by means of the winding L. Thus, 
when condenser 43 starts to discharge, the puise 
through transformer 432 will apply a positive inn 
pulsae to the grid of the triode 40, to cause. the 
triode to pass current ti??i discharge the con 
denser 483 quicker than would otherwise be 
possible. 

Fig. 6 shows another embodiment of a pulse de 
lay circuši“, which ernploys a triode electrode struc 
ture 40” ad a diode electrode structure 4f. In 

6 
Fºlg 6, the triode 40” is so biased as to be normally 
non-conductive (that is, ít passes no current in the 
absence of an applied pulse to transformer 3 ). 
The application of a pulse to the transformer 3 
Will cause a rectified current in the output of the 
diode 4 which will charge the cordenser 35 in 
Such manner as to apply a positive charge on the 
grid of triode 40' through one winding of the 
transformer 42". This positive charge on the 
grid of the triode 40’ will cause the triode to paSS 
currellt until suchi time as the charge on condenser 
35 leaks off through its shunt connected resistor 
36 down to some lower value, at which time the 
current through the triode begins to reduce. Due 
to regeneration from the transformer 42" (by vir 
tue of the feed-back path shown) the triode 40' 
cuts itself off suddienly a di passes a pulse through 
to the output circuit. It will thus beseen that the 
System of Fig. 6 works in reverse compared to the 
System of Fig. 5. Certain refinements shown in 
Fig. 6 which are not shown in Fig. 5 include the 
condenser 45 and resistor 46 combination in the 
anode circuit of the triode. The condenser 45 
and the main inductance ccil in the anode circuit 
of the triode 40” nay, if desired, be adjustable for 
Coarse time delay adjustment, whereas the adjust 
ment of resistor 36 provides exact time delay ad 
justment. The resistor 46 can be replaced by a 
large reactance in order to save the loss of power 
in the circuit. 

Fig. 7 shows a pulse modulation circuit which 
can be employed in the system of Fig. 1 for modu 
lating the time of th pulses. This circuit of Fig. 
7 includes a pulse delayer and pulse timing mod 

35 ulator. Referring to Fig. 7 in more detail, there 
is shown a tricide vacuum tube 50 across whose grid 
and cathode are connected a circuit 5 which ex 
tends to the pulse o?cillator i 4 of Fig. 1, and also 
a modulation input circuit 52 which extends to the 

0 

5 
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40 Source of modulating potentials for impressing . 
modulations on the pulses in accordance with the 
intelligence to be conveyed. The modulation in 
put circuit 52 is connected to the grid and cathode 
of the triode 50 through an audio frequency trans 

45 former 53. In effect, the vacuum tube 50 is a 
pulse amplifier as well as a pulse modiulator and 
a pulse limiter This anode circuit of triode 50 
includes an indi: t. tance 54 which stores energy 
therein, which e j ergy is controlled by the tube 

50 anode current for delivery to the puise delayer 
and pulse timing modiulºtor vacuum tube 3”. 
The control grid of vacuum tube 30’ is connected - 
to the anode of the vacuum tube 50 through a con 
dienser 56. A condenser 34 is connected between 

55 the cathode and anode of the pulse delayer 30”, 
while a condenser 34' is connected between the 
Screen grid and cathode of tube 30” in Substan 
tially the same manner as the same numbered 
elements of Fig. 4. It should be noted that the 

60 condcnsers 34 and 34” have individual resistors 
32 and 32” connected between thern and the posi 
tive anode polarizing potential. An adjustable 
resistor 57 is connected between the cathode and 
control grid of tube 30’ for providing an adjust 

65, ment of average pulse delay. 
In the operation of Fig. 7, the triode 50 is nor 

mally conductive and stores energy in inductance 
S4. When a negative ptilse fro. " the oscillator 
is applied to the circuit 5 and , vence to the grid 

70 of the triode, tha tube 50 wiº' : ; ve its current cut 
off and cause the aplicatiora o a positive puise 
to the control grid of the tetroda 30”. The tetrode 

. S0” is normally conductive :: the absence of 
pulses. The application of a positive pulsi: to the 

75 control grid of the tetrode 30’ wil cause grid recti 
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cation which will I charge condenser s negatively 

on the side adjacent the control grid of the tetrode 
30'. The tube 30” is thus licft in an anode current 
cut-of condition. During this condition, the 
condensers 34 and 34” charge up, and both of these 
condensers will discharge through the tube 30’ 
when the negative charge on condenser 56 leaks 
ofr. rhe operation of vacuum tube 30’, it wii 
thus be seen, is substantially similar to the opera 
tion of Fig. 4 previously described. For modula 
tion purposes, the input to the triode 50 through 
circuit 52 andi transformer 53 will vary the average 
bias of the triode amplifier and in this männer 
vary the energy stored in inductance I and the 
strength of the puise delivered to the tetrode, as a 
result of which the peak charge on condenser 58 
will be varied in accordance with the modulation, 
thus varying the time delay of the output pulse 

:relative to the input pulse. It should be noted 
that the energy stored in coil 54 is delivered to the 
delayer tube 30” at eacha pulse. The anode cur 
rent in the tube 53 should, of course, reach a sub 
stantially steady state value before each pulse. 

ft desired, there may be provided a feed-tulack re 
generative circuit in the tetrode circuit or in a 
later stage to sharpen the output pulse. 
Tie system af Fig. 8 shows a pulse modulation 

circuit which may be used in the systen of Fig. i 
for modulatir:g the length of the pulses. This 
circuit of Fig. 8, like that of Fig. 7, includes both 
the pulse modulator ind the puise delayer. In 
addition, the system of Fig. 8 includes a pulse 
peak limiter tube 62 which follows the puise de 
layer and length modulator 3G” in order t0 con 
vert variable amplitude puses from the output 
of the delayer tube to variable lengtil pulses. 
The pus? delayer and length modulator herein 
represented by vacuum tube tetrode 30”, with its , 
associated elements, is substantially the same as 
that shown in Fig. 7. It should be noted that in 
Fig. 8 the pulse inpufft circuit 5 is applied be 
tween the grid and cathode of pulse amplifier 
tetro de vacuum tube 60. The scieer grid and 
cathode of tube G0 are connected together 
through a by-pass condenser 64, in turn shunt 
ing a portion of a potentiorneter circuit 65. The 
modulation input circuit 52, however, is applied 
in Fig. 8 to a transformer 6, which is connected 
in such manner that the anode Supply voltage of 
tetrode 30” is modulated in one sense while the 
control grid-cathode potential of tube 30” is mod 
Ulated in an opposite sense for the purpose of 
balancing the effect of the modulation lipon the 
time delay. I am thus able to obtain pulses of 
variable amplitude from the delayer tube 30’, 
which after being limited in pulse peak limiter 
tube 62 appear as pulses of variable length in 
the output circuit 63. The pulse amplifier and 
firmiter tube 60 is normally conductive in the ab 
sence of a negative input pulse from the oscilia 
tor t 4 applied to circuit 5. The application of a 
megative pulse. to t.: circuit 5 serves to cut off 
the anode current in tube 50 momentarily, as a 
restilt of which a positive pulse is dellvered into 
the delayer tube 30” to produce grid rectification. 
The elements appearing in Fig. 8 which corre 
spond in function to those in Fig. 7 have been 
given the Sanne reference numeralS. 

Fig. 9 shows in block form a multiplex receiv 
ing System for use in receiving the multiplicity 
of short duratiop pulses of received energy sent 
out by the multipi ex transmitter of Fig. 1. The 
receiver includes in antenna 70 which is indica 
tive of any suitabriº .3nergy collecting device which 

() 

83 v 
may, if destred, be preceded by a radio frequency 
amplifier, which is fed with energy fronin the 
antenra 9 and also with cscillations from - R 
local heterodyne oscilator 72, and an interme 
diate frequency amplifder 78 în the output of the 
heterodyne detector 7. The intermediate fire 
quency amplifier 73 has its output connected over 
leads 74 to a puise keyer 75, and also over leads 
76 to a multiplicity of other pulse keyers TT, 7, 
79, etc. The pulse keyers 7, 78, ’79, etc. are as 
sociated with different communication paths or 
channels for receiving the different trains or 
groups of pulses, each of which has its own modu 

30 
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lation. The pulse keyer 75, on the other hand, 
forms part of a pulse synchronizing system sign 
chronized mainly by the end of the received . 
pulse. This syrichronization system includes not 
only the pulse keyer 75 but also the puise rectifer 
andi amplifier 6 and the pulse Synchronized puls 
ing oscillator-amplifier 92. The output from the 
pulse keyer i 5 supplies its output over leads 80 
to the pulse rectifier and amplifier 9, the latter 
in turn feeding the rectified energy to a pulse 
synchronized pulsing oscillator and amplifier 82 
from which energy is returned over leads 93 to 
the pulse keyer 5. Thijs Synchronization Systen 
YWhich is described in nore detail later in con 
nection with Fig. 10, overates in synchronism * * * 
with the first train of received pulses in response 
to the receivedi pulses. 
The different channels or communication paths 

in which are found the pulse keyers 77, 7 and 
79 etc. are fed by pulse keying control currents 
over individual puise delayer circuits 87, 88, 89, 
etc., the latter in turn being fed over leads 85 
from the output of the pulse synchronized puls 
ing oscillator and amplifier 92. The pulse de 
layers ?7, 88 and 89 etc. have different delays 
which are adjusted to correspond to the average 
time Spacing of the different series of incoming 
pulses. The outputs from the pulse keyers 77, 
78, 79 etc. are respectively passed on to pulse 
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integrator and demodulator circuits 97, 98, 89 
etc. for reproducing the signal modulation. 
These puise integrators and demodulator cir 
«cuits are preferably biased to provide a certain 
threshold value below which no signal will be 
passed on to the subsequent utilization circuit, 
as an aid in eliminating noise and interference 
below the threshold value. The type of pulse 
integrator circuit will, of course, depend upon 
the type of modulation on the incoming pulses. 
The outputs from the puisse integrator and de 

º mcduator circuits 97, 98 and 99, etc. are passed 
on respectively to audio animplifier and volume 
contro circuits i Tl, i 38 and í 9, from which the 
audio output is utilized in any suitable audio 
translating device such as a headphone, loud 
speaker, recorder or printer. W 

Briefly Stated, the operation of the pulse type 
multiplex receiver of Fig. 9 is as follows: The ex 
tremely short pulses sent out by the transmitter 
of Fig. 1 and which occupy a small percentage of 
the total time, Rre received on antenna 70 and 
reduced in frequency in heterodyne detector 7, 
and ampilie... by intermediate frequency ampli 
fier 73. The intermediate frequency signals from 
ampli?ier 73 pass through the pulse keyer ampli 
fier tube 75 whose output is rectified by 9 and the 
rectified pulse passed on to the synchronized 
pulsing oscillator 92, which, in turn, interrupts 
tine pulse keyer 75 at the frequency of the first 
Series of received pulses. This first series of re 
eceived pulises, in accordarace with the preferred 

may be directive. A aeter xdyne detector 7 whica 75 embocirautut of the invention, is passed by the 
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pulse delayer and keyer circuit 20 of the trans 
mitter of Fig. i and thus has no modulation. 
The output pilses from the pulse synchronized 

pulsing oscillator 92 passes through the pulse de 
layer circuits 87, 68 and 89, whose delays are ad 
justed to correspond to the tinne spacing of the 
different series of in coming pulses, each series of 
which represerts F, different channe and has its 
own modulation. The signals themselves, how 
ever, pass from the output of the intermediate 
frequency amplifier 73 to the pulse keyers 77, 78, 
79 etc., whose operativeness or responsiveness is 
controlled by the pulse delayers 87, 88, 89, etc. 
It will thus be seen that the different chanes 
in the receiver are rendered operative solely at 
those times when the signas are due to arrive at 
the different channels. Putting it in other words 
and using the language I have previously adopted, 
the different receiver channes are “sluttered” or 
“gated” in synchronism with the incoming pulses 
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and the length of gate open periods for each 
channel are made only large enough to includie 
the desired puses when they are modulated. 
The signals passed on by the pulse keyers in the 
different commi ication paths or channels are 
then demodulatºd in the apparatus 97, 98, 99, etc., 
the audio output of which is then amplified ini 
audio amplifiers 07, f08, G9. 
The synchronization System in the multiplex 

receiver of Fig. 9, which operates i Synchronism 
with and under control of the received pulses, is 
illustrated in more detail in Fig. 10, whose elle 
menis bear the Same numbered reference numer 
als as the corresponding elements in Fig. 9. Re 
ferring to Fig. 10, it will be noted that puses of 
radio frequency energy from the intermediate 
frequency amplifier 3 are applied between the 
grid and cathode of the, puise keyer 75 through 
a transformer f ö. The puse keyer T5 is nur 
maliy biased to cut-off by virtue of a negative 
potential applied to the grid over a path includ 
ing sa resistor 2 and a secondiary winding of 
transformer f f 0. The output from the pulse 
keyer is applied to apparattis ºf which includes 
a rectifter and a direct current amplifder, as 
shown. M N 

It should be noted that the grid and anode cir 
cuits of the pulse keyer 75 comprise parallel tuned 
circuits. These tuned circuits are tuned to the 
intermediate frequency signal. The pulse Syn 

º cnronized puising oscillator and amplifier 92 is 
Soyw aS a triode of the feed-back Or regenera 
tive type. The grid includes an inductance coil 

which is coupled to the feed-back coil i 2 in 
the mode circuit of the tube, both of these Coils, 
in turn, being coupled to another coil i f3 which 
passes positive pulses at the frequency of the 
pulse oscilator to the grid of the pulse keyer 5 
over lead f and resistance ? 5. The oscillator 
92, in effect, is a saw-tooth oscillator which nor 
mally operates by itself at a frequency slightly 
lower than the pulse rate of the incoming pulses, 
but is constrained to operate at the pulse fire 
quency by the incoming synchronizing pulse sig 
mai. The values of the resistors and condenserS 
either in the Crid or plate circuits, or both, of the 
pulse oscillator 92 determine the frequency of the 
oscilations of the puise oscillator 9 and these 
values together with the constants of the trans 
:Krimer in the oscillator circuit determine the 
teigt of pulses across resistence 2 f, which are 
preferably equal to, or somewhat onger tinan the 
transmitted puses. The voltage across the anode 
condenser f i 6 and across the grid condense ? 7 
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paSSed by co f3 is a short pulse wave. Oscilla 
tor 92 operates continuously whether or not in 
comitng Signas arrive at the receiver. It is made 
relatiivsely highly stable in operation. This type 
of pulsing oscillator, it will be recognized, is well 
known in the television art. It will be found de 
scribed in rry Patent 1,898,18 and in Tulson 
and Duncan Patent i 2,101,520. In the opera 
tion of the synchronization systen, the incoming 
pulses applied to transformer i G, which are at 
an intermediate frequency, will be passed by pulse 
keyer T5 to pass them on to the rectifier and ampli 
fier apparatus 9 f only within time intervas cow 
ered by the pulses from oscillator 92. As the time 
periods of signal pulses and puses from oscillator 
92 drift together until they overlap, signal pulse 
energy passes through kaeyer 75 and pulse energy · 
is delivered through rectifier and amplifier 9 to 
advance the pulses of oscillator 92. The more 
the signal puises overlap into the pulses from 
oscilator 92 the longer and stronger will be the 
pulses and the average D. C. current from 9 li into 
oscilator 92 and the more osciator 92 will be 
speeded up to tend to reduce the overlap. By 
this means, after suits ble adjustments, oscillator 
92 is synchronized by the signal pulses. 

In this arrangement the power of energy from 
9 to advance the phase and increase the fire 
quency of oscilator 92 may be adjusted for 
optimum results. In addition, by employing dif 
ferent time constants in 3 il it ils possible to obtain 
any desired rate of response of oscillator 92 to 
shifts of phase between signal pulses and pulses 
from 92. This time constant adjustmetit pro 
vides an equivalent control of averaging of the 
synchronizing effect of signal pulses, equivalent 

4) 

to control of frequency selectivity for reducing 
the effects of noise arriving with the signals. 
The connections from the pulse oscillator 92 

for supply ing synchronizing pulses to the pulse 
delayers of the multiplex receiver are also made 
across winding f 3, each delayer being connected 

45 

50 

through a resistance like resistance ft 5 to mini- , : : 
mize reactions between delayers and the syn 
chronizing system. : M 

Fig. 11 illustrates a single pulse receiver for : : : : 
receiving modulated puses of high frequency en 
ergy transmitted from a remote pulse type trans 
mitter. This receiver includes ar antenna Which i 
is connected to the System through a transmission 
line 50, a detector circuit 5 which is shown as 
a crystal detector although it may be any suit 

, able type of detectºr, a pair f pulse amplifiers 

55 

80 

65 

52, at keyer amplifier 53, another pulse ampli 
fier 54, a detectLor fi S6, an audio amplifier 5, 
and a pulse oscillator f58 which operates in syn 
chronism with the received pulses aed controls 
the keyer amplifier 53. 

In the operation of Fig. 1, t, us assume that 
this receiver is desired to receive ultra high 
frequency pulses ha7ing a percentage duration of 
approximately 1% of the total fine, repeated at a 
rate of 20,000 per second, and mociulated in am 
plitude by speech waves at the transmitter. This 
20,000 per second pulse rate is illustrative of any 
suitable frcquency above the highest. modu. acn 
frequency. These ultra high frequency puses are 
received in the antenna and pasEed on te he crys 
tal detector 5 over transmission line 5. The 
detector 5 serves to provide din its output pulses 
of energy with the ultra high frequency carier 
removed, i. e., direct current pulses, or pulses 
nore or less representative of the envelope of 

radio frequency current puses, These pulses . 
is a saw-tooth wave althougiu th? voltage puise 75 are then amplified in pulse amplifiers 52, 53 and 

F 
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54 and demodulated in detector i 58. The puise 
- amplifiers í 52, of course, have suficient over-all 
gain to achieve the desired purpose, it baeing un 
derstood that, if necessary, additional amplifier 
stages may be used. The amplifier Of the receiver 
is keyed synchronously by the keyer amplifier 
53 and passes energy on to the pulse amplifier 
54 and the detector i 56 only when pulises are 

due to arrive. The keyer i 53 is operated by pulse 
oscillator 58 which supplies puises at the end 
of the received pulses and which is synchronized 
by the endings of the received pulses. In effect, 
the pulse oscilator f58 is a saw-tooth oscillator 
which operates in synchronism with and is con 
trolled by the received pulses. This oscillator 58 

* produces short pulses in the transformier 59 
which discharge the conderser XK and thereby 
block the pulse keywer amplifier i 5S, the latter in 
turn being arranged to recover its operating po 
tentials, as condenser X charges up again through 
its charging resistance, in suficient time for a 
succeeding pulse to start. Putting it in other 
words, it can be said that the oscillator 58 “shut 
ters” or “gates” the amplifier 53. The pulse 
amplifier i 54 operates on the threshold princi 
ple. Grid rectification in this amplifier f54, due 
to signal pulses, biases the grid poteratial to such 
a value that weak currents such as may be pro 
duced by noise, dio not produce any output from 
the tube. yro 
The coupling of signal pulses to oscillator f58 

for accomplishing synchuronizing is obtained from 
the screen grid current cif keyer tube i 53, which 
responds to the signai puises, and which reacts 
upon oscillator í 5ð. 

Fig. 12 shows another type of receiver which 
may be employed instead of the receiver of Fig. i1 
for receiving arupitude modulated carrier wave 
pulscs. The receiver of Fig. 12 is an alternative 
to the receiver of Fig. 11 abadi both are equipped 
with the desirable feature of “shuttering” or 
“gating” the receiver synchronously with the 
transmitter, so that the receiver is operative 
solely at times when the signal pulses are due 
to arrive. In Fig. 12 the antenna is shown by 
way of example as a horn type of antenna for 
receiving ultra high frequency pulses of extreme 
ly short duration radiated by the remote trans 
mitter. The received inpulses are passedi from 
the artenna through transmission line 50 to 
the detector f5! which will produce direct cur 
rent pulses. The direct current pulse output from 
the fietector i 5 is passed on to three switching 
amplifiers 60 arranged in cascade, the output 
of which is passed on to a pºlse integrator de 
tector !! 6 !! which demodulatics the puises and 
produces audio frequency current which is then 
amplified in audio amplifier i 62. The “gating” 
or “shutter, ug” of the receiver is effected by 
means of the pulse control switcher tube i 65 
and its associated elements. It should be notec 
that the control grid of tube i 65 is connected 
to the output of thise last pulse switching ampli 
fier f 60, while the Secreen grid circuits of the 
three pulse switchirg amplifiers f 80 are con 
nected over a ccm mJFR lead to the anode of the 
tube i 65. In the operation of the receiver of 
Fig. 12, tube S5, in the absence of received 
pulses, is non-3conductive. However, arrival of 
a signal pulse which passes through the receiver 
will cause. tube i 65 to pass current thereby dis 
charging the condersers in its anode circuit. This 
reduces the screen grid potentials of ampliers 
60 and makes them inoperative for : time period 

: -- which is adjustable by adjusting the value of 
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resistance through which the cordensers are 
cluarged. This time period is adjusted to corre 
spond to the tine period between the received 
signal pulses. This the receiver is blocked dur 
ing time periods between signa? pulses. A pulse 
received on the receiving systenn andi passed by 
the pulse switching amplifiers places a positive 
potential on the control grid of tube f 65, thus 
rendering it momentarily conductive. The mo 
mentary conductivity of tube 65 lowers the 
Screen potential on the three pulse switching 
amplifier tubes 60, as a result of which the 
receiver is renderedi inoperative until a selected 
time later when another pulse is due to be re 
ceived. The arrangement of condersers 166 and 
67 in circuit with the tube i 65 prevents the 
quick lowering of the screen potentiais on the 
pulse switching amplifiers uutil almost the end 
of the received pulse, thus allowing substantially 
the entire puise to be used in producing output 
from the receiver. These condensers are, in ef 
fect, a time delay circuit. Bºutting it in other 
words, the keyer or switcher tube f 65 serves to 
discharge the screen potentials of the pulse 
switching amplifiers i 6G at each received pulse. 
These screen potentials, however, recover or as 
sume their normal values before the next pulse 
is due to arrive. 

It should be noted that tubes 60, in the ab 
Sence of Signal pulses, pass no current because 
of bias potential on their control electrodes. 
Therefore, pulses of the switcher f65 do not pass 
energy on to the pulse integrator detector in 
the absence of a signal pulse. 
What is claimedi is: 
1. In a multiplex communication system, a 

common pulse oscillator, a plurality of puse 
modulators respectively coupled to tie output of 
said pulse oscilator, a signaling source for each 
of saidi modulators for modulating a characters 
tic of the pulses produced by said pulse oscillator, 
individual delay circuits respectively coupled to 
the outputs of said modulators and luaving such 
constants that said delay circuits pass puses of 
the same repeti*'. In rate but which occupy se 
quentially differe :: ; time. pcriods, the petises 
from each delay ci cuit being short compared to 
the time interval between them, the percentage 
of time occupied by the pulses from all of said 
delay circuits in each cycle of operations being a 
small fraction of the total time of said cycle, a 
radio frequency fransmitter for sending said 
pulses, a r* c ºver for receiving the puises 
sent out bv sad transmitter, , and - a plu 
ratity of cha nnes at said receiver corresporad 
ing in number to the number of said pulse sig 
nalling Sources, means at saíd receiver for ren 
dering said channel sequentity opcrative to re 
ceive the different signals - from said signalling 
Sources only at Sulchi , mae Periods when the signal 
pulses are due to arri’’c, the time periods of op 
erativeness for the djet rcnt channes being dif 
ferent. 

2. The comb'nation with a transmitter, of 
5 means coupledi hereto for causing it to send out 
a plurality of pulse transmissions each with its 
own muoditiation, the separate pulse transmissions 
being such that they do not concide in time and 
all pulse. transmissions in each cycle of opera 
tion occupy only a srnall percentage of the total 
time of the cycle, said means including a common 
pulse osciliator from which the separate pulse 
transmissions are derived, a plurality of modu 
iš coupled to the output of said osciliator, 

and delay circuits coupled to the outputs of said 
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modulators and having such constants as o pass 
pulses therethrough at non-overlappirg in 
tervas, and a receiver having associated there 
with a plurality of utilization circuits, one for 
ech of said plurality of transmissions, and 
means at said recciver for rendering said utiliza-* 
tion circuits operable in regular and Synchro 
mized sequence so as to permit said receiver tº 
deliver a signai pulse to cach ultization circuit 
solely at a tirne period which a can Qe occupied 
by the pulse to be utilized by the said receiver. 

3. In a multiplex communication System, a 
radio transmitter for generating ultra high fre 
quency carrier waves, a pulse oscillator, a plu 
rality of stations controlled by said pulse oSci 
lator, each of said stations including a modula 
tdör, a sigralling source coupled to said modulia 
tor, and a delay circuit in the output of Said 
modulator, the delay circuits in the different 
stations providing different delays; a radio trans 
nnitter, and means coupiling the outputs of Said 
modulators to said radio transmitter for causing 
said transmitter to radiate a number of norm 
overlapping pulse transmissions each composed 
of pulses of ultra high frequency waves of a dira - 
tion not exceeding several microSeconds, each of 
said pulse transmissions having its own modula 
tion, the average repetition rate of each of Said 
pulse transmissions being the same but highier 
than the highest modulation frequency, the per 
centage of time occupied by the pulses from all 
of said puse transmissions in each cycle of op 
erations being a very small fraction of the tota 
time of said cycle, and a receiver having , asso 
ciated therewith a plurality of communication 
paths corresponding in number to the number 
of said puise transmissions, and means at said 
receiver for conditioning said communication 
paths to be receptive at different times in syn 
chronized sequence and solely at time periods 
corresponding to the time spacing between the 
pulses of the different pulse transmissions. 

| 4. In a puse communication system whereira 
intelligence is onveyed by means of time modu 
lated pulses of high frequency energy, a receiver 
having an amplifier in the signal path, and means 
responsive to the received pulses for auto 
matically keying said amplifier to be operative 
solely at time periods which may be occupied by 
the incoming pilises, said means including a puise 
keyer vacuum tube normally based to cut-off, 
a circuit for Supplying the input circuit of Seid 
keyer tube with pulses representative of the re 
ceiver Waves, and , feed back circuit between 
the output and input circuits of said keyer tube, 
said feedback circuit comprising a rectifier, a 
direct current amplifier for receiving the recti 
fied energy from said rectifier, and a pulse oscil 
lator controlled by said direct current amplifier, 
sid puise oscillator normally operating at a 
pulse rate slightly different from the pulse rate 
of the incoming pulses but being corstrained to 
operate at the pulse rate of the incoming pulses. 

5. Ilin a multiplex communication system, a 
pulse oscillator, a plurality of pulse signalling 
source controlled by said pulse oscillator, each 
source including a pulse delay circuit, the pulse 
delay circuits of Said Sources having different 
tilme constants, Yyhereby said sources transmit 
pulses of the same repetition rate but which oc 
cupy diferent time periods, the pulses from each 
source being short compared to the time interval 
between them, the percentage of time occuptd 
by “he pulses from až o said pulse signalling 
sources in each cycle of operations being a very 

? 
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small fraction of the total time of each cycle, 
a radio frequency transmitter for sending Said 
puses, a receiver for receiving the pulses sent 
out by said transmitter, and a plurality of chan- , "... ' .. * * . 
nels at said receiver corresponding in number 
to the number of said se signalling sources, 
each of Said channels i ciliciling a pulse kerer, a 
pulse integrator andi demodulator coupled to the 
output of said keyer, and an audio frequency 

10 annpiiifer coupled to the output of said integrator 
and demodulator, :,:ans at said receiver for 
rendering Saidi channels sequentially operative to 
receive the different signals from said signalling 
sources y aš Gt:h time periods when the signal 

5 pulses are de to a rive, the time periods of op 
erativeness Ar the different channes being diff 
feet. M ” 

6. A multiplex receiver for receiving a puu 
irity of pulse transmissions of high frequency 
energy, comprising alheterodyne receiver for 
ergy down to pulses of lower frequency energy, 
a plurality Jof communication channels coupled 
in common to the output of said receiver, each 

25 , of said channels including a pulse keyer, a 
vacuum tub? pulse integrator and demodulator 
circuit, and an audio frequency amplifier, a puse 
delayer coupled to the inclitt of each pulse keyer, 
the different pulse delayers heing adjusted to 

30 have different tim 2 delays, and a pulse syn 
chronization system also coupled to the output 
of Said heterodyne receiver and responsive to the 
received pulses to produce pulses of the samt 
repetition rate as the frequency of the received 

36 5 
puts of said pulse delayers to said synchroniza 
tion System, whereby said synchronization sys 
tem conditions said channels to be operative in 
regular sequence and at different times register 
ing solely with the time periods when signals 
are due to be received by the different channels. 

7. In a pulse communication system wherein ; : : : 
intelligence is conveyed by means of pulses of high : - 
frequency energy and which pulses i are short . . . . . . . . . 

45 comparedi to the time interval between them, a - . . . . 
receiver having an amplifier in the signal path, 
a detector coupled to the output of said amplifier, 
a pulse oscillator, means for synchronously op 
erating said oscilator fron the endings of the i . 

50 rcceived puises for automatically conditioning 
Said amplifier to be receptive solely at time 
periods which may be occupied by the incomin 
pulses. X w 

8. In a pulse communication system wherein 
55 intelligence is conveyed by means of puses of 

high frequency and which puses are short com 
pared to the time interval between them, an an 
tenna, a detector coupled to said antenna for 
converting said pulses of high frequency energy 

60 to direct current pouses, and amplifier in the signal 
path following said detector, and a pulse oscil 
lator, means for synchronously operating said 
oscillator from the endings of the received puses 
for automatically conditioning said amplifier to 

65 be receptive solely at time periods which may be 
occupied by the incoming pulses. 

9. In a pulse communication system wheren 
intelligence is conveyed by means of amplitude 
modulated pulses of higli frequency energy and 

70 which pulses are shorf compared to the time in 
terval between them. an antenna, a detector cou 
pled to said antenna for converting saidi puses 
of high frequency energy to direct current puses, 
a multi-stage amplifier in the signal path follow 

75 ing sa di detector, a pulse integrator de actor 

8 

beating the received pulses of high frequency en 

pulses, and a common connection from the in- . 
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following said multi-stage amplifier, each stage 
of said amplifier comprising a screen gridi tube 
having a polarizing potential applied to the Screen 
grid thereof, and a normally non-conductive 
vacuum tube switcher having an input elec 
trode couped to the output of said amplifier 
and an output electrode coupled to the Screen 
grid circuits of said multi-stage amplifier, said 
switcher tube being momentarily rendered op 
erative by the direct current pulses to thereby re 
duce the screen potentials on said multi-stage am 
plifier, as a result of which said receiver is ren 
dered non-responsive for those periods betWe? 
incoming pulses. 

10. A multiplex receiver for receiving a plu 
: rality of pulse transmissions of high frequency 
energy, comprising a heterodyne receiver for beat 
ing the received pulses of high frequency energy 
down to pulses of lower frequency energy, a plu 
rality of communication channels couplied in 
common to the output of said receiver, each of 
said channels including a pulse keyer, a pulse in 
tegrator and demodulator, and an audio frequency 
amplifier, a pulse delayer coupled to the input 
of each pulse keyer, the different putilise delayers 
being adjusted to have different time delays, and 
a pulse synchronization system also coupled to the 
output of said heterodyne receiver and responsive 
to the received puses to produce pulses of the 
same repetition rate as the frequency of the re 
ceived pulses, and a common connection from the 
inputs of said pulse delayers to said synchro 
nization system whereby said synchronization 
system conditions said channels to be operative 
in regular sequence and at different times regis 
tering solely with the time periods when signals 
are due to be receiv?d by the different channels, 
said pulse synchronization system including a 
pulse keyer vacuum tube normally biased to cut 
off, and a feedback circuit between the output 
and input of said last pulse keyer vacuum tube, 
said feedback circuit comprising a rectifier, and 
a pulse oscillator controlled by the rectified pulses. 

11. In a Tinultiplex communication system, a 
pulse oscillator, a plurality of pulse signalling 
Sources controlied by said puise oscillator and 
transmitting puises of the same repetition rate but 
which occupy different times periods, the pulses 
fron each source being short compared to the time 
interval between them, the percentage of time 
occupied by the pulses from all of said pulse sig 
nalling source in each cycle of operations being 
a very small fraction of the total time of each 
cycle, a radio frequency transmitter for sending 
said pulses, a receiver for receiving the pulses Sent 
out by said transmitter, and a plurality of chan 
neis at saidi receiver corresponding in number to 
the number of said pulse signalling sources, each 
of said channels including a pulse keyer, a pulse 
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integrator and demodulator coupled to the output 
of said keyer, and an audio frequency amplifier 
coupled to the output of said integrator and de 
modulatur, m?ans at said receiver for render 
ing said channels sequentially operative to re 
ceive the different signals from said signalling 
Sources cnly at such time periods when the signal 
pulses are due to arrive, the time periods of op 
erativeness for the different channels being dif 
ferent, *said last nimeans including a pulse keyer 
Vacuum tube normalily biased to cut-off, and a 
feedback circuit between the output and input 
of said keyer vacuum tube, said feedback cir 
cuit comprising a rectifier and a pulse oscillator 
controlled by the rectified pulses. w 

12. In a pulse communication system wherein 
intelligence is conveyed by means of modulated 
pulses, a receiver having an amplifier in the path 
over which the receivedi pulses may pass, said am 
plifier comprising a screen grid vacuum tube 
having a polarizing potential applied to the 
screen grid thereof, and a normally non-con 
ductive vacuum tuhe switcher having an input 
electrode coupled to the output of said amplifier 
and an output electrode coupled to the screen 
grid of ?aid amplifier, said switcher tube being 
momentarily rendered conductive by the pulses 
passed by Said amplifier to thereby reduce the 
screen potential on said amplifier, as a result of 
which said receiver is rendered non-responsive 
for those periods between received pulses. 
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