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UNITED STATES PATENT OFFIC

PULSE TYPE MULTIPLEX COMMUNICATION
» _ SYSTEM .

Clarence W. Hansell, Rocky Point, N. Y., assignor
to Radio Corperation of America, a corporation

of Delaware

Application July 17, 1943, Serial No. 495,181

12 Claims. (CL 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 wherein a plurality of trains or
groups of pulses are transmitted, each group
bearing its own modulation in accordance with
the particular message to be conveyed thereby.

In my copending application, Seriai No.
371,865, filed December 27, 1940, néw U, S. Patent
2,381,444, granted August 7, 1945, there is dis-
closed a pulse type communication system in
which the receiver is rendered operative solely at
time periods when the signal 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 transrnitter 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 the
short pulses, and (2) that there is obtainable sn
increase in the signal-to-noise power compared

to continuous wave systems, not only because of

the in~reased transmitted power but also because
the receiver is responsive only during time periods
which may be occupied by the transmitted pulses,
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 & multi-

plicity of transmitting channels are operated nver -

a single transmitter to transmit nonoverlapping
pulses which are very short compared to the time
intervals between them. The train or group of
pulses from each transmitting station has its own
modulaiion impressed thereon, and the "pulses
from all transmitting stations occupy only a
sinall percentage of the total t'me for all condi-
tions of modulation. The transmitter peak power
is almost inversely proportional o the percentage
of totzl time occupied by the pulses, and is thus
high compared to known continuous wave sys-
tems. At the receiver, & synchronization system
is employed toc eaable the different receivers or
utilization circuits to be individually responsive
at different times and solely at those times at
which the signal pulses are dusz to arrive.
Thresholding au.! Hmiting devices nay be em-~
ploved at the receiver to further reduce the noiss.
Thus, if there are continuous wave transmitters
which might tend to interfere with the pulsing
system of the invention, the cutput from the con~
tinuous wave transmitters must reach the re-
ceiver of the invention with greater strength ¥

a
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: 2 .
produce interference than with a cortinuous
wave receiver. So long as th2 received strength
of the continuous waves is less than the threshold
value set at the recelver of the invention, the con-
tinuous waves will not interfere greatly with the
operation of the present inver‘ion. - Likewise, if
the continuous waves do not modulate the signal
current down 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 ampiitude of all noise and interference
combined is less than hslf the peak amplitude of
the pulse 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, all

pulse transmitting stations of the multiplex sys-

tem will 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 pulses, and by
means of suitable switching or commutating cir-
cuits transfers the different trains of pulses to
the different channels to render them responsive

solely at times when thess pulses are due to . -

arrive, .

An outstanding advantage for the pulse sys-
tem of the present invention employing a “shut-
tered” or “gated” receiver is that great stability
of radio frequencles in transmitter and receiver

. is not required. Therefore, the system is particu-
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58 Fig. 1;

larly advantageous for use at the highest radio
frequencies where frequency stability provides a
serious problem in continucus wave systems. The
discrimination against noise and interference
made possible by the pulse rate and pulse timing
selectivity replaces the selectivity based upon
close control of radio carrier freguencies, vhich
is relied upon in continuous wave sysiems.

A more detailed description of the invention
will now be given, in conjunction with the draw-
ing, wherein:

Fig. 1 schematicaily illustrates the transmit-
t.1g end of a pulse type multiplex communica-
tion system, in accordance with the present in-

2niion;

Fizs, 2 to 6 schematically illustrate details of
different pulse delayar circuits which can be used
ia the transmitting : ’stewn of Fig. 1*

Figs. 7 and 8 schumatically fllustrate Jd:talls

of ' different types ¢f pulse modulation circuits
which can be used in the transmitting system of

v %
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3

Fig. 9 schematically {llustrates ‘e recelving
end of a pulse type multiplex communication sys-
tem in accordance with the present invention;

Fig. 10 schematically fllustrates the detailsof a
pulse conirolled switcher circuit which can be
used in th2 receiving system of Fig. 8; and

Figs. 11 and 12 show different embodiments of
individual receivers for receiving and demodulat-
ing pulses sent out from a remote transmitter.

Referring to Fig, 1, there is shown in block dia~
gram g pulse type muidplex {ransmitter suitable
for the transmis~ion of pulses which are modu-
lated in lengtn or timing. This transmitter in-
cludes a pulse keyed radio frequency amplifier 18
which is supplied with radio frequency excita-
tion from a constant radio frequency oscillator
1. Transmitter 108 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 inpuft pulses. The
cutput {rom the iraLsmitter {0 passes over a suit-
able transmission line {2 to an antenna system
13, here shox7, by way of example only, as a di-
" rective antenna in the form of a parabolic reflec~
tor having a dipole at its focus. A pulse oscilla-
tor {4 produces pulses at a constant rate, whgch
pulses are short compared with the time spacing
between them. .

These pulses are repeated at a frequency above
the hizhest medulation frequency, and are de-
livered to pulse modulators 15, 16, 17, etc. and to
8 pulse delayer 208, The pulse modulators 5, {6
and i1 have respectively impressed thereon mod-
ulation inputs from leads 1§, 18’ and 171/, in
order that the cutputs of these mod .ators con-
sist of trains or groups of pulses suicahly modu-
lated in accordance with the intell.gence to be
conveyed on the different channels. The outputs
from the pulse meodulators I8, I8, i1, etc. are re-
spectively delivered to pulse delayers rad keyers
21, 22, 23, etc. These pulse delayers a~2 adjusted
for different delays in order to provide pulses
which constitute the Input to the trar.smitter or
pulse kaved radio frequency amplifier 13. The
pulses delivered to the transmitter {3 from the
delayer circuits are preferably equelly spaced in
time, on the average, and recur st a prulsing rate
equal to the rate of the pulse oscillafor {$ muilti-
plied by the number of pulse delayes modulators
plus one. Obvicusly, the pulse cutputs from the
different channels (each of which includes a pulse

centers of continued pulses will be 20 micro-sec-
onds. The pulse length may be on the order of
& half micro-second. For this example, it will be
evident that the perceniage of time occupied by
all pulses in each cycle of operations for all con-
ditiors of modulation may be only 2.5% of the
total elapsed time, as measured from the begin-

-ning of one pulse transmiited by the first chan-

15

nel to the beginning of the next pulse transmitted
from the same channel in one complete cycle of
operations. With this percentage of operating
time the transmitter [0 can provide on the order
of 40 times as much peak power as can be ob~
tained from s continuous wave transmitter of
equal size and cost.

It should be noted that the pulse oscillator 4
impresses its output directly upon the pulse de-

. layer and keyer 28 without the intermediary of

a pulse modulator circuit. This arrangement is
preferred because it is desired that the pulses

_ from the output of the pulse 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 recelving circuits sequeatially
operative after the receipt of the first pulsz, ii is
preferred that there be no modulation impressed
on the synchronizing pulses, in accordarce with
the preferred embodiment of the present inven-
tion. This feature will be described in more de-
tail Jater in connection with the receiving system
of Fig. 9, . : .

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

Referring to Fig. 2 in more detail, there is
shown a iriode vacuum tube 30 to whose grid is
supplied an input pulse through a transformer
31. A positive pclarizing potential is supplied to
the anode of the vacuum tube through a variable

- resistor 32 and the primary winding of a trans-

45

50

modulator and delayer circuit) are independently -

modulated for the transmission of independent
programs or moedulations. >

The pulse delayer circuits 29, 21, 22, 23, etc.
pass ruls3s at the same repetition rate as the
pulse osciilator 14 but at different times. Thus,
if the pulse modulator circuits modulate the
length of the pulses, for example, the transmitter
will send out constant frequercr but variable
length pulses separated in time. 12, however, the
pulse modulators modulate tue tixing of the
pulses, the transmitter 6 will sund out Limuug
modulated pulses whose average frequency s tie
same but which are retarded or advanced in tinue
by the modulation. .

The pulses from each delayer circuit are short
comaared to the time iniarvals betweon thern:,
in order that the puilses from all the channeis
cccupy only a small percentage of the tota]l time
for all conditions ¢f modulation. Thus, as an
exampie, a & channe] telephone multiplex system
Including a synchronizing channel might have a
yilse rate In each channel of 10,009 per seccnd,
‘. wkich case the average spacing belween

65
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former 33. A condenser 34 is connected between
the cathodz 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
and the outpus pulse. The time delayed output
pulse is taken from *he secondary winding of the
transformer 32. Vacuum tube 30 is so biased that
it is normelly conductive (that is, passes anode
current in the absence of an input pulse). In

this ccniiticn, a current will flow from the posi- -

tive Jolarizing source tiwrough the resistor 32 and
through the pri nary winding of transformer a3,
ihus shunting o1 by-passir.z condenser 34. An
incoming pulse applied to the transformer 31 will
drive the gric of the triode momentarily positive
to charge th: ¢condenser 3§, due to grid rectifica-
tion, as a result of which 2 negative charge is
placed on the grid of the tube 30, thus biasing the
tube and randering it non-coaductive. When the
trhe 33 becomes non-cenducting, current will flow
from the pesitive 2node polarizing source through
the ccndenscr $4 to ground, and will thus charge
the condenser 38. When the charge on condenser
35 ieaks off through its shunt cennzeted resistor
36, the grid will approach = state of zero potential
relative to the cathode, at which time the tube
2C wiil pass current, thus enabliag the condenser
34 to drrcharge ucross the tube, A pulse s thus

[ h o Tk
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passed throuch the transformer 33 whose time
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 repetiticn of
the pulses across the transformer 33 is, of ccurse,
determined by the repetition rate of the input
pulses. The pertod of discharge of the condenser
35 should be less than the time spacing between
the incoming pulses, to which the output pulses
are responsive, and should correspond to the rela-
tive time delay desired in pulse delayer and keyer
units 20, 21, 22 and 23 of Fig. 2. -
_ Fig. 3 shows an arrangement which is similer
to Fig. 2. except that the vacuum tube 38" is a
 screen grid tube and the condenser 24’ is in the
_screen grid circuit. The elements which are com-

% mon to Figs. 2 and 3 have been given the same

reference numerals, and this applies to Fiz. 4
also. Since condenser 34’, resistor 22’ and vac-
uum tube 30’ of Fig. 3 respeciively serve the same
purpose as condenser 34, resistor 32 and vacuum
tube 30 of Fig. 2, they have been given the same
reference numerals cxcept for the prime desiz
tions. Tube 30’ is normally conductive angd 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 eniployed in Fig. 4
two condensers 34 and 34’ which charge and dis-
charge simultaneously, thiis providing a.sharper
output pulse from the trensformer 33. It shculd
be noted that condensers 34 and 34° are connezted
to the positive polarizing potential through sepa-
rate resistors 32 and 3Z2’, respectively. Except for
the structural differences noted, the operzticn of
Fig. 4 is substantially the same as that of Figs.
2 end 3.

The pulse delay circuit of Fig. § includes a
triode electrode structure 48 and a diode electrode

structure 4f which, although shown in separate -

envelopes, may, if desired, be inclided within a
single envelope. The triode 40 is cormally con-
ductive (that is, passes current in the absence of
an input pulse applied to transforme: 31). Dur-
ing the conductive condition of tube &0. the con-
denser 43 which is connected across the cathode
and anode through a winding of outpui trans-
former 42, Ir shunted out or by-passed. The rec-
tifier 41 passes current upon the application of
an input puise to transformer 3f, as a resuit of
which the condenser 35 will become charged and
apply a negative hias to the grid of the triode 40,
thus biasing the tricde 40 to the anode cuirent
cut-off condition. When triode 40 becomes ron-
cor.ductive due to the ncgative charge or con-
denser 35, the condenser 43 wiil hecome charged.
After the charge on condenser 35 levks off
throuzh its shunt connected resistor 36, the trioce
40 will again pass current, at which time the ccn-
denser 43 will discharge through the triode 4%b
and pass a p'ilse through the transformer 42. :n
order to sharpen the output pulse, a feed-baci
path is provided between the transfoimer 42 znd
the gvid circuit by means of the winding L. Thus,
when condenser 43 sturts to discharge, the puise
through transformer 42 will apply a positive im~
pulse to the grid of the triode 40, to cause the
triode to pass current znd discharge the con-
denser 43 dquicker than would otherwise be
possible.

Fig. 6 showé another embodiment of g pulse de- *

lay circu’* which employs a triode electrode struc-
ture 40’ and a diode electrode structure 41. In

Fig 6, the triode 40’ Is 5o biased as to be normaily

non-conductive (that is, it passes no current in the
absence of an applied pulse to transformer 31).
The application of a pulse to the transformer 34
5 will cause a rectified current in the output of the
diode 41 which will charge the condenser 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
10 grid of the triode 48’ Wil cause the triode to pass
current until suck 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
15 to regeneration from the transformer 42’ (by vir-
tue of the feed-tack path shown) the triode 40’
cuts itself off suddenly and passes a pulse through
to the output circuit. It ‘#ill thus be seen that the
system of Fig. 6 vorks in reverse compared to the
o0 5ystem of Fig. 5. Certain refinements shown in
Pig. 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

25 of the friode 40’ may, 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

30 in the circuit.

Fig. 7 shows a pulse modulation circuit which
can be employed in the system of Pig. 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
- isshown a tricde vacuum tube 50 across whose grid
and cathode are connected & circuit 5! which ex-
tends to the pulse oscillator i4 of Fig. 1, and also

a modulation input circuit 52 which extends to the

40 source of modulating potentials for impressing
‘meiulations on the pulses in accordance with the
intalligence to be convered. 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 s
pulse amplifier as well as a pulse medulator and

“. @ pulse limiter 7Tht anode circuit of triode 50
includes an ind-=: tance 54 which stores energy
therein, which e :r3y is controlled by the tube
50 anode current for celivery to the pulse delayer
and pulse timing modulator vacuum tube 32°,

The control grid of vacuum tube 30’ is connected -

to the anode of the vacuum tube 58 through a con-
denser 56. A condenser 24 is connected between
55 the cathode and anode of the pulse delayer 30°,
while & condenser 34’ is connected between the
sercen grid and cathode of tube 38’ in substan-
tially the same manner as the same numbered
elzments of Fig. 4. - It should be nofed that the
60 condensers 34 and &4’ have indivicual resistors
32 and 32’ connected between them and the posi-
tive anode polarizing potential. An adjustable
resistor 57 is connected between the eathode and
control grid of tube 30’ for providing an adjust-
8- ment of average pulse delay.

In the operation of Fig. 7, the triode 58 is nor-
mally conductive and stores energy in inductance
5§, When a negative puilse fro - the oscillator 14
is applied to the circuit 5f and L.ence to the grid

70 of the t:iode, the tube §0 wiv :: ve its current cul
off and cause the application or a positive puise
to the control grid of the tetrodz 30’. The tetrode

.30’ is normally conductive > the absence of
pulses. The application of & positive puls: to the

75 control grid of the tetrode 30’ will cause grid recti-
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fication which will charge condenser 58 negatively
on the side adjacent the contro} grid of the tetrode
30°. The tube 30’ is thus lef{ in an anode current
cut-off condition. During this condition, the
condensers 34 and 34’ charge up, and both of these
condensers wiil discharge through the tube 30°
when the negative charge on condenser 58 leaks
off. The operation of vacuum tube 33, it will
thus be seen, is substantially similar to the opera-
tion of Fig. 4 previously described. For modula-
tion purposes, the input to the triode 58 through
circuit 52 and transformer §3 will vary the average
bias of the triode amplifier and in this msanner
vary the energy stored in inductance I and the
strength of the pulse 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
zrelative to the input pulse. It should be noted
that the energy stored in coil 54 is delivered to the
delayer tube 30’ at each pulse. The anode cur-
rent in the tube 58 should, of course, reach g sub-
stantially steady state value before each pulse.
.t desired, there may be provided a feed-back re-
generative circuit in the tetrode circuit or in a
later stage to sharpen the output pulse. -

The system of Fig. 8 shows a pulse meduletion
circuit which may be used in the systemn of Fig. 1
for modulating the length of the pulses., This
circult of Fig. 8, like that of Fig. 7, includes both
the pulse modulator w.nd the pulse delayer. In
addition, the system of Fig. 8 includes & pulse
peak limiter tube 62 which follows the pulse de-
layer and length modulator 38 in order t0 con-
vert variable amplitude pu'ses from the output
of the delayer tube to wvariable length pulses.
The pulsé delayer and length modulator herein
revresented by vacvium tube teivode 30, with its
associated elements, is substantially the same as
that shown in Fig. 7. It should be noted that in
Fic. 8 the pulse input circuit 5t is applied be-
tween the grid and cathode of pulse amplifier
tetrode vacuum tube €9. The sciecen grid and
cathode of tube 60 are connected together
through a by-pass condenser 64, in turn shunt-
ing a portion of a potentiometer circuit 65. The
modulation input circuit $2, however, is applied
in Fig. 8 to & 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-
tleted in an opposite sense for the purpose of
halancing the effect of the moduision upon the
time deiay. I am thus able to obtain pulses of
variable amplitude from the delayer tube 38°,
which after being Iimited In pulse peak limiter
tube 62 appear as pulses of variable length in
the output circuit 63. The pulse amplifier and
ilraiter tube 60 is normaslly conductive in the ab-
seace of a negative input pulse from the oscilia~
tor {4 applied to circuil 8. The application of &
negzative pulse to ta- cizcuit 54 serves to cut off
the anode current in tuh= §¢ momentarily, as a
result of which a positive pulse is Gellvered into
the delayer tube 308’ to produce grid rectification.
The elements appearing in Fig. 8 which corre-
spond in function to those in Fig. 7 have been
given the same reference numerals,

Fig. 9 shows in block form a multiplex receiv-
ing system for use in receiving the multiplicity
of short duration pulses of received energy sent
out by the multipiex transmitter of ¥ig. 1. The
receiver includes un antenng 10 which is indica-

tive of any <uilabi» :nergy collecting device which

may be directive, 3 aeter>dyne detector 71 which

10

8 . .
may, If desired, be preceded by a radlo frequency

amplifer, which is fed with energy from the
antenria 180 and also with cscillations from s
local heterodyne oscillator 72, and an interme-
diate frequency ampilifier 13 in the output of the
heterodyne detector 7f. The intermediate fre-
quency amplifier 13 has its output connected over
leads 74 to a pulse keyer 15, and ealiso over leads
16 to a multiplicity of other pulse keyers 11, 13,
78, etc. The pulse keyers 11, 18, 19, etc. are as-
soclated with different communication paths or
channels for receiving the different frains or

. groups of pulses, each of which has its own modu-

13
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lation. The pulse keyer 5, on the other hand,

forms part of a pulse synchronizing system syne

chronized mainly by the end of the received -

pulse. This syrichronization system includes not
only the pulse keyer 15 but also the pulse rectifier
and amplifier §1 and the pulse synchronized puls-
ing osciilator-amplifier 92, The output from the
pulse keyer 75 supplies its output over leads 80
to the pulse rectifier and amplifier 81, the latter
in turn feeding the rectified energy to a pulse
synchronized pulsing oscillator and amplifier 82
from which energy is reiurned over leads 83 to
the pulse keyer 15. This syrchronization system
which is described in mor: detail lgter in con-

nection with Fig. 10, operates in synchronism -~

with the first {rain of received pulses in response
to the received pulses,

The differznt channels or communicaticn paths
in which are found the pulse keyers 717, 1§ and
18 etc. are fed by pulse keying control currents
over individual pulse Zelayer circuits 87, 88, 89,
etc., the latter in turn being fed over leads 8§
from the output of the pulse synchronized puls-
Ing oscillator and amplifier 82. The pulse de-
layers 21, 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 ks pulse keyers 11,

18, 719 etc. are respectively passed on to pulse
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integrator and demodulator circuits 97, 88, 99
etc. for reprcducing the signal modulation,
These pulse integrators and demodulator cire
cuits are preferably blased to provide a-certain
threshold value below which no signal will be
passed on to the subsequent wutilization 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 pulse integrator and dee

"mcdulator circuits 97, 98 and 98, etc. are passed

on respectively to audio amplifier snd volume
control circuits 107, 1808 and §08, from which the
audio output is utilized in any suitable audio
translating device such as a headphone, loud-
speaker, recorder or printer. )

Briefly stated, the operation of the pulse type
multiplex receiver of Fig. € is as follows: The ex~
tremely short pulses sent out by the traznsmitter
of Fig. 1 and which occupy & small percentage of
the total time, are received on antenna 18 end
reduced in freqguency in hteterodyne detecior 11,
and amp;-de. by intermediate frequency ampli-
fier 13. The intermediate frequency signals from
amplifier 13 pass through the pulse keyer ampli-
fier tube 15 whose output is rectified by 84 and the
rectified pulse passed on to the synchronized
pulsing oscillator 92, which, in twrn, interrupts
tne pulse keyer 15 at the frequency of the first
series of received pulses. This first serfes of re-
ceived pulses, in accordance with the preferred
embodimsaé of the invention, is passed by the

FUSSUOENS |
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pulse delayer and keyer circult 20 of the tra.ns-
mitter of Fig. 1 and thus has no modulation.
‘The output prlses from the pulse synchronized
pulsing oscillator 82 passes through the pulse de-
layer circuits 81, 88 and 8% whose delays are ad-
justed to correspond to the time spacing of the
different series of incoming pulses, each series of
which represents ¢ different channel and hes its
own modulation. The signals themselves, how-
. ever, pass from the output of the intermediate
frequency amplifier 13 to the pulse keyers 77, 18,
18 etc., whose operativeness or responsiveness is
controlled by the pulse delayers 87, 88, 83, etc.
It will thus be seen that the different channels
in the receiver are rendered operative solely at
those times when the signals are due to arrive at
the different channels. Putting it in other words
and using the language I have previously adopted.
the different receiver channels are “shuttered” or
“gated” in synchronism with the incoming pulses

10

15

20

and the length of gate open periods for each

- channel are made only large enocugh to include
the desired puises when they sre medulated.
The signals passed on by the pulse keyers in the
different comm.. icaticn paths or channels are
then demodulat~d in the apparatus 97, 88, 88, etc.,
the audio output of which is then amplified in
audio amplifiers {87, 108, 189.

The synchronization system in the muitiplex -

receiver of Fig. ¢, which operates in synchronism
with and under control of the received pulses, is
illustrated in more detail in Fig. 10, whose ele-
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 pulses of
radio frequency energy from the intermediate
frequency amplifier 13 are applied between the
grid and cathode of the, pulse keyer 15 through
a transformer #16. The pulse keyer 75 is nor-
maliy biased to cut-off by virtue of a negative
potential applied to the grid over a path includ-
ing a resistor {21 and a secondary winding of
transformer (18. The output from the pulse
keyer is applied to apparatus 81 which includes
a rectifter and a direct current a.mphﬁer as
shown.

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-
‘enronized pulsing oscillator and amplifier 92 is
shown a3 a triode of the feed-back or regenera-
tive type. The grid includes an inductance coil
{11 which is coupled to the feed-hack coil {12 in
the znode circuit of the tube, both of these coils,
in turn, being coupled to aucther coil #13 which
passes positive pulses at the frequency of the
pulse oscillator to the grid of the pulse keyer 15
over lead (14 and resistance 1#5. The oscillator
82, in eflect, 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 fre-
quency by the incoming synchronizing pulse sig-
nals. Th: values of the resistors and condensers
either in the zrid or plate circuits, or both, of the
pulse oscillator 92 determine the frequency of the
oscillations of the puise oscillator 92 and these
values together with the constants of the trans-
“zzmar in the oscillator circuit determine the
leagth of pulses across resistence §21, which are
sreferahly equal to, or somewhat longer than the
transmitted pulses. The voltage across the anode
condenser {§6 and across the grid condense: {17

30
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rassed by cou ll3 is 8 short pulse wave. 0scllla- '

tor 92 operaies continuously whether or not in-
coming signais arrive at the receiver. It is miade
relatively highly stable in operation. This type
of pulsing oscillator, it will be recognized, is well
kaown in the television art. .It will be found de-
scribed in my Patent #1,868,181 and in Tulson
and Duncen Patent #2,101,520. In the opera-
tion of the synchronization system, the incoming
pulses applied to transformer ({8, which are at
an intermediate frequency, will be passed by pulse
keyer 15 to pass them on to the rectifier and ampli-

fier apparatus 91 only within time intervals cov- - ;

eved by the pulses from oscillator 92. - As the time
periods of signal pulses and pulses from oscillator
82 drift together until they overlap, signal pulse

energy passes througk keyer 15 and pulse energy - '

is delivered throuzh rectifier and amplifier 81 to
advance the pulses of oscillator 82. The more

the signal pulses overlap into the pulses from = . °

oscillator 92 the longer and stronger will be the
pulses and the average D. C. current from 81 into
oscillator 82 and the more osciliater 92 will be
speeded up to fend to reduce the overlap. By
this means, after suiteble adjustments, oscillator
92 is synchronized by the signal pulses.

In this arrangement the power of energy irom

9! to advance the phase and increase the fre-
quency of oscillator 82 may be adjusted for
optimum results. In adgdition, by employing dif-
ferent time constants in 81 it is possible to obtain
any desired rate of response of oscillator 82 to
shifts of phase between signal pulses and pulses
from 92. This time constant adjustment pro-
vides an equivalent control of averaging of the

. synchronizing effect of signal pulses, equivalent

40

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

for supplying synchronizing pulses to the pulse’

delayers of the multiplex receiver are also made

45
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across winding {13, each delayer being connected

through a resistance lke resistance 15 to mini- -~

mize reactions between delayers and the syn-
chronizing system.

Fig. 11 illustrates a single pulse receiver for S

receiving modulated pulses of high frequency en-
ergy transmitted from a remote pulse type trans-

mitter. This receiver includes an antenna which -

is connected to the system through a transmission
line 153, a detezior circuit 151 -vhich is shown as
a crystal detector although it may be any suit-

- able type of detect r, a pair f pulse umplifiers

65
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152, 4 keyer amplifler 153, anovher pulse ampli-
fier 154, a detecior 166, an audio amplifier 157,
and a pulse oscillator 158 which operates in syn-
chronism with the received pulses snd controls
the keyer smypiifler £53.

In the operction of Fiz. 11, 1ot us assume that
this receiver is desi;med %o receive ulirz high
frequency pulses hzving a pereentage dura:ion of
approximateiy 1 of the total time, repeated at a
rate of 20,600 per second, and modulated in am-
plitude by speech waves at the transmitter. This
20,000 per second pulse rate is illustrative of nay
suitable frcquency above th: highest modu auon
frequency. These ultra high frequency ulsas are
received in the antenna and passad on %o the crys-
tal detector 151 over transmission lin2 ¢50. The
detector 151 serves to provide In its output yulses

.of energy with the ultra high frequency cariier

removed, 1. e., direct curren! pulses, or pulses
more or less representative of the envelope of

radio frequency current pulses. Thaese pulses

- i3 & saw-tooth wave althovgh the voltage ptise 76 are then amplified in pulse amplifiers 152, 153 and

et e e e s e e
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1154 and démodulated in detector i58. The pulse

" - amplifiers 152, of course, have suficient over-all

gain to achieve the desired purpose, it being un-
derstood that, if necessary, additional amph_ﬁer
stages may be used. The amplifier of the recejver
is keyed synchronously by the keyer amplifier
153 and passes energy on to the pulse amplifier
{54 and the detector 156 only when pulses are
due to arrive. The keyer 153 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 oscillator (58 is a saw-tooth oscillator

"which operstes in synchronism with and is con-

trollied by the received pulses. This oscillator 158

* produces short pulses in the transformer 159

which discharge the condenser X and thereby
block the pulse kever amplifler 153, the latter in
turn being arranged to recover its operating po-
tentials, as condenser X charges up a2gain througn
its charging resistance, ir suficlent time for a
succeeding pulse to start. Putting it in other
words, it can be sald that the oscillator (58 “shut-
ters” or “gates” the amplifier 153. The pulse
amplifier 154 operates cn the threshold princi-
ple. . Grid rectification in this amplifier i54, due
to signal pulses, biases the grid potential to such
a value that weak currents such as may be pro-
duced by noise, do not produce any output from
the tube, -

The coupling of signal pulses to oscillator {58
for accomplishing synchronizing is obtained from
the screen grid current cf keyer tube 153, which
responds to the signal puises, and which reacts
upon oscillator {68.

Fig. 12 shows another type of recelver which
may be employed instead of the receiver of Fig. 11
for receiving anipltude modulated carrier wave
pulses. The receiver of Fig, 12 is an aliernative
to the receiver of Fig. 11 and 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 & horn type of antennsa for
recelving ultra high frequency pulses of extreme-
ly short duration radiated by the remote trans-
mitter. ‘The recelved impulses are passed from
the artenna through transmission Lne 150 to
the detector 15¢{ which will produce direct cur-
rent pulses. ‘The direct current pulse output from
the detector 151 is passed on to three switching
amplifiers 160 arranged in cascade, the output
of which is passed on to a pulse integrator de-

‘tector 16! which demodulatcs the pulses and

produces audis frequency current which is then
smplified in audio amplifier {62, The “gating”
or “shutteriug” of the receiver is effected by
means of the pulse control switcher tibe {85
and its associated elements. It should be notec
that the control grid of tube {65 is connected
to the output of the fast pulse switching ampli-
fler 160, while the ccreen grid circuits of the
three pulse switchinz amplifiers {80 are con-
nected over a ccmmor lead to the anode of the
tube i65. In the operation of the receiver of
Fig. 12, tube IS5, in the absence of received
pulses, is non-zonductive. However, arrival of
a signal pulse which passes through the receiver
will cause tube i65 to pass current thereby dis-
charging the condensers in its anode circuit, This
reduces the screen gril potentials of amplifiers
{€0 and makes them inoperative for = time period

: which is adjustatle by adjusting the valve cf
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resistance through which the condensers are _

charged. This time period is adjusted to corre-
srond to the time period between the received
signal pulses. Thus the receiver is blocked dur-
ing time periods between signal pulses. A pulse
received on the receiving system and passed by
the pulse switching amplifiers places a positive
potential on the control grid of tube {865, thus
rendering it momentarily conductive. The mo-
mentary conductivity of tube (€5 lowers the
screen potential on the three pulse switching
amplifier tukes 160, a&s a result of which the
receiver is rendered inoperative until a selected
time later when another pulse is due to be re-
celved. The arrangement of condensers 166 and
167 in circuit with the tube 165 prevents the
quick lowering of the screen potentiais on the
pulse switching amplifiers until almost the end
of the received pulse, thus allowing substantially
the entire pulse to be used in producing output
from the receiver. These condensers are, in ef-
fect, a time delay circuit. ¥Futting it in other

words, the keyer or switcher tube (65 serves fo ’

discharge the screen potentials of the pulse
switching amplifiers 160 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 conirol electrodes.
Therefore, pulses of the switcher {85 do not pass
energy on to the pulse integrator detector in
the absence of a signal pulse,

What is claimed is:

1. In a multiplex communication system, &
common pulse oscillator, a plurality of pulse
modulators respectively coupled to the output of
sald pulse osciilator, a signaling source for each
of said modulators for modulating a characteris-
tic of the pulses produced by said pulse oscillator,
individual delay circuits respectively coupled to
the outputs of said modulators and having such
constants that said delay circuits pass pulsces of
the same repetit! = rate but wbich occupy se-
quentially differe.:: time. pcoriods, the pulses
{from each delay ciicuait being short compared to
the time interval betwren then, the percentage
of time occupied by the pulsas from all of said
delay cireaits in each cycle of operations being &
small fraction of the total time of said cycle, a
radio frequency ivansmitter for sending szid
rulses, a v2:ver for receiving the  puises
sent out by sa.ld transmitter, and a plu-
rality of chinnels ut sald receiver correspond-
ing in number {0 the number of said pulse sig-
nelling sources, means at said receiver for ren-
dering said channel« sequenticliy opcrative to re-
celve the different signals from seid signalling
sources only at such r ue perinds whea the signal
pulses are due to arrirc, the time periods of op-
erativeness for the diZlercnt channels being dif-
ferent.

2. The comb’netion with a transmitter, of

; means coupled thereto for causing it to send ot

a plurality of pulse fransmissions each with its
own modidation, th: separate pulse transmissions
being such that they do not coincide in time and
all pulse transmissions in each cycle of opera-
tion occupy only a small percentage of the total
time of the cycle, said means including a common
pulse coscillator from which the separate pulse
transmissions are derived, s plurality of modu-
lators soupled to the output of said oscillator,
and

eley circuits coupled to the cutputs of sald
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modulators and having such constants as o pass
pulses therethrough at non-overlappirig in-
tervals, and a receiver having associated there-
with s plurality of utilization circuits, one for
esch of sald plurality of transmissions, and
sneans at said recciver for rendering said utiliza-
tion circuits operable in regular and synchro-
nized sequence so as to permit said receiver to
deliver a signal pulse to cach ultization circuit
solely at & time period which can be occupied
by the pulse to be utilized by the said receiver.
3. In s multiplex communication system, a
radio transmitter for generating ultra high fre-
quency carrier waves, a pulse oscillator, a pl}:-
rality of stations controlled by said pulse oscil-
lator, each of said stations including a modula-
tor, & signalling source coupled to said modula-
tor, and a delay circuit in the output of sald
modulator, the delay circuits in the different
stations providing different delays; a radio trans-
mitter, and means coupling the outputs of said
modulators to said radio transmitter for cuusing
said transmitter to radiate a number of non-
overlapping pulse transmissions each composed
of pulses of ultra high frequency waves of a dura-
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 higher
than the highest modulation frequency, the per-
centzge of time occupied by the pulses from all
of sald pulse transmissions in each cycle of"op-
erations being a very small fraction of the tots!?
time of said cycle, and a receiver having asso-
ciated therewith & plurality of communication
paths corresponding in number to the number
of said pulse transmissions, and means at said
receiver for conditioning said communication
 paths to be receptive al 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 pulse commmuaication system wherein
intelligence is r.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 he operative
solely at time periods which may be occupied by
the incoming pulses, said means including a puise
keyer vacuum tube normally biased to cut-off,
a circuit for supplying the input circuit of said
keyer tube with pulses representative of the re-
ceiver waves, and g feed back circuit between
the output and input circuits of said keyer tube,
sald feedback circuait comprising a rectifier, a
direct current amp’ifier for receiving the recti-
fied energy from said rectifier, and a pulse oscil-
lator controlled by said direct current ampilifier,
seid pulse 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. In & multiplex communication system, a
pulse oscillator, & plurality of pulse signalling
cource: ~ontrolled by said pulse oscillator, each
source including a pulse delay circuit, the pulse
delay circuits of said sources having different
time constants, whereby said sources transmit
pulses of the same repetition rate but which oc-
cupy different time periods, the pulses from each
source being short compared to the time interval
betwecn them, the percentage of time occupicd
by “be pulses from ail o1 said pulse signalling
sources in each cycle of operations being a very

N w0
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small fraction of the total time of each cycle,
& radio frequency transmitter for sending sald
pulses, a receiver for recciving the pulses sent

out by said transmitter, and a nlurality of chan- S

nels at said receiver corresponding in number
to the number of said ::lse signalling sources,
each of caid channels iuciuding a pulse keyer, a
pulse integrator and demodulator coupled ta the
output of said keyer, and an audio fregquency
amplifier coupled to the output of said integrator

and demodulator, ri:ans at said receiver for

rendering sz2id channels sequentially operative to
receive the different sigrals from said signalling
sources o'y «b such time periods when the signal
pulses are ¢n¢g {0 arrive, the time periods of op-

erativeness 7ur the cCifferent channels being dif- -

fereat. . . .
6. A multiplex receiver for receiving a piu-

- rality of pulse {ransmissions of high frequency

30

40

energy, comprising a lLieterodyne receiver for

beating the received pulses of high frequency en- .

ergy down to pulses of lower frequency energy,
a plurality of communication channels coupled
in common to the output of szid receiver, each
of ssid channels including a pulse keyer, a
vacuum ftube pulse integrator and demodulatcr
circuit, and an audio frecuency amplifier, a pulse
delayer coupled to the inmt of each pulse keyer,
the different puise delayei, heing adjusted to
have different tim> delays, and a pulse syn-
chronization system also ccupled to the output
of said hetercdyne receiver and responsive to the
received pulses to prcduce pulses of the same
repetition rate as the frequency of the received

" pulses, and a common connection from the in- -

puts of said pulse delayers to said synchroniza-

tion system, whereby said synchronization sys- -

tem conditions said channels to bs operative in
regular sequence and at different times register-
ing solely wit: the time periods when signals

_ are due to be roceived by the different channels.

45
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7. In a2 pulse communication system wherein - "
intelligence is conveyed by means of pulses of high . -
frequency enerzy and which pulses are short . ... ..:
compared to the time interval between them, a =7

receiver having an smplifier in the signal path,

a detector coupled to the output of said amplifier,:

a pulse oscillator, means for synchronously op-

erating said oseillator from the endings of the -

rcceived puises for automatically conditioning
said amplifier ts be receptive solely at time

periods which may be occupied by the incoming .-

pulses. : : -
8. In a pulse communication system wherein

55 intelligence is conveyed by ineans of pulses of

high frequency and which pulses 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 todirect current pulses, and amplifier in the signal

a5

path following said detector, and a pulse oscil-
lator, means for synchronously operating said
oscillator from the endings of the received pulses
for automatically conditioning said amplifier to
be receptive sclely at time periods which may be
occupied by the incoming pulses,

9. In a pulse communication system wherein
intellizenice is conveyed by means of amplitude
moduiated pulses of high frequency energy and

76 which pulses are shori compared to the time in-

terval between them, an antenna, a detector cou-
pled to said antenna for converting said pulses
of high frequency energy to direct current pulses,
& mult -stage amplifier in the signal path follow-

75 ing sad detector, & pulse Integrator de:zctor

vog Y [ S .
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following said muilti-stage amplifier, each stage
of said amplifer comprising a screen grid tube
having a polarizing potential applied to the screen
‘grid thereof, and a normally non-conductive
vacuum tube switcher having an input elec-
trode coupled to the output of said amplifier
and an ocutput 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 between
incoming pulses.
10. A multiplex receiver for recelving 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, & plu-
rality of communication channels coupled in
common to the cutput of said receiver, each of
said channels including a pulse keyer, a pulse in-
tegraior and demodulator, and an audio frequency
amplifier, a pulse delayer coupled to the input
of each pulse keyer, the different pulse delayers
being adjusted to have different time delays, and
a pulse synchronization system also coupled to the
output of said heterodyne receivgr and responsive
to tne received pulses to produce pulses of the
same repetition rate as the frequency of the re-
- celved pulses, and a common connection fTom the
inputs of said pulse delayers to saild synchro-
nization system whereby sald 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 received by the different channels,
said pulse synchronization system including a
pulse keyer vacuum tube normally blased to cut-
off, and a feedback circuit between the ocutput
and input of said last pulse keyer vacuum tube,
said feedback circuit comprising a rectifier, and
a pulse oscillator controlied by the rectified pulses.
11. In s wmultiplex communication system, &
pulse oscillator, a plurality of pulse signalling
sources confrolied by said puise oscillator and
transmitting puises of the same repetition rate but
which occupy different times periods, the pulses
from each source being short compared to the time
interval between them, the percentage of time
occupied by the pulses frem 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 recelving the pulses sent
out by said transmitter, and a plurality of chan-
nels at said receiver corresponding in number to
the number of said pulse siznalling 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 freguency amplifier
coupled to the output of said integrator and de-
modulator, méans at seld 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 means including a pulse keyer

vacuum tube normsally biased to cut-off, and a'

{vedobacy circuit bhetween 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. »
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 received pulses may pass, said am-
plifier comprising & screen grid vacuum tube
having a polarizing potential applied to the
screen grid thereof, and a normally non-con-
ductive vacuum tube switcher having an input
electrode coupled to the output of said amplifier
and an output electrode coupled to the screen
grid of said amplifier, sald 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.
. CLARENCE W. HANSELL.

REFERENCES CITED

The following references are of record in the
file of this patent:

. UNITED STATES PATENTS
Number

Name Date

717,767 Shoemaker ___....... Jan. 6, 1903

777,312 Shoemaker .oocca.. Dec. 13, 1904
1,673,983 MatheS ccoceeeee Feb. 23, 1926
1,956,397 NicolsOn w oo eee Apr. 24, 1934
1,979,463 GOSRAW e Nov. 6, 1934
2,048,081 RIZES cmemcceceeee July 21, 1936
2,059,601 Peterson et al. ._____ Nov. 3, 1936
2,061,734 Kell woeemeeeeee Nov. 24, 1936
2,113,214 TUCK e Apr. 5, 1938
2,213,941 Peterson —cocoeoo_. Sept. 3, 1940
2,241,078 Vreeland oo May 6, 1941
2,266,401 Reeves c oo Dec. 16, 1941
2,275,224 Benroteau oo _._ Mar, 3, 1942
2,313,808 Wenat oo Mar, 16, 1943
2,379,899 Hansell o oo oe o July 10, 1945

FOREIGN PATENTS
Nvmber Country Date
467,095 Great Britain ... June 7, 1937
521,139 Great Britain oeeee o May 13, 1940

|




