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Harold O. Peterson, Riverhead, N. Y., assignor to
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5 Claims.

This invention relates to a pulse comimunica-
tion system in which the phase or frequency of
the generated pulses is a function of an intel-
ligence signal.

It has been customary to modulate transmit-

ers by modulating the amplitude, phase, or fre-
quency of the radiated carrier. In the system of
the present invention the radiated carrier is bro-
‘ken up’into pulses of short duration and the fre-
quency or phase relationship of the pulses varied
in accordance with the signal to be transmitted.

There are certain advantages to be had from
pulse transmission at the ultrd high frequencies.
Omne of these advantages lies in the fact that it
is possible to use certain types of ultra high fre-
quency generators which require such a high volt~

age that it would not be possible to leave the

voltage on continuously without destruction of
the elements of the generator. It-has also been
found that by using the high voltage made pos-
sible in a pulsing system, the efficiency of the
generator may be greatly increased. A further

advantage in pulse transmission systems is that

the frequency stability of the radiated carrier
does not need to be maintained to the same close
limits necessary in a continuous wave system.,

A more detailed description of the invention
. follows, in which:

Figs. 1, 3 and 6 each 111ustrate graphically
three condltlons of the transmitted pulses which
are respectively obtained by the three different
pulse type transmitter embodiments of Figs. 2,
4 and 7 of the invention;

Figs. 2B, 5 and 8 illustrate three dlﬁerent re-
ceivers of the invention, for use respectwely with
the transmitters of Figs. 2, 4 and 7;

Fig. 2A illustrates in detail, by way of exam-
ple only, circuit arrangements which the pulse
generator T and the ultra high frequency gen-
erator 8 of the transmitter of Fig. 2 may take;

Figs. 2C, 2D, 2E, 2F and 2G graphically illus-
trate the operation of the system of Fig. 2A.

Figs. 9 and 10 respectively illustrate a trans-
mitter and a receiver for use in a multiplex pulse
modulation system, in accordance with the inven-
tion.

Figs. 1, 2 and 2B illustrate one form of a pulse
communication system. In this system the phase
of the transmitted pulse is modulated in accord-

. ance with the signal to be transmitted. This is
shown in Fig. 1. With no modulation, the pulses
are transmitted at a uniform rate (as shown
in line A of Fig. 1>. When modulation is applied,
the phase of the radiated pulse is varied back
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Fig. 1. This type of modulation may be gen-
erated in a system such as that shown in Fig. 2
and these signals may be received with a system

‘such as that shown in Fig. 2B.

Referring to Fig. 2, there is shown a system
for the transmission of a’ telephone signal in
which (, 2 and 3 represent a mlcrophone a bat-
tery, and a transformer, respectively. A .sinu-
soidal wave producing oscillator 5 generates a fre-
quency which controls the frequency of the pulses *
and which may, for example, be a frequency of
300 kilocycles. A phase modulator 4 to which
is passed the voice modulation from transformer
3 varies the phase of the 300 kilocycle carrier
generated by sinusoidal generator 5. Such a
phase modulator is well known in the art, and,
if desired, may be of the type shown in Crosby
United State~ Patent 2,081,577, granted May 25,
1937, or in Fig. 5 of Luck Patent 2,113,214, granted
April 5, 1938. The phase modulated output of
4 is conducted to a frequency multiplier 6; which .
in turn is connected to a pulse generating circuit
1, the latter in turn feeding direct current pulses
into the ultra high frequency generating system
8, whose output is carried through fransmission
line 9 to an antenna 10 which radiates the pulses.
Ultra high frequency.generator 8 may be a mag-
netron, Barkhausen oscillator or any other suit-
able device which is made to be operative sole-
ly at such times that the direct current pulses
are supplied thereto by pulse generator 1. The
connection from pulse generator 7T may extend
to the anode of the generator 8, for example.
The amount of phase modulation applied by mod-
ulator 4 is multiplied by the frequency multi-
plier 6. Thus, ii the order of frequency multi-
plication in 6 is great, the degree of phase modu-
lation will be greatly increased and by the ap-
plication of suitable correction circuits in the
audio system feeding phase modulator &, in a
manner well known to the art, the modulation
may be made equivalent to a frequency modula-
tion of the pulse rate.

Fig. 2 A illustrates, by way of example only, the
component parts of the pulse generator 1 and the
ultra high frequency oscillator 8 of the trans-
mitter of Fig. 2. Inasmuch as there are numer-
ous devices which will create the desired effects of
the pulse generator and ultra high frequency
oscillator, it should be-understood that these .are
set forth by way of example rather than limita-
tion. The apparatus of Fig, 2A corresponding to

‘units T and 8 of Fig. 2 have been similarly labeled

in the dotted boxes. The output :of “the. multi-

and forth, as illustrated in lines B and C of .55 plier 6 is passed through limiter .circuits toscon~ |
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vert it from & sinusoidal wave form (such as
shown at Fig. 2C) to a square wave form (such as
shown at Fig. 2D). Square-wave form current (as
shown at Fig. 2D) is passed through the primary
of transformer 100, which is of such design that
low frequency components are substantially ab-
sent in the wave form of the secondary voltage.
“The wave form-of the secondary voltage of trans-

former 100 is substantially that shown at Fig. 2E. '

It will be noted that the secondary voltage rep-
resented by Fig. 2E consists of alternate positive
and negative pulses of relatively short duration.
Plate current flows in tube 101, except when its
grid is biased negative past cut-off This current
through resistor 107 keeps the grids of fubes 102,
102 biased negative past cut-off. Consequently,

2,302,548

radiates a series of pulses timed in accordance
with the relationship shown in Fig. 3, line A In
the system as shown, there is one series of pulses
indicated as P, the frequency and phase of which
remains constant. There is a second series of

- pulses indicated as P’, the phase of which is mod-
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the high frequency carrier from 104 will be trans-

mitted to the sntenna only during the time when

no plate current flows in resistor 107. This con- -

dition occurs only for the duration of the negative’

pulses shown in Fig, 2E. Fig. 2F shows the nega-
tive voltage across resistor 107 appearing at Ei.
Fig. 2G shows the short pulses of carrier fre-
quency output transmitted to the antenna.

The phase or frequency modulated pulses are
received in the receiver shown ir Fig. 2B which is
conditioned to be continuously receptive. The
ultra high frequency signal is received .ocn. an-
tenna 11 and conducted by transmission line 12
to s selective system 13 which feeds a heter-
odyne converter 14 where it is combined with the
frequency from oscillator 15 to form an inter-
‘mediate frequency. Selective circuit {3 may be
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an amplifier or band pass fiiter which is selec- -

tive to the transmitted carrier frequency and
wide enough to pass the pulse frequency side-
bands. This intermediate frequency is amplified
by selective amplifier 16 and then rectified in
rectifier {1. The output of rectifier 17 is a series
of direct current pulses which is, in turn, trans-
mitted to an amplitude limiter system 18 in which
disturbances above and below predetermined
-levels may be excluded. Thus, the output of lim-
iter 18 will be in the form of direct current pulses
having substantially constant amplitude and
from which thete will be eliminated any re-
sponse to noise disturbances below a predeter-
mined value. The output of limiter 18 feeds a
selective circuit I8 which is responsive only to
the frequency of the transmitted pulses, plus and
minus such frequencies as will be necessary for
the transmission of modulation. Thus, if the
transmitted pulses occur at the rate of 300,000
per second, selective circuit 19 may be a band pass
filter on the order of 6 kilocycles wide with a mid
band frequency of 300 kilocycles and which will
transform the direct current pulses substantially
to a sinusoidal carrier. The output of selective
circuit 19 is transmitted through an amplitude
limiter 20 and a discriminator and detector 21.
The limiter 20 and the diseriminator and detector
2{ may be of the same type as those commonly
used in receivers built for phase modulation
‘and/or frequency modulation purposes. ‘Detector
21 may be of the type known as a discriminator
circuit which can employ a pair of off-tuned cir-
ctiits or a circuit of the kind described in Seeley
United States Patent 2,121,103, dated June 21,
1938, or it may be of the type shown in Figs. 5 and
8 of Crosby United States Patent 2,081,577. The
output of this detector system will be the orig-
ina] voice modulation.

Figs. 3, 4 and 5 represents g slightly different
form of communication by pulse modulation.

"When there is no modulation, the transmitter

ulated.. The normal phase and frequency of
pulses P and P’ remain constant for the condi-
tion of no modulation, which is illustrated in line
A of Fig. 3. Modulation causes the relative phase
between pulses P and P’ to vary, as indicated in
lines B and C of Fig. 3. In the example shown,
only the phase of pulse P’ is varied by the mod-
ulation. -It would obviously be possible to simul-
taneously modulate the phase of pulses P and P’
in opposite directions.

Fig. 4 illustrates a means for producing sig-
nals with this type of modulation. A microphone
is shown at 22, a-battery at 23, and a transformer
at 24.- A sinusoidal oscillator 26 generates a
ferequency which controls the frequency of the

pulses. The output of 26 is a constant frequency '

carrier which is causéd to control two pulse gen-
erators 27 and 28. The control for pulse gen-
erator 28 is transmitted through a phase modu-
lating circuit 25 so that the phase of the pulses

coming out from generator 28 is modulated with

respect to the phase of the pulses coming out
from generator 21. It should be understood that
phase modulator 25 includes a phase delay cir-
cuit such that the pulses from generator 28

are normally about 90° behind the pulses from -

outputs of pulse generator circuits 27 and 28 are
in the form of direct current pulses whicih oper-
ate to cause pulses of ultra high frequency carrier

- to be generated in 29, the output of which is con-

40

45

50

56

60

85

10

76

-by antennsa 3f.

ducted through transmission line 30 and radiated
Referring back fo Fig. 3, pulses
P are generated by apparatus 27 and pulses P’
are generated by apparatus 28 (Fig. 4).

Fig. 5 shows a receiver for receiving the out-
put of the transmitter of Fig. 4. The pulses
of ultra high frequency carrier are received on
antenna 32 connecting through transmission
line 33 to selective circuit 34, the output of which
is conducted to -converter 35 where it is com-
bined with the frequency from oscillator 37 to
produce an intermediate frequency which is
amplified by frequency selective amplifier 36
feeding rectifier 38. A voltage derived from rec-
tifier 38 is conducted -back to amplifier 36
through an automatic gain control -circuit
marked “AGC” which normally includes time
constant circuits, usually of the resistance-con-
denser kind. The output of rectifier 38 is in
the form of direct current pulses which are
passed through an amplitude limiter 39 which
operates in such a manner that noise below a
certain level is discarded and pulses of any value
above a predetermind level produce output pulses
of a constant level. Thus the direct current
pulses in the output of limiter 39 are of substan-
tially constant amplitude. These pulses are
passed through a pulse frequency band pass
selective circuit 40 which is responsive only to
the pulse frequency, plus and minus such fre-
quencies as are essential to the transmission of
the modulation. Thus, if the frequency gen-
erated by oscillator 26 of Fig, 4 is 300 kilocycles,
circuit 40 may be a band-pass filter with a band
width of about 6 kilocycles and a mid band fre-
quency of 300 kilocycles, and which will trans-
form the direct current pulses to substantially a
sinusoidal carrier. The output of selective cir-

“generator 21 when no modulation is applied. The *
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cuit 40 is amplitude modulated and feeds a recti- )

fler 41, in the output of which appears the
original telephone modulation.

Another form of the pulse modulation system
is shown in Figs. 6,7 and 8. In this system the
basic form of mod/ulation is illustrated in Fig. 6.
This is essentially the same form of modulation
as shown in Fig. 3, with the exception that a
‘greater degree of time phase variation is used.
Fig. 6, line A, illustrates the time relationhip of
the pulses for the condition of no modulation.
The time phase of pulse 2 is varied over a range
of plus and minus almost 180° with respect to
the time phase of pulse |f.

One way in which this may be accomplished is
illustrated in Fig. 7. A microphone is shown at
42, a battery at 43, and a transformer at 44. The
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output of oscillator 46 is conducted to phase

modulator 45 and frequency multiplier 47.
Phase modulator 45 also includes such time de-
lay circuits as will give the correct relationship
between the phase of pulses { and 2 for the con-
dition 'of no modulation. -Normally, circuit 45
will be capable of producing a degree of phase
modulation up to about plus and minus 45° in
the carrier frequency output of - oscillator 46.
This degree of modulation is increased to the de-
sired value of approximately a maximum of plus
and minus 180° by frequency multiplier 48. There
is the same degree of frequency multiplication in
frequency multiplier 47 so that equal carrier fre-
quencies come out of the frequency multipliers
47 and 48 during the condition of no modulation.
"The outputs of 41 and 48 control pulse generator
circuits 49 and 58 which produce short direct
current pulses at the phase and frequency de-
termined by the outputs of 47 and 48. These
short direct current pulses control the radia-
tion of ultra high frequency pulses through the

" ultra high frequency generator 51, transmission
line 52 and antenna 53. In effect, apparatus 47
produces the pulses | of Fig. 6, while appa-
ratus 48 produces the pulses 2 of Fig. 6.

The output of the transmiitter (Fig. 7) may
be received on receiving system (Fig. 8). The
transmitted short pulses of ultra high frequency

" carrier are received on antenna 54 and conducted

by transmission line 55 to selective circuit 56
which feeds converter 57.  In converier 57 the
ultra high frequency is combined with the fre-
quency generated by oscillator 58 to form an in-
termediate frequency which is conducted to
selective amplifier 59. The intermediate fre-
quency output of 59 feeds a rectifier 80, the out-
put of which is a series of short direct current
pulses. These pulses are passed through ampli-
tude limiter 61 which removes noise elements
.below a predetermined level and passes direct
current pulses of constant amplitude to a de-
tector circuit through condenser §2. The de-
tector in this case is a gas triode’ oscillator circuit
of the type known as a “counter” circuit. It is so
arranged that the number of cycles appearing
in the output is one-half of the number of cycles
impressed at the input. This type of “counter”
circuit is quite extensively used in connection
with Geiger counters for the study of cosmic ray
phenomena and its operation is well known to
the art. With such a circuit it will be found that
the audio modulation can be taken off, as shown,
in transformer 76. The transformer 16 will not
pass the pulse frequency but only the audio fre-
quencies.

Figs. 9'and 10 illustrate how the pulse modu-
lation system above described may be used in a
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multiplex system. Fig, 9 represents a multiplex
transmitter in which two different pulse fre-
quencies are used. These pulse frequencies are-.
generated by oscillators 81/ and 90. The modu-
lators and pulse generating circuits in any of
the transmitters above described are shown at 80,
82 and 89, 91, respectively. The two modulated
pulse frequencies operate to control pulses of
ultra high frequency carrier in generator sys-
tem 83, which are radiated by antenna 85.

Fig. 10 represents a multiplex receiving system
in which the short pulses of ultra high frequency
carrier are received on antenng 92 which is con-
nected to receiving system 93, which may be of
any of the types above describes up to the point
where the pulse frequency appears. THe recti-
fied pulse frequency energy is impressed on two
branches in which the desired channels are se-
lected by selective circuits 94 and 97, respec-
tively, followed by amplitude limiters 95 and 98
which, in turn  are followed respectively by de-

modulating and detecting circuits 96 and 99. . -

While only two channels are shown, it should
be understood that the system may be extended
to transmit a larger number of channels. It
should ‘also be understood that one or more of
the channels may in turn be multiplexed by either
frequency, phase or amplitude modulation. For
example, channel one instead of being a telephone
channel may consist of a number of tone chan-
nels each of which is either amplitude modulat-
ed, phase modulated, or frequency modulated

What is claimed is:

1. In a pulse modulation radlo communica-
tion system wherein the radiated carrier is
broken up into equal length pulses of short du-
ration and the relationship of the pulses varied
in accordance with the signal to be transmitted,
a receiver for said radiated pulses comprising an
antenna, a selective circuit coupled to said an-
tenna and selective to the transmitted carrier

frequency, said selective circuit having a. pass

band sufficiently wide to pass the pulse frequency
sidebands, a heterodyne converter coupled to the
output of said selective circuit, a beating oscil- -

- lator coupled to the input of said converter,
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whereby an intermediate frequency is produced
by said converter, a selective amplifier for am-
plifying the intermediate frequency output of
said converter, a rectifier coupled to said ampli-
fier, an amplitude limiter coupled to the output
of said rectifier for excluding disturbances out-
side a desired level and for producing substan-
tially constant amplitude pulses, a selective wave
shaping circuit coupled to the output of said
limiter and responsive only to the frequency of
the transmitted pulses plus and minus such fre-
quencies as are necessary for the transmission
of the modulation, said selective wave shaping
circuit being constructed and arranged to trans-
form the pulses passed thereto to substantially
a sinusoidal carrier, and means for transforming
the output of said last selective circuit to repro-
duce the original modulation at the transmitter.

2., In a pulse modulation radio communica-
tion system wherein the radiated carrier is bro-
ken up into equal length pulses of short dura-
tion and the relationship of the pulses varied in
accordance -with the signal to be transmitted,
a receiver for said radiated pulses comprising an
antenna, a selective circuit coupled to said an-
tenna and selective to the transmitted carrier
frequency, sald selective circuit having a pass
band sufficiently wide to pass the pulse frequency
sldebands, a heterodyne converter coupled to the
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output of said selective circuit, a beating oscil-
lator coupled to the input of said converter,
whereby an intermediate frequency is produced
by said converter, a selective amplifier for am-~
plifying the intermediate frequency output of
said converter, a rectifier coupled to said ampli-
fier, an amphtude Iimiter coupled to the output
-of said rectifier for excluding disturbances out-
side a desired level and for producing substan-
tially constant amplitude pulses, a selective wave
shaping circuit coupled to the output of said lim-
iter and responsive only to the frequency of the
transmitted pulses plus and minus such fre-
quencies as are nécessary for the transmission
of the modulation, said’ selective wave shaping
circuit being constructed and arranged to trans-
form the pulses passed thereto to a substantially
‘sinusoidal carrier, an. amplitude limiter coupled
to the output of said selective circuit, and a dis-
criminator circuit coupled to the output of said
last limiter for producing in its output a repro-

duction of the original modulation at the trans-

mitter. -

3. In a pulse modu]atlon radio communication
system wherein the radiated carrier is broken up
into equal length pulses of short duration and
the relationship of the pulses varied in accord-
ance with the signal to be transmitted, a receiver
for said radiated pulses comprising an antenna,
‘a selective circuit coupled to said antenna and
selective to the ftransmitted carrier frequency,
said selective circuit having a pass band suffi-
ciently wide to pass the pulse frequency side-
bands, a heterodyne converter coupled to the
output of said selective circuit, a beating oscil-
lator coupled to the input of said converter,
whereby an intermediate frequency is produced
by said converter, a selective amplifier for am-
plifying the intermediate frequency output of
said converter, a rectifier-coupled to said ampli-
fier for producing a series of direct current pulses,
an automatic gain control circuit including suit-
able time-constant circuits for deriving g voltage
from said rectifier and for feeding back said volt-

age to said selective intermediate frequency am-

plifier, an amplitude limiter coupled to the out-
put of said rectifier for excluding disturbances
outside a desired level and for producing substan-
tially constant amplitude direct current pulses,
a selective wave shaping circuit coupled to the
output of said limiter and responsive only to the
frequency of the transmitted pulses plus and
minus such frequencies as are necessary for the
transmission of the modulation, said selective
wave shaping circuit being constructed and ar-
ranged to transform the direct current pulses
passed thereto to substantially a sinusoidal car-
rier, and means for transforming the output of
said last selective circuit to reproduce the origi-
nal modulation at the transmitter.

4. In a pulse modulation radio communication
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system wherein the radiated carrler is broken
up into equal length pulses of short duration and
the relationship of the pulses varied in accord-
ance with the signal to be transmitted, a receiver
for said radiated pulses comprising an antenna,
a selective circuit coupled to said antenna and
selective to the transmitted carrier frequency,
said selective circuit having a pass band suffi-
ciently wide to pass the pulse frequency side-
bands, & heterodyne converter coupled to the
output of said selective circuit, a beating oscil-
lator coupled to the input of said converter,
whereby an intermediate frequency is produced
by said.converter, a selective amplifier for am-
plifying the intermediate frequency output of
said converter, a rectifier immediately following
and coupled to the output of said amplifier for
producing a series of direct current pulses, an
amplitude limiter coupled to the output of said
rectifier for excluding disturbances outside a de-
sired level and for producing substantially con-
stant amplitude  direct current pulses, a pulse
frequency selective circuit coupled to the output
of said limiter, and means coupled to the output -
of said pulse frequency selective circuit for re-
producing the audio modulation of the trans-
mitted signal.

5. In a pulse modulation radio communication
system wherein the radiated carrier is broken up
into two series of time spaced equal length pulses,
one series of which is of constant frequency and
phase, and the other series of which is of con-
stant average frequency but whose phase varies
in gccordance with the signal modulation, a re-
ceiver therefor comprising an antenna, a selec-
tive circuit coupled to said antenng and selective
to the transmitted carrier frequency, said selec-
tive circuit having a pass band sufficiently wide -
to pass the pulse frequency sidebands, a hetero-

40 dyne converter coupled to the output of said
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selective circuit, a beating oscillator coupled to
the input of said converter, whereby an inter-
mediate frequency is produced by said converter,
a selective amplifier for amplifying the interme-
diate frequency output of said converter, a rec-
tifier coupled to said amplifier, an amplitude
limiter coupled to the output of said rectifier for
excluding disturbances outside a desired level
and for producing substantially constant ampli-
tude pulses, a selective wave shaping circuit cou~
pled to the output of said limiter and responsive
only to the frequency of the transmitted pulses
plus and minus such frequencies as are necessary
for the transmission of the modulation, said se-
lective wave shaping circuit being constructed
and arranged to transform the pulses passed
thereto to substantially a sinusoidal carrier, and
means for transforming the output of said last
selective circuit to reproduce the original modu-
lation at the transmitter.
HAROLD O. PETERSON.



