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1

This invention- relates: to communication: sys-

tems and more particularly to detecting means

for such systems.

It has been proposed: to transmit . intelligence
in- the form of a train-of pulses spaced apart or
coded according: to a function of time as well as
4 function of the amplitude of a modulating volt-
age representing the intelligence to- be trans-
mitted. One object of this invention is to pro-
vide in such a system an jmproved method of and’
means for translating or reereating g close- fac-
simile of ‘the originalintelligence.

‘While- our- invention- is particularly useful in
pulse . communication: systems it is not limited
thereto and. the principles of the detecting sys-
tem described hereinafter- are also. applicable
to- cther forms of communication including:am-
plitude -modulation radio transmission systems.
Tt is, therefore, another object of our invention to
provide. new- and improved detecting:means for
communication systems generally.

The foregoing objects are achieved by providing:
a receiving system including an envelope detec-

tor: This. detector may comprise two. electron.

discharge devices, each including - an -anode, a.
cathode, and.a control electrode or grid. The dis-
charge- devices. are: inversely connected; i. e., the
anode of.one is connected to:the cathode of the:
other and the cathode of the one is:connected-to
the anode:of the.other: A capacitor is connected

between each of these anode-cathode connections:

and ground. A voltage: representing a desired
characteristic of the received signal is applied
across.one. of the capacitors. One or the other

of the. discharge.devices is rendered -conductive at:

predetermined: times which causes the instanta-
neous charge on the capacitor receiving the signal
to be. transferred to the other capacitor. The
voltage appearing across the other capacitor is
applied to & suitable audio system for reproduc-
tion. .

Further - objects. and- advantages: will become
apparent: as. the following -description proceeds.
For a better understanding of our invention, ref-

erence-is- made- to.the -following description. and:

to the accompanying drawings in which:

- Pig. 1+is-a:schematic diagram illustrating the

application of our invention to a pulse communi=

cation system, ’
Fig. 2 is.a -chart useful in explaining:the oper=-

ation of the system shown in Fig. 1,

 Pig. 3 is-a second -application of our invention

to. o pulse. communication system: embodying:

push-pull principles,.

in the original patent but forms no part of this-

2

. Pigs. 4 and 5 are charts-illustrating the opera-
tion of the cireuit shown in Fig. 3;
Fig. 6 is & schematic diagram illustrating the

. application of our invention to an amplitude-
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mecdulated system, and:

Figs. 7 and 8 are charts illustrating the opera-
tion of the circuit-shown in Fig. 6.

Referring to Fig. 1, there js illustrated a re-
ceiving system adapted to receive-space or posi-=
tion-modulated: pulses such as would be trans-
‘mitted: in the system shown, described and
claimed in the co-pending applications of Haroid
Goldberg, Serial No. 646,614, now abandoned,

. filed February 9; 1946, and Serial No. 646,615, filed’

February 9, 1946, now Patent No. 2,466,230, issued
April ‘5, 1949, and assigned: to- the same assignes
as the present invention. The recelving system
of our invention includes a suitable antenna i,
combined local oscillator and mixer unit repre-
sented by block 2, and an I. F. amplifier and sec~
ond detector indicated by the -block 3.  If desired,
the signals may then be: limited or clipped so that
all sigrials at this-stage of reproduction are posi-
five pulses of constant’ amplitude. Means for ac—
complishing this purpose is' not shown but is well
known in the art.

There is provided means. indicated by numeral
4 for deriving:a delayed pulse from each received:
pulse: for - causing operation of a decoder 5 which
in ‘turn provides voltage for.causing operation of
the-envelope detector 6 at predetermined times.

The.delay circuit: 4 utilizes-a blocking oscillator
and makes-use of the fact that the output of a
blocking:oseillator may not be unidirectional, but
may have: considerable overshoot, i. e., during a
part: of> a: complete oscillation, the voltage re-
verses: The-overshoot, of course; is delayed with
respect to-the:main peak-of the pulse by a definite

. time:interval.

40

Tii order to amplify-and sharpen the received
pulses, there is provided the blocking oscillator il-
lustrated in: Fig. 1 comprising an electron dis+
charge device T, transformer 10 and R-C network

© Br(of zR-Ctproduct'much-grea.ter than the time.

45

50

spacing between received: pulses) including a re-
sistance and a:capacitanee connected in shunt
relationship betweenr the cathode 9 of the dis-
charge device-T and ‘ground. The-upper end of
thie R=C network is connected' to:a suitable source
of higs:potential of such value as normally to pre-
vent: operation: of:the oscillator in the absence of
veceived: pulses. Positive pulses from the second:
detector, or clipper stage, if used, are supplied to
the control electrode{ 2:ofdevice:T through wind=-
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ing 14 of the transformer 10 and trigger the oscil-
lator or generator circuit to cause a voltage to
appear across the R-C network. Since the re-
ceived pulses are differently spaced, a train of

pulses will be produced having equal maximum.

-5

amplitudes spaced similarly to the received:

pulses.

The transformer 10 ig provided with two addi-
tional windings {5 and (6. The connections to
these windings are made in Ssuch a manner that
outbut voltages are reversed in sense, the sense
of the voltage appearing across winding {5 be-
ing reversed or inverted with respect to that
across the winding 13 and that appearing across
winding 16. The output from winding (5 is ap-
plied to the
tooth wave generator including an electron dis-
charge device {7 which may be a triode having an
anode 18 connected to g suifable source of posi-
tive potential, a control electrode 19 connected to
one terminal of winding:15 of transformer 10, and
a cathode 20. An R-C network comprising re-
sistor 21 and electric storage means such ag con-
denser 22 connected in parallel therewith is in-
serted between cathode 20 and ground. The R-C
constant must be equal to the R-C' constant of
the coder in the transmitter as explained in the
above-identified co-pending applications. The
other terminal of transformer winding (5 is
grounded. Inasmuch as inverted pulses are ap-
plied to grid 19, the overshoot - portions of the

bulses developed in the delay circuit trigger the

discharge device 17 to charge condenser 22 to a
maximum amplitude. Between operations of de-
vice 1T, the voltage across condenser 22 de-
creases to minima which lie on a curve (repre-
sented by the dashed line 37 in Fig. 2) represent-
ing the original intelligence. As is fully explained
in the above-mentioned copending applications,
the decoder is caused to re-charge the condenser
each time the voltage across
cays to the point represented by the junction of
the dashed line 37 and the voltage line 23 (Fig. 2).

In order to separate the envelope from the saw-
tooth wave i. e. to detect the minima of the pulses
in the decoder .output, the demodulator or en-
velope detector 6 is provided.  The envelope
detector in this form of our invention com-
prises two electron discharge devices 25 and 26
which may be of the triode type including anodes
27 and 28 respectively, control electrodes 29 and
30 respectively, and cathodes 31 .and 32 respec-
tively. Anode 27 is connected to cathode 32,
cathode 31 is connected to anode 28, and the con-
trol electrodes are connected together. The out-
pbut of the decoder is impressed on the connection
between anode 28 and cathode 3i. Uninverted or
undelayed pulses substantially corresponding in
time to the original pulses are applied to the con-
trol electrodes 28 and 30 by means of a connec-
tion between the control electrodes and one ter-
minal of the winding 16 of transformer {0, the
other terminal of the winding 16 being grounded.
Electric storage means such as a capacitor 33
is connected between ground and the connection
Joining anode 27 to cathode 32.

The recurring voltage generated in the decoder
and appearing across the capacitor 22 is im-
bressed on the anode 28 and cathode 31.

As briefly described above the voltage across
capacitor 22 decays exponentially until the oscil-
lator or generator is again triggered and the next
charging voltage is generated. The spacing be-
tween the charging periods  is dependent upon
the amplitude of the original signal. Thus, as

decoder 5 which comprises a saw-

the R-C network de- |,
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- 26 is cut off. In the

40

45

50

55

... output from the condenser
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.. Sistor 41.
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_nite time interval

" Voltage across capacitor 33 is

“charge across condenser

the amplitude of the signal voltage increases the
generator triggers more rapidly and the decay
portion of the ecycle is halted earlier and vice
versa. Obviously, the overshoot of the pulses uti-
lized to trigger the decoder takes place at a defi-
preceding the next succeeding
bulse, Therefore, by operating the decoder by
means of the delayed or overshoot pulse the en-
velope detector is rendered operative prior to the
receipt of the undelayed pulse by a time equal
to the above-mentioned interval. The capacitor
338 is at that time connected across the capacitor
22 through the conducting path of one of the dis-
charge devices so that -capacitor 33 is charged
to the same voltage as that across capacitor 22 at
that instant. The capacitance of capacitor 33
is made substantially less than that of capacitor
22 so that the voltage of capacitor 22 is substan-
tially unaffected by the transfer of charge from
capacitor 22 to capacitor 23.

A double set of discharge devices or tube ele-
ments is necessary, whether in a single envelope
or in the form of g pair of tubes 25 and 26 as
shown, because the voltage across capacitor 33
at any given time may be greater or less than
that across eapacitor 22 depending upon the di-
rection of change of the voltage across capacitor
22. If the voltage across capacitor 33 is greater
than that across capacitor 22, electron discharge
device 25 is rendereq conductive whereas, if the
less than that of
capacitor 22, electron discharge device 26 is ren-
dered conductive. The discharge devices are so
biased that when the pulse subsides conduction
through discharge device 25 or discharge device
embodiment of our invention
illustrated in Fig. 1 the necessary -negative bias
is supplied through a resistor 34 connected be-
tween the control electrodes and a suitable source
of negative potential. However, the potentia] at

- the upper end of resistor 21 and condenser 22 is

hever negative so that in effect the control elec-
trodes 29 and 30 derive a negative bias from the
R-C network of the decoder 5. The resistance 34
may be used whenever the bias obtained from the

- decoder is insufficient, .

In order to prevent transients, there may be
provided a resistor 35 in the connection between
the transformer winding {6 and the control elec--
trodes 29 and 30. .

In order to prevent substantial decrease in
33 during the intervals
between samplings of the -voltage across con-
denser 22 or, in other words, when neither of
the discharge devices 25 and 26 is conducting, the
33 is connected to the
audio system (not shown) through a high im-
pedance device whereby discharge between pulses
is prevented. In Fig. 1, the high impedance de-
vice takes the form of a cathode follower, includ-
ing an-electron, discharge device 28 which may be
a triode. The upper end of condenser 33 is con-
nected to the control electrode 39 of the discharge
device 38. The cathode 40 of the discharge de-
vice is connected to ground through a suitable re-
Since the input impedance of the
cathode follower is very high because of the gb-
sence of grid leak, there will be no appreciabple
discharge from capacitor 33 between pulses.

Referring to Fig. 2, the full line 36 represents
the voltage appearing across capacitor 33 and,
of course, is also representative of the voltage ap-
pearing across resistance 41. This voltage may
‘be -filtered and fed to a. suitable audio system
for reproduction into Sound. . - - :




5
- in Pig. 3 there i illustrated a modification of
our invention utilizing piish-pull detection for
usé with a push-pull piilse transmission Sy 1
such as that disclosed in ¢o-pending application
Serial No. 646,615 referred to above. Theé trans-
mitted signals are intércepted on 4 suitable an-
tenna 42 connected to a suitable local osciliator
and miixer stage -43 provided to transiate the
.glgnal into a suitable intermediate freqiiency.
The intermediate frequency signals are amplified
and detected in the intermediate frequency am-
plifiey and second: detector represented by the
block 44. The positive pul§eés- derived fiom the
second. detector are supplied through the winding

45 of the traiisformer 46 to thie envelope detéctor

47 which serves as a push-pull démodulator and
functions to detect the envélopes-of the alterriate
minima, and to combine thé resultirig' push-pull
output through the agenicy of & delay’ circuit’ 48
and decoder 48, . o
" Delay circuit 48 comprises a triggered blocking
oscillator including an electron discharge device
50, illustrated as of the triode type having a
cathode 51, a control electrode 52 and an anode
53. The blocking oscillator not only’ serves as
a source of pulses for a timing wave but glso.as
a pulse amplifier, sharpener, and clipper. The
R-C network 54 connected in the cathode lead
provides a bias voltage for the coritrol eléctrode
or grid 52 which normally keeps the oscillator
circuit’ from oscillating. A positive pulse from
the second detector triggers the oscillator eircuit
and causes it to generate a single blocking oscil-
lator pulse. The oscillator pulses are of con-
stant amplitude and becausé of their form it is
possible also to obtain a delayed pulse as de-
seribed above by reversing the sensé of the out:
put pulse from the transformer and utilizing the
overshoot as a trigger pulse, the delayed pulse
or overshoot thus providing a means for obtain-
ing a delayed pulse without the use of delay net=
works. The delayed pulse appearing on  thé
anode 53 of the electron discharge device 50 is
transferred to the decoder 49 by means of pri=
mary winding 55 and secondary winding 5§ of
transformer 51. ‘The decoder 48 comprises’ d
saw tooth gemerator including an electron dis-
charge device 58 having an anode 59 connected
to & suitable source of positive poténtial, a con-
trol electrode 60 connected to the secondary
winding 56 of transformer 57, and a cathode 6t
connected to ground through an R-C network
consisting of resistance 62 and capacitor 83 coh-=
nected in shunt relationship. The delayed pulse
is' thus applied to control electrode 60 to cause
the generation of a voltage each time a pulse’is
received. A positive pulse applied to the control
electrode of the decoder causes the eondenser 63
to charge to a fixed value. The subsidence of
the positive pulse results in the cut-off of the dis-
charge device 58 so that the condenser 63 dis-
charges exponentially through resistor 62 as in-
dicated graphically in Fig. 4 wherein numeral
64 represents the recurring voltage peaks. B
There is provided a scale-of~two counter- 65

comprising tricdes 66 and 61 which function

after the manner of an Eccles-Jordan citciiit to

10

20

he: push=pull envelope detéctor 41 may cori~
prlse: fous electron discharge devices 13, 14, 15,
snd 18, Cathiode 17 and anode 18 of discharge
es 13 and T4, respectively, and anode 19 and
cathode ‘80 of discharge devices 15 and 18, re-
§pectively, aré connectéd together and to the
upper eiid of capacitor 63 of décoder 49. Anode
81 and cathode 82 of electron discharge devices
13- ahd 714, réspectively, are connected to the
upper side 6f capacitor 83 as viéwed in Fig. 3.
Cathode 84 and anode 85 of discharge devices 15
and 16 respectively, are connected to the lower
side of a capacitor 86. The lower side of capaci-
tor 83 and the upper side of condenser 8% are
connected together and to ground. The com-
bined voltages appearing in transformer winding
70 aré applied to the eontrol electrodes 87T and 83
of electron discharge devices 713 and 14, respec-
tively, and the -combined voltage appearing
across winding T1 is applied to control electrodes
89 snd 90 of discharge devices 15 and 18, respec-
tively. In this' manner the two envelope de-
tectors Wwill be activated alternately and each by

. itself ‘determines the alternaté minima of the

25

30

35

40

60

N3

produce two rectangular wave outputs which are

capacitively coupled to diodes 68 and 69 respec-
tively. The diodes act as direct current re=
storers. The output of restorer 68 is added to
the pulse in secondary winding 70 of transformer
57 and the output of diode 89 is added to- the
received pulse in secondary winding 71 of trans-
former- 46, ' :

70

75

deeodér, and the outputs of the two detéctors
aré; therefore, push-pull variations of the origi-
nal modulation. . : :
“The two- detectors are respectively coupled by
the cohdensers 83 and 86 to cathoede followers in-
cluding the electron discharge devices 91 and. 982,
Thé transforpier winding 93 in the cathode cir-
euiits of the followers combine the push-pull out-
puts through & sécondary winding 84 to a suitable
oltput circuit: for reproduction.
" Fig. 4 depicts the action taking place in the
sircuit of Fig. 3. As stated above the voltage
apPearing acfoss the condenser 83 is represented
by the numeral 84 in Fig. 4. The dashed line 85
represents the charge on one of the condensers
as; foF -example, condenser 83'and the dashed line
96 repregents the voltage on the other condenser
86 The resultant of combined voltage is shown
by-the stepped line 97 of Fig. 5. In each of Figs.
4 and 5 the envelope of the minima which is the
signal to- be reproduced is represented by the
nimeral 98: :
__Our invention is: not limited to pulse systems.
For examplé; it is also applicable to amplitude
modulation; particularly in: cases where the en-
velope frequency is not much lower than the
¢arrier frequency. Pig. 6 illustrates an applica-
tion of the principles of our invention to ampli-
fude modulation. 'There is shown a suitable
atiterina {00 for receiving the signals transmitted
fiom g suitable amplitude modulation transmit-
ter: A suitablé local oscillator and mixer stage
is'indicated by the numeral 181 and the numeral
{02 is used to-indicate the insertion-of a suitable
I B amplifier and second detector. The outpub
of the second detector is fed to a cathode follower
éiveuit including an electron discharge device 103
fiicluding an- anode- {04 connected to a suitable
seurce of positive potential; a control electrode
i85 connected to the output of the second de-
tector and a- cathode 106 connected to ground
through: a- resistor 107. A capacitor 108 is con-
nected: ift shunt with’ the resistor 187, The time
constant of capacitor 108 and resistor 107 should
pe- sHort so-that the condenser discharges before
it is- re~charged by operation of discharge device
103. The voltage appearing across the capacitor
108 is applied to one of the inversely connected
election discharge devices 109 and 110 respec-
tively in- similay manner to that jllustrated: in
Fig. 1. Condenser I1f is connected between.




28;288

ground and the other anode-cathode connection
as well as to a cathode follower output device
112, Tt will be noted that the voltage represent-
ing the signal rather than the delayed voltage
is applied to the first mentioned anode-cathode
connection. In the system shown in Pig. 6-it is
not desired to compare the voltage changes prior
to the reenergization of the discharge device. 103
as ‘was the case in the pulse receiving system,
but it is desired to sample the voltage across
capacitor 108 at the peaks of the modulated. car-
rier waves. In order to render conductive -one
or the other of the discharge devices 109 and
110 the output of the second detector is fed
through means 113 for clipping the signal, means
t14 for squaring the clipped signals and differ-
entiating means 15 comprising a capacitor I16
and a resistance 17 to provide trigger pulses. for
a delay multi-vibrator 1{8. The operation of the
system shown in Fig, 6 is llustrated. in Fig. 7
wherein at A there are illustrated a few cycles of
the modulated carrier, at B the. squared waves
appearing in the output of means 114, and at ¢

10

15

20

" ang: transformer i 36.

the peaked pulses derived from the differenti-

ating -means {15 which are applied as trigger
pulses to the multi-vibrator [i8.. The mulsi-
vibrator comprises discharge devices 119 and 120,
the circuit connections being such that device
119 is normally non-conductive and device (20
normally conductive. The trigger pulses applied
to the control electrode 121.0f electron discharge
device 119 render that device conductive and
discharge device 120 non-conductive to establish
positive pulses at the anode of device 20. These
pulses are impressed on a blocking oscillator com-
prising an electron discharge device I8 which
may be a triode having an anode i32, control
electrode (33 and cathode 134. An R-C net-
work of suitable R-C product is connected be-
tween the cathode and ground and comprises re-
sistance 138 and capacitor 139. The Dulses are
impressed on anode 132 through a suitable cou=
pling capacitor 14| and also to one end of wind-
ing 135 of transformer [36, the other end of

winding 135 being connected to a suitable source

of positive potential Winding 137 of . trans-
former 136 is connected from ground to control
electrode 133 through a suitable grid leak-grid
condenser combination. The cathode 134 is also
connected through resistance 140 1o’ g suitable
source of positive potential, thereby establishing
bias for discharge device 131. Capacitor: 141 and
winding 135 serve to differentiate the pulses, the
negative going peak of the differentiated . pulses
appearing as positive voltage pulses in winding
137, causing conduction in device .i31.. . The dip
in anode voltage is transformed into a . positive
pulse in winding 142 of transformer 136. . ..
These pulses are applied to the contrel elec-
trode 121 and 122 of the electron discharge de-
vices 109 and (10 respectively of the envelope
detector. Whenever either of the discharge, de-
vices 109 and 110 becomes conductive, capacitor
(11 assumes the voltage appearing across 108 ca-
Pacitor at that instant. As seen in Fig. 8, if the
envelope detector operates at the .peaks of, the
carrier current wave, the voltage across capacitor
111 is stepped as indicated by the numeral (23
in Fig. 8. In Fig. 8 the carrier voltage is. repre-
sented by the numeral (24 and the envelope by
the numeral 125. - S e
To enable adjustment of the circuit to cauge
sampling and equalization of capacitor Voltages
at the carrier peaks there is provided means-for

adjusting the bias on the control electrode of the 7;

25

30
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electron discharge device 120 in the forth of 4
suitable . potentiometer or resistance (26 con-
nected between the control electrede 127 of dis=
charge  device 120 and. 3 suitable source of posi=
tive potential. ‘The setting of control 126 is net
particularly critical inasmuch as the relatively
gradual change -in voltage over g relatively long
period. of time: at the peak of the carrier wave
will give substantially the same results as can be
seen by reference to Fig. 7, D. While conditions
are exaggerated for purposes of illustration, it
will be seen that if the pulses derived from the
multi-vibrator .occur at any time between. the
dotted . positions indicated by the numeral 130
the voltage across capacitor 111 will be different
only to a minor degree from that which would
result- if the envelope detector operated at ex-
actly the maximum of the carrier wave.

:2'The-circuit of Fig. 6 may be simplified by omit-
ting the last mentioned blocking oscillator 131
S Instead, the negative
bulses appearing at the anode of discharge: de-
vice- 119 can be differentiated and the positive
going. part of the differentiated pulse employed

1o trigger the envelope detector.

While.we have shown and described particular
embodiments of our invention it will be obvious
to. those skilled in the art that changes and mod-
ifications may be made without departing from
our invention in its broader aspects and we; there-
fore, aim in the appended claims to cover all such
changes and modifications as fall within the true
spirit and.scope of our invention. ) .

What we claim as new and desire to secure by
Letters Patent of the United States is:

. 1. In a communication system -having trans-
mitting . means and receiving means, the receiv-
ing means including means for detecting intel-
ligence to be reproduced including a pair of elec~
tron-discharge devices, each of said devices hav-
ixi}g@an:anode, a cathode, and a control electrode,
means for inversely connecting said anodes and
cathodes and means for connecting said control
electrodes, one of said anode-cathode connec-
tions. constituting a first input terminal and said
contrel electrode connection constituting a sec-
ond input. terminal -to said detecting means, a
first electric. storage means connécted between
said first input terminal and ground, a second
electric storage means connected between the
other. ancde-cathode . connection and ' ground,
means for impressing a voltage representing the
received signal on said first input terminal, and
means actuated by the received signal and cou-
pled to said second input terminal to render con-
ductive one or the other of said electron dis-
charge devices depending upon the relative po-
tentials at the anode-cathode connections at pre-
determined times with respect to the received sig-
nal whereby the potential of said first electric
storage means is transferred to said second ‘elec-
tric storage means during such conductive peri-
ods, . :
2. In a communication system having trans-
mitting .and receiving means, said - receiving
Imeans.including means for detecting the intelli-
gence to. be reproduced including a pair of elec-

- tron-discharge devices, each of which devices has

70

an.anode, a. cathode, and g control electrode, said
anodes and cathodes being inversely connected
and. said control electrodes being connected to-
gether, one of ‘said anode-cathode connections
constituting a first input terminal of said detect-
ing means. and said control electrode connection
constituting a second input terminal, a third elec-
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v\’
tron discharge device having an anode, a cath-
ode and @ control electrode, a resistance con-
nected between the cathode of said third dis-
charge device and ground, a first capacitance
connected in shunt with said resistance, a second
capacitance connected between the other anode-
cathode connection and ground, means for ‘ime-
pressing a voltage representing the received. sig-
nal on the control electrode of said third device

whereby the charge on =said first -capacitance:

corresponds to a characteristic of the. received
signals, the ungrounded end -of said first capaci-
tance being also connected to said first input ter-
minal whereby the potential of said first capaci-
tance is transferred to said second capacitance
whenever either of said pair of electron dis-
charge devices is rendered conductive,; and means
for rendering one or: the other of said pair of
electron discharge devices -conductive at desired
times.

3. In a communication system having trans-
mitting and receiving means, - said recelving
means including means for detecting the intelli-
gence to be reproduced including a pair of elec-
tron-discharge devices, each of which devices has
an anode, cathode, and a control electrode, said
anodes and cathodes, being inversely connected
and said control electrodes being connected to-
gether, one of said anode-cathode connections
constituting a first input terminal .of said de-
tecting means and said control electrode connee-
tion constituting a second input terminal, a third
electron discharge device having an anode, a
cathode and a.control electrode, a resistance con-
nected between said cathode of said third dis-
charge device and ground, a first capacitance
connected in shunt with said resistance, a sec-
ond capacitance connected between . the other
anode-cathode connection and ground, means for
impressing a voltage representing the received
signal on the control electrode of said third de-
vice whereby the charge on said first capaci-
tance .corresponds to a characteristic of the re-
ceived signals, the ungrounded end of said first
capacitance being also connected to said first in-

put terminal whereby the potential of said first

capacitance is transferred to said second capaci-
tance whenever either of said pair of electron

discharge devices is rendered conductive, means.

for rendering one or the other of said pair of
electron discharge devices conductive at desired
times, and high impedance output means .cou-
pled to said second capacitance. .

4. ITn a communiecation system having means
for transmitting and receiving signals, said re-
ceiving means comprising means for detecting
intelligence to be reproduced including a pair of
electron-discharge devices, each of which devices

has an anode, a cathode, and a control electrode,.

said anodes and cathodes being inversely con-
 nected and:said‘control electrodes being connect-
ed together, one of said anode-cathode connec-
tions constituting a first input terminal to.said
detecting means and said control electrode con-
nection constituting a second inputterminal, afirst
capacitance connected between said first. input
terminal and ground, a second capacitance con-
nected between the other anode-cathode connec-
tion and ground, means for impressing a voltage
representing the received signal on said first in-
put terminal, and means actuated by the received
signal and coupled to said second input terminal
to render conductive one or the other of said
electron discharge devices depending upon rela-
tive poteritials at the anode-cathode connection
at predetermined times with respect to the re-
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ceived signal, whereby the potential of said first
capacitance is transferred to said second capaci-
tance during such conductive periods, the capac-
ity of said:second capacitance being substantially
less than that of said first capacitance so that
the potential on said first capacitance is not sub-
stantially affected by the transfer of potential
from said first to -said second capacitance.

5. In a communication system including means
fortransmitting and receiving pulses representing
intelligence to be communicated, said receiving
means including a pair of electron discharge de-
vices, each discharge device having an anode, &
cathode and a control electrode, said anodes and
cathodes being inversely connected, means for
impressing the received pulses on said control’
electrodes, electric .storage means connected
between each ancde-cathode connection and
ground, means for reproducing each received
pulse after a predetermined time delay, means
for charging one-of said storage means in accord-
ance with the voltage of said delayed pulse, and
means for applying said voltage to said second
storage means whenever either discharge device
is rendered conductive.

8. In-a -communication system including means
for transmitting and receiving pulses represent-
ing intelligence to be communicated, said receiv-
ing means including ‘a pair of electron discharge
devices -each having an anode, a cathode and a
control -electrode, said anodes and cathodes being
inversely connected, means for impressing the
received pulses on said control electrodes, electric
storage means. connected between each anode-
cathode connection and ground, means for repro-
ducing each received pulse after a predetermined

time delay, means for charging a first of said stor-

age means in accordance with the voltage of said
delayed pulse and means for applying said volt-
age to the second of said storage means whenever
either discharge -device is rendered conductive,
said second storage means having a capacitance
substantially less than the capacitance of said
first storage means so that the voltage on said
first storage means is substantially unaffected by
the transfer of voltage to said second storage
means.

7. In a communication system including means
for transmitting and receiving pulses represent-
ing intelligence to be communicated, said receiv-
ing meéans including a pair of electron discharge
devices, each of said dévices having an anode, a
cathode, and a control €lectrode; said anodes and
cathodés being inversely connected, means for
impressing voltages representing the received
pulses on said control electrodes, a capacitor con-
niected between each anode-cathode connection
and ground, a source of recurring voltage, means
for controlling the time of recurrence of said
recurring voltage in accordance with a charac-
teristic of the received pulses, and means for
applying said recurring voltage to one capacitor
whereby the potential of said capacitor is applied
to the other capacitor whenever either discharge
device is conducting Whereby the changes in volt-
age-across said other capacitor follow the voltage
representing the intelligence transmitted.

‘8. In a communication system including means
for transmitting and receiving pulses represent-
ing intelligence to be communicated, said receiv-
ing means including a pair of electron discharge
devices, each of said devices having an anode, a
cathode, and a control electrode, said anodes and
cathodes being inversely connected, means for
impressing voltages representing the received
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intelligence on said control electrodes, & capaci-
tor- connected between each anode-cathode:con-
nection and ground, a source of recurring volt-
age, means for controlling the times of recurrence
of said recurring voltage in accordance with the
times of repetition of the intelligence voltage,
and means for applying said recurring voltage to
one capacitor whereby the potential of said one
capacitor is applied to the other capacitor when-
ever either discharge device is conducting so that
the changes in voltage across said other capacitor
follow the voltage representing the intelligence
transmitted. = - :
- % In a communication system including trans-
mitting means and receiving means, said receiv-
ing means having means for detecting intelligence
to be reproduced comprising a pair of electron
discharge devices, each of said devices having an
anode, a cathode, and a control electrode, said
anodes and cathodes being inversely connected,
means for impressing voltages representing the
received intelligence on said control electrodes,
a capacitor connected between each anode-cath-
ode connection and ground, a wave generator
including an electron discharge device and a
Tesistance-capacitance network, said generator
being normally inoperative, means for impressing
a delayed counterpart of said signal on the con-
trol electrode of said electron discharge device
for rendering operative said generator to produce
a voltage across said network, snd means for
impressing said voltage orn one of said anode-
cathode connections, a capacitor connected be-
twéen the other anode-cathode connection and
ground whereby the voltage generated by said
generator is applied to 'said capacitor whenever
said generator is operative. B S
10. In a communication system including
means for transmitting and receiving pulses rep~
resenting intelligence to be communicated, said
recelving means including a pair of electron dis-
charge devices, each of said devices having an
anode, a cathede and a control electrode, said
anodes and cathodes being inversely connected,
means for impressing said pulses on said control
electrodes, means for obtalning a delayed coun-
terpart of said pulses, the delay interval being
less than the interval between 'successive pulses,
a first capacitor connected to be charged by said
counterpart, means permitting at -least partial

dissipation of said charge between charging inter--

vals, means for impressing the potential of said

first capacitor on one of said-anode-cathode con- .

nections, and a second capacitor connected to the

other of said anode-cathode connections whereby -
said second capacitor samples-the charge on said -
first capacitor during conduction of either of said -
discharge devices, the voltage across said second.
capacitor reproducing closely the voltage corre~

sponding to the intelligence transmitted.

11. In a modulated wave communication- sys- -

tem having means for transmitting and receiving

modulated signals, said receiving means includ- .

ing means for reproducing the intelligence re-
ceived from said transmitting means; said means
including a pair of electron discharge devices,
each device having an anode, a cathode and a
control electrode, said anodes and cathodes being
inversely connected, a capacitor connected be-
tween each anode-cathode connection and
ground, means for impressing s voltage corre-
sponding to the modulated signals on one of said
anode-cathode connections, and means utilizing
the received signal and said control electrodes for
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rendering conductive one orthe other of said dig-
charge devices at substantially the peaks of each
cycle of the received-signal carrier whereby the
voltage of the capacitor connected to said one
anode-cathode connection is applied to the other
capacitor each time either discharge device is
rendered conductive. )

+12.In a modulated wave communication system
including transmitting and receiving means, said
receiving means including means for detecting
and reproducing the received intelligence com-
prising a pair of electron discharge devices, each
of said discharge devices having an anode, a cath-
ode;, and a control electrode, said anodes and
cathodes being inversely connected, a third elec-
tron discharge device having an anode, a cathode,
and control electrode, ‘resistance means con-
nected between the last mentioned cathode and
ground, capacitance means connected in Pparallel
with said resistance means, means for impressing
the received signal on the control electrode of
sald third discharge device, means for impressing
the - voltage ‘appearing across saild capacitance
means on one of the anode-cathode connections,
capacitance means connected between the other
anode-cathode connection and ground, and means
for rendering one or the other of said discharge
devices operative at predetermined times where-
by the potential of said first capacitance means
is transferred to said second capacitance means.

13. The method of reception of pulse modu-~
lated signals which comprises receiving said
pulses, developing a voltage of a given value for
each pulse, developing a second voltage corre-
sponding to the first mentioned voltage but de<’
layed in time, dissipating said second voltage in’
accordance with a function of time for an inter-~
val terminated by ‘the succeeding pulse in the
train whereby the minima of the said second volt-

+ ages at the termination of the several intervais

define an envelope corresponding to the original
signal, utilizing said first voltage to sample said
second voltage at approximately the times of oc-
currence of said minima, and translating the
sampled voltages into sound.

14. In combination, a source of energy pulses
modulated in repetition period; a saw tooth wave
generating and shaping means responsive there-
to; an energy storage cireuit; and means mo-
mentarily applying the output of said generating
and shaping means to said energy storage circuit
near the peak of each of the saw tooth excursions”

- 0f said output. '
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