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13 Claims,
l .

This invention relates to communication sys-
tems and is directed particularly to a system in
which various symbols making up the data to be
transmitted are transformed into bursts or trains
of discrete rapidly recurring signals, the number
of signals in each burst being dependent upon
the symbol which it represents. The bursts rep-
resenting the different symbols are sent one after
another over a single communication channel,
and a marking signal is provided for each burst
to indicate the completion of the burst. The
marking signal is used to control a receiving
apparatus to govern the allocation and storage
of the symbols therein, The signals by which
the symbols may be represented may take var-
ious forms, as, for instance, interruption or mod-
ulation of a continuous carrier wave and/or dis-
crete rapidly recurring impulses, or representa-
tions thereof. .

The sending apparatus is provided with means

for generating the bursts of signals and controls
the number of sighals in each burst according
to the symbol being sent. The signals can be
transmitted by any convenient means; for in-
stance, over & wire or by radio to a receiving and
storing apparatus, where they are transformed
back into single representations of the symbols
and are stored.
. The receiving apparatus contains a plurality
of transforming and symbol-storing means, each
consisting of a group of devices, which trans-
forming and symbol-storing means may be se-
lectively and successively rendered effective un-
der control of the marking signals to receive the
symbol-representing signals and which devices of
a group represent the symbols and are differen-
tially operated according to the number of sig-
nals in a burst to transform the signals back into
a single or direct representation of the symbol
and to store this representation.

The receiving apparatus responds to the sig-
nals when they are received, and, since it is the
number of signals and not their position in a
fixed cycle which is the controlling factor, there
is no need to synchronize the operation of the
sending and receiving apparatus either before or
during g transmitting operation,

High-speed communication of data is obtained
with applicants’ novel arrangement because the
sending and receiving apparatus can generate
and respond to the signals at a high frequency
and because the signal bursts which are used to
represent the various symbols require only the
time necessary to produce the number of signals
needed to represent the symbols and can follow
one after the other in transmission without un-
necessary loss of time between bursts.

Furthermore, there is no particular sequential
relation between the various symbols and the
number of signals which may be used to repre-
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sent them, so that the number of signals which
represent any symbol may be chosen arbitrarily.
Because of this condition, the symbols used most
frequently can be represented by the smaller
number of signals, and this will also reduce the
time required for transmitting data.

It is an object of the invention, therefore, to
provide novel high-speed means for sending and
receiving data in the form of bursts of different
numbers of signals.

‘A further object of the invention is to provide
a means for producing bursts of signals, each
burst comprising a predetermined number of
symbol-representing signals followed by a control
signal.

A further object of the invention is to provide
8 novel means for transforming a data-repre-
senting symbol into & number of discrete rapid-
ly-recurring signals.

A further object of the invention is to provide
a means to transform any data-representing:
symbol into & signal train comprising a number

" of discrete signals of one type for indicating the

symbol and a control signal of another type for
indicating the end of the signal train.

A further object of the invention is to provide a
means upon which may be set a plurality of sym-~
bols comprising data to be transmitted, which
symbols are transiormed one after another into
bursts of different numbers of like discrete sig-
nals representing the symbols and are sent out
over & single communication channel.

A further object of the invention is to provide
& means to transform a plurality of data-repre-
senting symbols into bursts or individual trains
of different numbers of discrete signals corre-
sponding to the symbols, with a marking signal
included in each burst to distinguish the bursts.

A further object of the invention is to provide -
means for receiving different numbers of discrete
signals which represent symbols and transform-
ing the signals inte a representation of the sym-
bols. .

A further object of the invention is to provide
a recelving means for receiving bursts of signals
consisting of signals having one characteristic
and signals having a distinctive characteristic,
and having discriminating means to distinguish
between the signals having different character-
istics and to control the receiving means accord-
ingly.

A further object of the invention is to provide
a means for receiving and transforming bursts
of symbol-representing signals into direct rep-
resentations of the various symbols, each of said
bursts containing a number of similar discrete
signals and a contro]l signal, and said recelving
means containing a plurality of transforming
means for setting up direct representations -of
the various symbols according to the number of
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signals in & burst and a routing means controlled

by .the control signals to route the bursts to the

different transforming means.

With these and incidental objects in view, the
invention includes certain novel features of con-
struction and combinations of parts, the essential
elements of which are set forth in appended
claims and & preferred form or embodiment of
which is hereinafter described with reference to
the drawings which accompany and form a part
of this specification. ‘

In the drawings:

Pig. 1 shows a portion of a set of keys for set-
ting up a symbol in the sending apparatus and
a portion of the symbol-transforming means con-

trolled thereby for controlling the number of im- -

pulses which will be sent to represent the sym-
bol set up on the keys.

Pigs. 2 to 5 inclusive are similar to Fig. 1, and
together with Fig. 1 provide means for setting up
and controlling the sending of five symbols in
succession. ’ :

Fig. 6 shows the start and stop controls for
the sending apparatus, and also shows the meang
for forming the symbol-representing impulses
and the marking signals.

Pigs. 7 to 11 inclusive show portions of the
transforming and symbol-storing means in the
receiving apparatus, which means consists af
groups or banks of symbol-representing tubes
which may be selectively set according to the
symbols corresponding to the impulses sent by
the sending apparatus.

Fig. 12 shows relay means for selectively di-
recting or routing impulses to the various groups
of transforming and symbol-storing means.

Fig. 13 shows a routing control device contain-
ing a plurality of sequentially operable tubes
which are controlled by the marking signals to
control the relay means which route the impulses
representing various symbols into the proper
groups or banks of transforming and symbol-
storing means.

Fig. 14 shows means in the receiving apparatus
for discriminating between symbol-representing
impulses and marking impulses and controlling
the receiving apparatus according to the signifi-
cance of the impulses.

Fig. 15 shows five bursts which may be trans-
mitted in succession and illustrates the general
character of the trains of signals by which the
symbols are transmitted,

GENERAL DESCRIPTION

The symbols which may be sent and received
by the novel apparatus may represent any se-
lected data such as the digits of numerical nota-
tion, the letters of the alphabet, or any other
arbitrary data which may be chosen. )

The disclosed embodiment is shown with a ca-
pacity for automatically transmitting five sym-
bols in succession and is arranged to transmit
the letters of the alphabet.

For the purposes of this disclosure, the signals
by which the symbols are represented will con-
sist of discrete rapidly recurring impulses, and
these impulses will be transmitted from the
sending apparatus to the receiving apparatus
over & wire. However, it is not intended to limit
the invention to this particular form of signal
and transmission medium, as the invention is
capable of being carried out by using other equiv-
alent arrangements. .

The sending apparatus contains five groups or
banks of keys. The keys of each group represent
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a “‘space” symbol and the letters A to 2 and atre
used for setting up symbols to be transmitted..
Associated with each bank of keys is a bank of
gaseous electron tubes which contains a tube cor-
responding to each symbol represented by the
keys, and, in addition to these tubes, contains a
marking impulse tube and a shift tube.

The tubes of each bank control the number of
impulses which will be in a burst and are con-
nected in a chain to be fired automatically one
after another in sequence, beginning with any
selected symbol-representing control tube in the
chain and continuing through the marking im-
pulse tube to the shift tube. The depressed key
in any bank selects the starting point in the fir-
ing sequence by preparing its related symbol-rep-
resenting control tube to be fired in response to
an impulse commonly impressed on all of the
symbol-representing control tubes. Once a tube
in a bank is fired, it will start the automatic
firing. of the other tubes in the sequence one
after another until the shift tube is fired and
becomes conducting, By means of these tubes,
the symbol is transformed into a series of rap-
idly recurring impulses. The symbol-represent-
ing control tubes are connected to an impulse
line and send an impulse over the line each time
one of the tubes is fired, and these impulses are
utilized to control the output of a small-ampli-
tude impulse generating tube which sends out a
small-amplitude impulse to the recelving appa-
ratus each time one of the symbol-representing
control tubes is fired.

When the last symbol-representing control tube
in a chalin is fired, it causes the marking impulse
tube to fire. The marking impulse tube sends an
impulse to control a second impulse generating
tube, which sends to the recelving apparatus an
impulse having a larger amplitude than the im-
pulses sent out under control of the symbol-
representing control tubes. The impulses from
the small and large-amplitude impulse-generat-
Ing tubes are impressed on a single output con-
ductor and may be sent to the receiving appa-

5 ratus.

The marking impulse tube, when it is fired,
causes the shift tube of this bank to be fired and
send an impulse to the symbol-representing con-
trol tubes of the next bank of the tubes to fire
the prepared symbol-representing control tube
therein and start sequential firing of the tubes of
that bank. By means of the shift tubes, various

. banks of tubes are rendered operative one after
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another in succession, and this successive oper-
ation of the banks of tubes enables the symbol-
representing control tubes of all the banks to
control the same small-amplitude impulse-gen-
erating tube, and the marking impulse tubes of
all the banks to contro] the same large-amplitude
impulse-generating tube so that the impulses
representing the different symbols can be sent in
succession over a single communication channel.
The output from these generating tubes will
therefore consist of bursts of rapidly recurring
impulses for each bank of tubes, each burst being
made up of a series of small-amplitude impulses
followed by a large-amplitude impulse.

It is clear that the invention is not limited to
the use of small-amplitude impulses as the plu-~
rality of signals, and large-amplitude impulses as
terminal signals, because the large-amplitude im-
pulses could obviously be used to make up the
Plurality of signals, and the small-amplitude im-
pulses could be used as terminal signals,

A delay is provided in the firing of the shift
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5 .
tube of each bank by its related marking impuise
tube. This delays the initiation of the firing of
the tubes of the next bank and provides a space
or time interval between the successive bursts.

After the symbols have been set up on the keys,
transmission of the symbols is initiated by operat-
ing a start key, which causes a firing impulse to
_ be sent to ;he symbol-representing control tubes
of the first bank of tubes to start the sequential
firing of the tubes therein. The remaining banks
of tubes will be rendered operative automatically
in succession, and the shirt tube of the last bank
will cause the termination of the transmitting
operation.

The receiving apparatus contains a discrimi-
nating means which receives the impulses and is
capable of distinguishing between the small-
amplitude and the large-amplitude impulses; a
routing means; and a plurality of transforming
and symbol-storing means consisting of groups
or banks of gaseous electron tubes for transform-
ing the bursts of impulses into single representa-
tions of the symbols and storing the symbols.

Each group or bank of transforming and sym-
bol-storing tubes contains a tube representing
each symbol, a tube corresponding to the marking
impulse, and a pre-setting tube. The marking
impulse and symbpol-representing tubes of each
bank are connected to be fired one after another
in response to the impulses sent out by the send-
ing apparatus, the order of firing beginning with
the marking impulse tube, then the space symbol
tube, and next the tubes for the symbols A to Z,
which, it will be noted, is exactly the reverse order
of the firing of the tubes in the sending appa-
ratus. As each tube in the bank is fired, it ex-
tinguishes any previously conducting tube in the
bank, and this means that.only one tube will be
conducting in each bank at the end of a receiving
period and these conducting tubes in the various
banks will correspond to the symbols received.
The conducting tubes will continue to conduct
after the receiving period and serve as a means
for storing the symbols.

As explained earlier in connection with the
sending apparatus, the bursts of impulses repre-
senting the various symbols are sent out one after
another in succession over a single wire, and, be-
cause of this, routing means must be provided in
the receiving apparatus to distribute or allocate
the bursts to the proper banks of transforming
and storing tubes. The particular routing means
shown herein includes a normally inoperative re-
lay means for each bank of tubes, which relay
means iay be selectively rendered effective one
after another to relay the bursts of impulses from
a common impulse line to the various banks of
transforming and storing tubes.

The relay means are rendered effective one
after another by means of a routing control de-
vice consisting of a series of gaseous electron
tubes which are connected in a chain to be fired
and rendered conducting one after another in
sequence in response to the marking impulses.
The tubes of the routing control device are also

connected so that the firing gf any tube in the -

chain will cause any previously conducting tube
of the chain to be extinguished and allow only one
tube at a time to be conducting. The chain con-
nections and extinguishing connections between
the routing control tubes, therefore, enable the
tubes to become conducting one at a time in se-
guence, and, as long as any tube is conducting, it
renders its associated relay means operative to
relay impulses from the common impulse line to
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20

its associated bank of transforming and symbol-
storing tubes.

While the routing means is shown as consisting
of a plurality of relays, it is obvious +hat the rout-
ing means could take other forms, such as a se-
quence switch which is capable of step-by-step
operation to relay the impulses to the various
banks. .

The discriminating means in the receiving
apparatus receives all the impulses which are sent
from the sending apparatus and includes means
which is responsive to both small- and large-
amplitude impulses and means which is only re-
sponsive to the large-amplitude impulses. The
means which is responsive to all the received im-
pulses passes these impulses to a common im-
pulse conductor in the receiving apparatus, from
which conductor the impulses are relayed selec~
tively to the various banks of transforming and
symbol-storing tubes. The means which is re-

_ sponsive to the large-amplitude impulses only is

25

30

35

40

45

50

65 .

60

65

70

1

effective to send an impulse to the routing con-
trol tubes to cause one-of these tubes to be fired
each time a large-amplitude impulse is received
in the receiving apparatus.

The operation of the receiving apparatus is as
foilows:

The receiving apparatus is prepared for the
reception of data by causing the presetting tube
of each bank of transforming and symbol-storing
tubes and the first tube in the routing control
device to be fired and rendered conducting,

The firing of the presetting tube in each bank
of transforming and symbol-storing tubes will,
through the mutual extinguishing connections,
clear these banks of any previously stored sym-
bols, and the firing of the first tube in the rout-
ing control device will likewise cause any other
tube of the device to be extinguished and insure
that the first entry will always be routed to the
first bank of transforming and symbol-storing
tubes.

The conducting presetting tube of each bank
will prepare the marking impulse tube in its bank
of tubes to be responsive to signal impulses and
will continue fo be conductive until signa] sym-
bol impulses are relayed to that bank and cause
the marking impulse tube therein to be fired and
rendered conducting.

The conducting routing control tube renders

the relay means for the first bank effective and
prepares the routing control tube for the second
bank for firing in response to the first large-am-
plitude impulse to be received.
The receiving device is now ready to receive
signals. As the first burst of impulses is recetved,
the small and large-amplitude impulses will be
passed on to the common impulse line and re-
layed from the common impulse line to the first
bank of transforming and symbol-storing tubes,
and these tubes will be operated one after an-
other in response to these impulses, the last tube
to be operated being the symbol-representing
tube corresponding to the symbol represented by
the burst. The marking impulse, or large-ampli-
tude impulse, which is the last impulse of the
burst, will also be effective, through the discrim- -
inating means, to cause an impulse to be sent to
the routing control tubes. The routing control
tube for the second bank has been prepared for
firing by the conduction in the first tube, and,
when’ the impulse is sent to these tubes in re-
sponse to the marking impulse of the burst, the
second bank routing control tube is fired and
rendered conductmg
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The second bank routing control tube, when it
is fired, causes the first bank routing control tube
to be extinguished, and thereby the first bank
relay means to return to its normal inoperative
state; prepares the third bank routing control
tube for operation in response to the next mark-
ing impulse; and renders the relay means for

the second bank of transforming and symbol-

storing tubes operative.

The next burst of impulses will cause the
transforming and symbol-storing tubes of the
second bank to be fired to set up and store the
symbol represented by the second burst of im-
pulses.- As before, the last or marking impulse
of this burst will cause the firing of the next
routing control tube and prepare the next trans-
forming and symbol-storing bank for reception
of the next burst of impulses. In this way, the
successive bursts of impulses are routed to the
various banks of symbol-storing tubes and con-
trol the setting of the various symbols therein.

After the sequence of bursts have been re-
-ceived, the conducting tubes representing the
symbols in the various banks can be used to con-
trol an indicating means or a recording means or
can be used to contro] the transfer of the sym-
bols directly to other storing means for future
use.

The invention is not limited to the use of a
multiple-bank sending apparatus, because & sin-
gle bank could be used repeatedly to send out
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successive bursts of impulses which the receiving -

apparatus would allocate and transform into suc-
cessive settings representing the symbols in the
same manner as explained above for the five-
symbol sequence. Nor is the receiving apparatus
limited to five banks of transforming and sym-
bol-storing tubes, as it is obvious that more banks
of transforming and storing tubes could be used
if it were desired to increase the capacity of the
receiving apparatus.

Thus it is seen that applicants have provided
a novel communication system for sending and
receiving data at & high rate of speed.

DETAILED DESCRIPTION
Sending apparatus

The sending apparatus is shown in Figs. 1 to 6
inclusive,

The disclosed embodiment of the invention is
adapted to send five symbols automatically in
succession in the form of bursts of impulses. Fig.
15 shows, in a general way, a train of impulses
made up of the bursts of impulses which would
be used to transmit the symbols for “A,” “Space,”
"C," “A," and “B."

A consideration of these bursts shows that the
“space’ symbol is represented by a burst contain-
ing one small-amplitude symbol-representing
impulse followed by a large-amplitude marking
impulse; the letter “A” is represented by a burst
containing two small-amplitude impulses and a
large-amplitude impulse; and the letter “B” is
represented by three small-amplitude impulses
and a large-amplitude impulse. In the instant
embodiment, this relation between the various
letters and the number of small-amplitude im-
pulses extends to the letter “Z,” which would be
represented by twenty-seven small-amplitude
‘impulses and a large-amplitude impulse.

The form of the impulses as shown in this fig-
ure is one form which may be used, but the in-
vention may be carried out with other forms of
impulses just as long as a distinction is main-
tained between the variable number of impulses

35

40

45

50

65

60

65

70

(]

and the marking or controlling impulses. The
numerals MI'" MII." llm," “Iv," md “v” 1ndicate
the order in which the symbols are transmitted,
and similar numerals will be applied to the parts
of the sending and receiving apparatus which
deal with these symbols. . . :

Symbol-transforming means

Five banks of keys are provided for setting
up the symbols, and associated with each bank
is a symbol-transforming control means which
controls the transformation of the symbols into
different numbers of impulses. The banks are
shown in Pigs. 1 to 5 inclusive, and, as the banks
are substantially alike, it is believed that the
operation of all the banks will be clear from g
description of the elements of one bank and their
operation.

It is not intended that the invention be limited
to the use of the particular potentials and values
of resistance and capacitance given in the fol-
lowing description, because the potentials applied
to the various elements of the tubes are merely
selected as convenient potentials for the disclo-
sure, and the circuit elements of resistance and
capacitance correspond in relative value to the
potentials chosen. It is obvious that other po-
tentials may be used and the values of the cireuit
elements adjusted according to maintain the
proper relation between the various parts of the
circuit. Throughout the drawings the cathode
heater elements are shown conventionally.

Referring to Fig. 1, which shows a symbol-
transforming means for the first symbo] to be
transmitted, it will be seen that the symbol-~trans-
forming means is made up of a plurality of gase-
ous electron tubes., The tubes are of the type
having an internal potentia} drop of about 15 volts
when conducting and having an anode,  cathode,
and a control grid which is given g negative biag
with respect to the cathode and will prevent the
tube from firing until this bias is reduced to less
than 15 volts negative with respect to the cath-
ode. The tubes making up the bank fall into
three classifications—namely, symbol-represent-
ing control tubes; a marking impulse tube; and
a shift tube.

As many symbol-representing control tubes
will be included in each bank as there are symbols
which may be selected for transmission, and these
tubes will control the creation of different nume-
bers of impulses by which the symbols are repre-
sented. In the present embodiment, each group
will include a tube for a “space” symbol and one
for each of the letters of the alphabet, though
in Fig. 1 only the “Space,” “A,” “B,” “Y,” and
“2Z” tubes are shown, the symbol-representing
control tubes for the leters “C” to “X” inclusive
having been omitted to simplify the showing of
the bank because the circuits for these tubes ar
identical with those of other symbol-represent-
ing control tubes and the operation of the symbol-
transforming means can be readily understood
without a showing of them.,

. One marking impulse tube “Mark” is provided

. for the bank and is operated to control the crea-
‘tion of a marking impulse for indicating the end

of a burst aftr the symbol-representing control
tubes of the bank have caused the creation of
control impulses.

One shift tube “Shift” is provided for the
bank and is operated to shift the control of the
sending of impulses, from one bank to another,
by impressing a starting impulse on another bank
to start the sending of another burst of controj
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impulses after the marking impulse tube of one
bank has operated to cause a marking impulse
to be created to indicate the completion of the
symbol-representing burst of impulses.

The ecircuits for supplying potential to the .

elements of the symbol-representing control tubes
~ and for interconnecting these tubes for sequential
" operation are similar for all these tubes and will
be clear from the explanation of the circuits
shown, :

Negative potential is supplied to the cathodes
of the' symbol-representing control tubes. by
means of parallel circuits, one for each tube,
extending to ground from a negative pofential
supply conductor 61, to which a negative poten-
tial of 150 volts is applied at terminal 62. The
circuit for the “A” tube is representative and
extends from the supply conductor 61 at point

10
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63 over resistor 64 of 150,000 ohms, point 65, a »

resistor 66 of 75,000 ohms, points 67 and 68, and
over resistor 69 of 15,000 ohms and capacitor 70
of .002 microfarad in parallel, to ground.

20

The cathode Tl of the “A” tube is connected .

to this circuit at point 67 and has a negative po-
tential of approximately 9 volts when the tube
is not conducting. When the tube is conducting,
the cathode is also conductively coupled to its
related anode by the discharge path through the
tube, so that the positive potential which is ap-
plied to the anode will also bn impressed on the
cathode potential supply circuit and will cause
the potential of the cathode to rise from a nega~
tive potential of 9 volts to a positive potential of
about 70 volts

Each cathode potential supply circuit is utilized
to supply negative biasing potential for the con-
trol grid of the next tube in the sequence, which
is, in this case, the “Space” tube. From the
point 6% in the cathode circuit for the “A” tube,
the circuit extends through point 12, over resistor
13 of 500,000 ohms, point T4, a resistor 15 of

50.000 chms, to the control grid 76 of the “Space”

tube and provides this grid with a negative bias-
ing potential of approximately 56 volts. This
connection between the cathode circuit of one
tube and the control grid of the next adjacent
tube of the series enables the potential rise of the
cathode of one tube to reduce the bias of the
control grid of the next tube in the sequence to
a value below its critical potential and will cause

" the next tube to automatically fire and become
conducting.

Since the “Z” tube is the first tube in the se-
quence, the contro] grid 17 of this tube is given
g biasing potential of the same value as the grids
of the other tubes by means of a circuit which is
equivalent to the other cathode potential supply
circuits and extends from the negative potential
supply line 61, over point 18, resistor 19 of 150,000
ohms, point 88, and resistor 8! of 90,000 ohms to
ground, to which circuit the grid 77 is connected
from point 80 over resistor 82 of 500,000 ochms,
point 83, and resistor 84 of 50,000 ohms.

Each control grid of the symbol-representing
control tubes is electrostatically connected to a
starting impulse conductor 80, the  connection
for the grid 76 of the “Space” tube extending
from point 78 in the grid circuit, over a capaci-
tor 91 of 10 micro-microfarads to the conductor
90. The starting impulses, which are positive
potential impulses impressed on conductor 90,
tend to reduce the negative bias of the control
grids below their critical value, but are not suffi-
cient to overcome the normal negative bias. The
starting impulse will be effective to cause a tuhe
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to be ﬂred only if that tube has been.“primed”
or has its grid bias reduced to near the critical
point so that the starting impulse can reduce
the bias below its critical point and cause the
tube to fire and become conducting. ‘The man-
ner in which the tubes can be “primed” will be
explained hereinafter,

Positive potential is supplied to the anodes of
the symbol-representing control tubes by g cir-
cuit which extends from terminal 82 (Fig. 6),
upon which is impressed a positive poteiitial of
105 volts, and continues over conductor 93, point
94, conductor 85, points 96 and 97, a resistor 88

‘of 500 'ohms, point 99, a resistor 100 of 3,000 ochms,

poinit 101, and conductor 102 to the common
anode potential supply terminal 103 for the sym-
bol-representing control tubes.

Point, 99 in this circult is connected to ground
over & capacitor of 0.1 microfarad, which absorbs
the shock of any abrupt potential application or
change in the circuit.

Terminal 103 is connected to terminal 104
(Fg. 1), to which is connected an anode poten-
tial supply conductor 105 for the symbol-repre-
senting control tubes of this bank. Each of the
anodes of the symbol-representing control tubes
of this bank is connected over a resistor of 1,000
ohms to the anode potential supply conductor
105, as, for instance, resistor 106, over which the
anode 107 of the “A” tube is connected to the
anode potential supply conductor {05.

When none of the symbol-representing con-
trol tubes is conducting, a positive potential of 105
volts is applied to the anodes; however, when one
of these tubes is conducting, the potential will be
reduced to about 85 volts due to the drop across
the resistors 98, {00, and 106.

At the moment one of these tubes is fired, its
cathode will remain at a negative potential of
9 volts while the capacitor, as 10, is charging,
and, due to the resistance in the common anode
potential supply circuit for the symbol-represent-
ing control tubes and the internal potential drop

. of the tube, the potential of the anode will drop
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to within about 15 volts of the cathode potential.
This will cause a drop in potential of the anode
potential supply conductor (08, which drop pro-
vides a negative potential impulse on the con-
ductor. As the anodes of all the symbol-repre-
senting control tubes of a bank are connected to
the anode potential supply conductor 105, a se-
ries of negative impulses will be impressed on the
conductor as these tubes are fired one after
another. These impulses are used to control a
signal-generating tube 145 (Fig, 6), which, in a
manner to be described later herein, creates sym-
bol-representing impulses corresponding in num-
ber to those required to represent the symbol be-
ing transmitted.

The drop in the potential of the anode poten-
tial supply conductor 105 is also used to extin-
guish any previously conducting tube which has
its anode connected to the common source of an-
ode potential for the symbol-representing control
tubes, which includes the resistors 98 and 100.
The extinguishing action occurs because the po-
tential of all the anodes of these tubes will drop
as the potential of the anode supply conductor
drops, and this will cause the potential of the
anode of a previously conducting tube to drop
below the potential of its cathode, which has risen
due to conduction in the tube, and will cause con-
duction to cease in that tube and enable the con-
trol grid to regain control.

Negative pofential is applied to the ca.thode
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108 of the marking impulse tube “Mark” by means

of a circuit similar to the ones for the symbol-

representing control tubes, the circuit for the
marking impulse tube extending from the nega-
tive potential supply conductor i at point 109,
over resistor 110 of 150,000 ohms, point 1}, re-
sistor 112 of 75,000 ohms, point {13, and over a
resistor 114 of 15,000 ohms and a capacitor 118
of .002 microfarad in parallel, to ground, to which
circuit the cathode 108 of the marking impulse
tube js connected at point {13. As in the case of
the symbol-representing control tubes, the cath-
ode of the marking impulse tube will acquire a
positive potential when the tube is conducting.

Negaftive bias for the control grid 116 of the
marking impulse tube is obtained by connecting
the control grid to point {17 in the cathode po-
tential supply circuit for the “Space” tube. This
connection enables the potential rise of the cath-
ode of the “Space” tube to be reflected on the
grid of the marking impulse tube and cause the
negative bias to be reduced below the critical
point and the tube “Mark” to fire and become
conducting automatically after the “Space” tube
has become conducting.

The control grid of the marking impulse tube
has no connection to the starting impulse con-
ductor 90 and accordingly can be fired only when
conduction occurs in the last symbol-represent-
ing control tube .of the sequence, which in the
instant embodiment is the “Space” tube. )

The potential supply circuit for the anode of
the marking impulse tube is similar to that for
the symbol-representing control tubes. The cir-
cuit extends from the terminal 92 (Fig. 6), upon
which is impressed a positive potential of 105
volts, conductor 93, point 94, conductor 95, point
96, resistor 118 of 500 ohms, point 119, resistor
120 of 4,000 ohms, point 121, and conductor {22
to common anode potential supply terminal 123
for the marking impulse tubes. Point 119 in
this circuit is connected to ground over a 0.1
mircrofarad capacitor, which absorbs the shock of
any abrupt application or change of potential in
this circuit. Terminal 123 is connected to ter-
minal 124 (Fig. 1), to which is connected the
anode {25 of the marking impulse tube of this
bank. The anode $25 will have a normal positive
potential of 105 volts, but, due to the resistance in
the common anode potential supply circuit, this
potential will drop as the tube is fired and will
fluctuate in a manner similar to that described
above for the.symbol-representing control tube;
namely, drop to a positive potential of about 6
volts while capacitor 115 is charging and then
rise to about 85 volts as long as the tube is con-
ducting. The potential drop which occurs while
the capacitor {15 is charging provides a nega-
tive potential impulse which is used to control a
signal-generating tube 146 (Fig. 6) for creating
a marking signal in a manner to be described later
herein. This impulse, which occurs at the mo-
ment the marking impulse tube is fired, can also
cause any other tube which is connected to the
common anode potential supply circuit for the
marking impulse tubes, over resistors 118 and
128, to be extinguished. It should be noted that,
since the symbol-representing control tubes have
a different anode potential supply circuit from
the marking impulse tube, the firing of the mark-
ing impulse tube will not be effective to extin-
guish the last symbol-representing control tube
of the sequence which has been fired and is con-
ducting.

The cathode 128 of the shift tube is connected
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;to ground from point 127 over a resistor §28 of
15,000 ohms and capacitor 129 of .002 microfarad
in parallel. The cathode, therefore, {s normally
at ground potential, but, when the tube becomes
conducting, the potential of the cathode rises due
to the resistor 128. A conductor 180 extends from
the cathode circuit at point 127 to the terminal
13! to enable the potential rise of the cathode
126 to be used-as a starting impulse for start-
ing the firing of symmbol-representing control tubes

-in bank II.

The control grid 132 of the shift tube obtains
its negative bias from the cathode potential sup-
ply circuit for the marking impulse tube. The
connection is from point 11{ in the cathode po-

tential supply circuit, of the marking impulse tube

and over point 133 and resistor 134 of 500,000
ohms to the control grid 182. The potential rise
of the cathode of the marking impulse tube, when
that tube is conducting, is effective to reduce the
negative bias on the control grid 132 and cause
the shift tube to fire and become conducting. A
capacitor 135 of .001 microfarad is connected be-
tween point 133 in this circuit and ground to de-
lay potential rise of the control grid 132 and the
consequent firing of the start tube after the fir-
ing of the marking impulse tube. This provides
a time interval between bursts, which interval
may be made longer or shorter as desired by vary-
ing the capacity of capacitor 138.

Potentlal is supplied to the anode 138 of the
shift tube by a circuit which starts at the termi-
nal 137 (Fig. 6), which has a positive potential of
150 volts impressed thereon, and continues over
conductor 138, point 139, resistor 140 of 500 chms,
point 141, and resistor 142 of 4,000 ohms to the
common anode potential supply terminal 143 for
the shift tubes, Point 141 in this circuit is con-
nected to ground over a capacitor of 0.1 micro-
farad. Terminal 143 is connected to terminal
{44 (Fig. 1), to which the anode 136 of the shift
tube is connected. As in the case of the anodes
of the other tubes of the bank, the potential of
the anode will drop to about 15 volts above ground,
the potential of the cathode, while the capacitor
129 is charging, and this potential drop will be
effective to extinguish any previously conducting
tube which derives its anode potential over the
resistors 140 and 142 (Fig. 6) in the common
anode potential supply for the shift tubes. Since
the anodes of the marking impulse tube and the
symbol-representing control tubes have different
anode potential supply circuits from that of the
shift tube, the firing of the shift tube will be in-
effective to extinguish the marking impulse tube
or the “Space” tube.

The sequential and automatic firing of the tubes
of a bank always begins with a symbol-repre-
senting control tube and is initiated by a starting
impulse. The control grids of the symbol-repre-
senting control tubes are .electrostatically con-
nected to the starting impulse conductor 90, but
are normally sufficiently negatively biased so that
a starting impulse impressed on the conductor
will not be effective to reduce the bias below its
critical point to cause the tubes to be fired and
rendered conductive. In order that a starting im-
pulse will be effective to fire a tube, the tube must
be “primed” by having the normal bias of its
grid reduced to such & degree that the starting
impulse will be sufficlent to carry the bias below
the critical value and cause the tube to fire and

‘become conducting; accordingly, the selection of

the tube with which the sequential operation of
the tubes in the bank is to begin can be effected
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by the selective priming of the tubes, This is
accomplished under control of keys upon which
the symbols may be set.

Fig. 1 shows schematically a portion of the row -

of keys upon which the first symbol to be trans-
mitted is set up. Only the keys for the “Space”
symbol and for the letters “A” and “Z” are shown,
the keys for the letters “B” to “Y” inclusive hav-
ing been omitted to simplify the showing of the
bank, inasmuch as the circuits controlled by the
omitted keys are similar to the circuits shown and
the operation of the keys to selectively prime the
tubes can be understood from the circuits shown.

The “A” key 150 (Fig. 1) is shown depressed,
completing a priming circuit which starts at the
terminal 153, upon which is impressed a positive
potential of 105 volts, and continues over con-
ductor 154 to point 158, closed key switch 156, con-
ductor 157, and resistor 158 of 700,000 ohms to
point 159 in thé circuit by which negative biasing

10
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as an impulse to control the large-amplitude gen-
erating tube 146 (Fig. 6). The potential drop of
the anode of the marking impulse tube will not
be effective to extinguish the “Space” tube, be-
cause the anddes of these tubes are in different
anode potential supply circuits. The potential
of the cathode of the marking impulse tube will
rise when the tube becomes conductive and,
through the connection extending from point {{{
in its cathode potential supply circuit, will cause
the potential of the control grid 132 of the shift

- fube to rise and reduce the grid bias below its
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potential is supplied to the control grid of the-

“A” tube.

The application of posn;ive potential by this
circuit reduces the negative biasing potential of
the control grid almost to its critical point, and,
when the starting impulse is impressed on the
tubes, the bias of the control grid of the “A” tube
will be reduced to within 15 volts negative with
respect to the potential of the cathode, and the
tube will fire and become conducting. In a simi-
lar manner, the closure of g priming circuit to any
of the other symbol-representing control tubes
will select that tube to begin the sequential ‘and
automatic firing of the tubes of the bank.

The operation of the symbol-transforming
means shown in Fig. 1, by which the control of
the formation of a burst of impulses correspond-
ing to the first symbol to be transmitted is ob-
tained, will now be explained,

The key 180 corresponding to the letter “A”"

has been depressed and completes the priming
circuit for the “A” tube.
impressed on the starting impulse conductor 90
and causes the firing of the “A’” tube. At the
moment the “A” tube is fired, its anode potential
will drop because of the resistor 106 and the re-
sistors 98 and 100 in the symbol-representing
control tube anode potential supply circuit, caus-
ing a drop to occur on the conductor 105, terminal
104, and terminal 103 of the anode potential sup-
ply circuit, which drop is used as an impulse to
control the small-amplitude impulse generating
tube 145. The potential of the cathode of the
conducting “A” tube will rise and, through the
connection between point 65 in its potential supply
circuit and the control grid 16 of the “Space”
tube, will cause the potential of the control grid
76 to rise and reduce the bias below its critical
value and cause the ‘Space” tube to fire and
become conducting. The potential of the anode
of the “Space” tube will drop and cause another
impulse on conductor {05, terminal (04, and ter-
minal {03 in the anode potential supply circuit,
which impulse will also control the small-ampli-
tude impulse generating tube 146 and in addition
will also extinguish the conducting “A” tube.
The potential of the cathode of the “Space’ tube
will rise and cause the potential of the grid 116
of the marking impulse tube “Mark” to rise, re-
ducing its bias below its critical value and caus-
ing the marking impulse tube to fire and become
conducting.

When the marking 1mpulse tube is fired, the
potential of its anode will drop, which drop occurs
at the terminal 124 and terminal 23 and is used

A starting impulse is-
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critical value. There is a slight delay in the po-
tential change on the control grid 132, due to
the capacitor 135, which connects the point {33 in
this circuit to ground.

When the shift tube fires, there will be a po-
tential drop in its common anode supply circuit,
due to the resistors 140 and {42, However, this
drop will not be effective to extinguish the mark-
ing impulse tube or the “Space” tube, because
their anodes are included in different anode po-
tential supply circuits. The potential rise of the
cathode 126 of the shift tube is used as a starting
impulse for the next bank of tubes to be fired.

It is seen that, during the sequential firing of
the tubes of the bank, two impulses will occur on
the terminal 103 for controlling the small-ampli-
tude impulse generating tube {45, and these im-
pulses will be followed by an impulse at the ter-
minal 123 to control the large-amplitude impulse
generating tube 146. After the signal generating
control impulses have been provided, an impulse
will be impressed on the terminal 131, which is -
used to start the firing of the next bank of tubes.
Also it will be noted that, at the end of the opera-
tion of the tubes of a bank, the shift tube, the
marking impulse tube, and the “Space” tube will
remain conducting. These tubes will be extin-
guished in a manner to be described later.

Each of the other symbol-transforming banks
operates in the same manner as the bank de-
scribed above. The banks shown in Figs. 2, 3, 4,
and 5 control the sending of the second, third,
fourth, and fifth symbols, respectxvely, and are
accordingly numbered “II,” “IIL,” “IV,” and “V”
to indicate the sequence of their operation.

The coordination and interconnections between
the various symbol transforming banks which
form the controls for the sending of five symbols

~ are as follows:
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Each of the negative potential supply conduc-
tors 161, 162, {83, and 164 for the banks “IL”
“II,” “IV,” and “V” is connected, respectively,
to a terminal as 165, 166, 167, and 168, upon which
is impressed a negative potential of 150 volts.

The symbol-representing control tube anode
potential supply conductors (69, {70, {T¢, and (12
for banks “II,” “HIL” “IV,” and “V” have their
terminals 173 {74, {15, and 176 connected to the
common supply terminal 103 (Fig. 6), so that these
supply conductors for all the banks will be con-
nected together at the terminal 103 and from
this terminal will be connected over the common
resistors 98 and 108 to the source of potential.
In this network, the firing of any symbol-repre- .

. senting control tube in any bank will cause a po-

7%

tential drop in the supply conductors of all the
banks, thus enabling the firing of a tube in any
bank to extinguish a previously conducting tube
in any other bank; for instance, the “Space”
tube, which remains conducting when the opera-
tion in the first bank is completed, is extinguished
by the firing of the first symbol-representing
control tube in the second bank. This arrange-
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ment also enables the firing of a tube in any bank

to cause a potential drop at the terminal 103

which drop can be used to control the signal gen-
erating tube {45 to create a small-ampltude im-

ulse,
P In a similar manner, the anodes of the mark-
ing impulse tubes for the various banks have their
terminals 171, {18, 178, and {80 connected to the
common anode potential supply terminal 123
(Fig. 6) for the marking impulse tubes. As a
marking impulse tube in the various banks is
fired, the potential drop of its anode will cause
the potential of the anodes of the other marking
impulse tubes to drop and extinguish any previ-
ously conducting marking impulse tube, so that
the marking impulse tube of the first bank will
be extinguished when the marking impulse tube
of the second bank is fired. The potential drop
of any anode will also control the signal-gener-
ating tube 146 to create a large-amplitude im-
pulse.

The anodes of the shift tubes of the various
banks are all connected to the common anode po-
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tential supply circuit by having the terminals 181, .

182, 183, and 184 (Figs. 2, 3, 4, and 5), to which
they are connected, connected with the terminal
{43 (Fig. 6). The potential drop of the anode of
any shift tube as the tube is fired will cause any
previously conducting shift tube to be extin-
guished, thus enabling the firing of the shift tube

for the second bank to extinguish the shift tube

of the first bank.

The various banks of tubes are connected for
sequential operation by having the starting im-
pulse conductor of a bank connected to the cath-
ode of the shift tube of the bank previously oper-
ated. The terminal 131 (Fig. 1), which is con-
nected to the cathode 126 of the shift tube of the
first bank, is also connected to the terminal 185
(Fig. 2), to which the starting impulse conductor
186 of the second bank is connected, so that the
potential rise of the cathode 126, as the shift tube
is fired, can be impressed on the starting impulse
conductor 186 of the second bank to fire any
primed symbol-representing control tube therein
and Initiate the sequential firing of the tubes of
the second bank. The terminal 187, which is con-
nected to the cathode of the shift tube of the sec-
ond bank, is similarly éonnected to the terminal
188 (Fig. 3), to which the starting conductor 189
of the third bank is connected. The terminal 190
(Pig. 3) is connected to the terminal 191 (Fig. 4)
to start the sequential operation in the fourth
bank, and terminal 192 (Fig. 4) is connected to
terminal 193 (Fig, 5) to start the sequential oper-
ation in the fifth bank after the fourth bank has
completed its operation. By means of these con-
nections, the control impulses for the five bursts
can be formed automatically in succession.

Each of the banks has a key bank similar to the
one shown in Fig..1 for selectively closing prim-
ing circuits to the symbol-representing control
tubes.

Signal generating means

The signal generating means consists of two
normally conducting vacuum tubes 145 and 146
(Fig. 6), which can be controlled to create the
small- and large-amplitude impulses by which
symbols are sent from the sending apparatus
the receiving apparatus. ’

The small-amplitude impulse generating tube
145 is controlled from the symbol-representing
control tubes and is effective to impress a small-
amplitude positive impulse on a signal output ter-
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minal of the sending apparatus each time one of
the symbol-representing control tubes in any bank
fires -and becomes conducting. Similarly, the
large-ampltude impulse generating tube 146 is
controlled from the marking impulse tubes and
is effective to impress a large-amplitude positive
impulse on the signal output terminal of the send-
ing apparatus each time-a marking impulse tube
in any of the banks fires and becomes conducting.

Obviously the control of the small- and the
large-amplitude impulse generating tubes 145 and
146 could be reversed to enable the symbol-repre~
senting control tubes to control the large-ampli-
tude impulse generating tube 146 and the mark-
ing impulse tubes to control the small-amplitude
impulse generating tube 145, thereby to produce
bursts of impulses containing different numbers
of large-amplitude impulses followed by a small-
amplitude impulse.

The various elements of these tubes, except the
control grids, have similar connections. The
cathodes 200 and 201 (Fig. 6) for the tubes 145
and 146, respectively, are connected to ground,
as are the suppressor grids 202 and 203. The
anodes 204 and 205 are supplied with positive po-
tential by a circuit starting from termina] 131,
which has a positive potential of 150 volts applied
thereto, and continuing over conductor 138, point
139, resistor 206 of 250 ohms, point 207, resistor
208 of 2,500 ohms, point 209, and conductor 218
to the anodes 204 and 205, to which conductor
210 is also connected the signal output terminal
211 for the sending apparatus. Point 207 in the
anode circuit is connected to ground over a ca-
pacitor of .1 microfarad to absorb any shock re-
sulting from an abrupt application or change of
potential in this circuit. As both tubes are nor-
mally conducting, their anodes will have a posi-
tive potential of approximately 40 volts due to
the resistors in their anode circuit. However,
when the current in either tube is reduced, the
potential of the anodes will rise.toward 150 volts,
depending upon the extent of the reduction in
the current in the tube. The screen grids 246
and 217 for these tubes are connected together
and over point 2{8, resistor 219 of 250 ohms, points
97 and 96, conductor 95, point 94, and conductor
93 to terminal 92, which has applied thereto a
positive potential of 105 volts.

The difference in the amplitude of the im-
pulses which are obtained from these tubes is
due to the control exerted by their control grids.
Control grid 220 for the small-amplitude im-
bulse generating tube (45 is given a zero bias
by means of a circuit which extends from the
adjustable potential divider 221 over point 222,
resistor 223 of 10,000 ohms, and point 224 to
the grid 226, Point 222 is connected to ground
over a capacitor of 8 microfarads to absorb the
shock of any abrupt change of potential in this
circuit. Control grid 225 for the large-ampli-
tude impulse generating tube 146 is given a zero
bias over a similar circuit extending from the
potential divider 226; however, the bias on this
grid is adjusted to have a lower positive thresh-
old than the grid 220 of the tube {45.

The terminal 103 (Fig: 6), upon which nega-
tive potential impulses are impressed as the sym-
bol-representing control tubes are fired, is con-
nected over conductor 102, point 01, and a ca-
pacitor 227 of 16 micro-microfarads to point 224,
to which the control grid 220 is connected. By
this connection, these negative impulses are able
to reduce the current through the tube i45 to
a. degree which will, due to the resistors 206 and
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208 in the dnode potential supply circuit, cause

the potential of the anode 204 to rise and provide -

a small-amplitude positive potential impulse on
the output terminal 211.

The terminal {23, upon which the negative
impulses are impressed as the marking impulse
tubes are fired, is connected over conductor 122,
point 121, and a capacitor 228 of 20 micro-micro-
farads to point 229, to which the grid 225 of the
tube 146 is connected. Due to the fact that the
grid of this tube is adjusted to have a positive
threshold of less value than the grid 220 of the
tube 145, these negative impulses have a greater
effect on the grid and will cause the grid 228
to reduce the current in the tube 146 to a smaller
amount than was the case with tube (48, and,
due to the resistors 206 and 208, the potential
of the anode 205 will rise a greater extent and
provide a large-amplitude positive potential im-
pulse on the output terminal 211,

In the .above manner, the negative potential
impulses which result from the firing of the sym-
bol-representing control tubes and marking im-
pulse tubes are used to control the creation of
the positive potential impulses of different am-
plitudes which make up the bursts sent from
the sending apparatus to the receiving appa~
ratus.

Symbol iransmission initiating and terminating
means

After the symbol-representing keys of the vari-
ous banks have been set to prime their corre-
sponding symbol-representing control tubes, the
transmission of these symbols is initiated Ly
momentary depression of the start key 230 (Fig.
6), which closes the energizing circuit for the
starting relay 23f. The circuit extends from the
terminal 232, upon which may be impressed any
desirable positive potential, to the point 233,
thence over the contacts 234 closed by the key
230, point 235, and over the winding of the start-
ing relay 231 to ground. When the starting re-
lay 231 is energized by the start key 230, it closes
a holding circuit for itself from terminal 232,
point 233, normally closed contacts 236, contacts
231 closed by the starting relay, point 235, and
over the winding of the starting relay 231 to
ground. This circuit will maintain the starting

relay in energized condition after the starting.

key has been released and until the normally
closed contacts 236 are opened by the energiza-
tion of the stop relay 238, in a manner to be
explained hereinafter, to terminate a transmit-
ting operation,

The starting relay 231 also closes contacts 239
to cause the firing of g start tube 240, which sends
a starting impulse to the starting impulse con-
ductor 80 (Fig. 1) of the first symbol-transform-
ing bank,

Starting tube 240 (Fig. 6) has its cathode 241 -

connected to ground over a resistor 242 of
15,000 ohms. Before the starting relay is ener-
gized, the control grid 243 of the starting tube
is given a negative potential bias of 150 volts by
means of a circuit which starts at the terminal
244, upon which is impressed a negative potential
of 150 volts, and continues over point 24§, con-
ductor 246, resistor 247 of 500,000 ohms, point
248, and resistor 249 of 500,000 chms to the grid
243. The anode 250 is also given a negative
potential of 150 volts hefore the starting relay
is energized, which potential is obtained through
a circuit from the point 248 in the grid circuit,
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over a resistor 281 of 300,000 ohms conductor
252, point 283, and resistor 254 of 2, 500 ohms,

‘When the startlng relay 231 closes its contact
239, positive potential is applied to the anode
280 over a circuit which starts at the terminal
92, upon which is impressed a positive potential
of 105 volts, and continues over conductor 93,
point 84, conductor 98, point 86, conductor 260,
contacts 239, point 261, resistor 262 of 250 ohms,
point 253, and resistor 254, When the positive
potential is applied to the anode 260 by the clos-
ing of the contacts 239, the circuit from point
283 to point 248 in the grid circuit causes the
positive potential to be applied to the grid 243
and causes its potential to change from 150 volts
negative to 9 volts positive. The application of
positive potential by the closing of the contacts
239 has caused the anode 250 of the start tube
to acquire a positive potential and the grid 243
to become more positive than the cathode 241,
which will cause the start tube 240 to fire and be-
come conducting.

Resistor 242 in the cathode circuit will cause
the potential of the cathode 241 to rise When
the tube 240 is conducting, and this rise is uti<
lized as the starting impulse for the first bank of
symbol-transforming tubes. The starting im-
pulse is derived from a potential-tapping mem-
ber 263 cooperating with the resistor 242 and
enabling the amplitude of the starting impulse
to be adjusted. Conductor 264 connects the po-
tential-tapping member 263 to the terminal 265,
which terminal is connected to the terminal 266
(Fig. 1), to which the starting impulse conductor
80 of the first bank of symbol-transforming tubes
is connected.

After the transmission of the symbols has
been initiated, the symbol-transforming banks
will be operable one after another in sequence
until the shift tube of the fifth bank has fired
and become conducting, The potential rise of
the cathode of this tube is utilized to fire a stop
tube 267 (Fig. 6), which causes the termination
of the transmission by energizing the stop relay
238 and thereby opening the holdmg circuit for
the start relay.

The cathode 268 of the stop tube is at ground
potential, being connected to ground over con-
ductor 269. The grid 270 is given a negative bias-
ing potential of 17 volts by being connected to a
potential supply circuit which extends from ter-
minal 244, which is supplied with a negative po-
tential of 150 volts, and continues over point 245,
conductor 271, resistor 272 of 150,000 ohms, point
213, resistor 274 of 20,000 ohms to ground over
conductor 269. The grid 270 is connected over
point 2715 and resistor 276 of 500,000 ohms to the
point 273 in the potential supply circiut.

A circuit extends from the point 275 over a
capacitor 277 of 100 micro-microfarads to the
terminal 218, which is connected to the terminal
279 (Fig. 5), to which the cathode of the shift
tube is connected. This circuit enables the po-
tential rise of the cathode of the shift tube of
the fifth bank to reduce the bias of the grid 218,
causing the stop tube to fire and termmate the
transmission.

The anode 280 of the stop tube 267 has positive
potential applied thereto when contact 239 is
closed by the starting relay. The circuit extends
from the terminal 92 and over the contacts 239 to
the point 261, as explained above, and then con-
tinues over conductor 281, resistor 282 of 500
ohms, the winding of the stop relay 238, and con-
ductor 283 to the anode 280. Until the stop tube -
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fires and becomes conducting, there will be no
current in the circuit which includes the wind-
ing of the stop relay 238; however, as soon as
the tube is fired and becomes conducting, cur-
rent will flow through the winding of the stop
relay 238, which will be energized and will open
the contacts 236. The contacts 236 will break
the holding circuit for the start relay 281, which
will be deenergized and will open contacts 237
and 239. Contact 237 will also interrupt the
holding circuit for the start relay 23{ to pre-
vent its reenergization when the contacts 236
close as the stop relay is deenergized. Contacts
239 open the anode circuit for the start and stop
tubes, extinguishing these tubes and deenergiz-
ing the stop relay. .

The operation of the stop tube 267, therefore,
causes the termination of the transmitting op-
eration and restores the starting controls to the
condition which existed prior to the operation of
the start key 230. )

RECEIVING APPARATUS
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The five bursts of positive potential impulses

which are impressed on the signal output termi-
nal 21t of the sending apparatus during a trans-
mitting operation are transmitted to and im-
pressed on a signal input terminal 330 (PFig, 14)
of the recelving apparatus. )

The receiving apparatus, shown in Figs. 7 to
14, inclusive, accepts these bursts of impulses one
after another and distributes them.to different
transforming and symbol-storing means. Each
transforming and symbol-storing means consists
of a group or bank of tubes, and the impulses
are effective to selectively render one of the tubes
of the group conducting, thereby te indicate and
store the symbol which the number of impulses
in the burst represents.

In order to set up a representation of the sym-
bols which are received, the receiving apparatus
contains discriminating means which receives al]

the transmitted impulses and is capable of dis-

tinguishing between the small-amplitude im-
pulses and the large-amplitude impulses; & plu-
rality of transforming and symbol-storing means
consisting of groups or banks of symbol-repre-
senting and -storing tubes which are operable to
transform the bursts of impulses into represen.
tations of the symbols; and routing means which
is operated each time a large-amplitude or mark-
ing impulse is received and is effective to route
the successive bursts into different transforming
and symbol-storing means.

Discriminating means
The discriminating means is shown in Fig. 14.

All of the signals which are impressed on the

input terminal of the receiving apparatus are
effective to control the discriminating means;,
which responds differently to the small-ampli-
tude and the large-amplitude impulses.

Part of the discriminating means is responsive
to both the small-amplitude and the large-am-
plitude impulses which are received and is capa-
ble of impressing a like number of impulses on

-8 commeon impulse conductor in the receiving ap-
paratus.

Another part of the discriminating means is
responsive only to the large-amplitude or mark-
ing impulses and is effective to send an impulse
to a routing control device to cause an operation
thereof each time a marking impulse is received.
This part of the discriminating means detects the
large-amplitude marking impulse which indi.
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cates the end of a burst and causes the routing
means to route the next burst to another sym- -
bol-storing group of tubes. .

The part of the discriminating means which is
responsive to all the recetved impulses consists
of a palr of vacuum tubes 300 and 304 (Fig. 14),
of which the tube 300 is affected by all the posi-
tive potential impulses which are received from
the sending apparatus, and the tube 301 is con-
trolled by the tube 300 and serves to change the
phase of, and amplify, a series of potential im-
bulses formed by the operation of the tube 300
and to impress the amplified impulses on a com-
mon impulse conductor in the receiving appa-
ratus.

Tube 300 is normally non-conducting because
of the bias on its control grid 302, but is ren-
dered conducting each time a positive potential
impulse is impressed on the control grid.

The potential supply circuit for the cathode
303 of the tube 300 starts at termina] 304, upon
which is impressed a positive potential of 150

_volts, and continues over conductor 305, points

306 and 307, the variable resistor 308 of 10,000
ohms, resistor 309 of 5,000 ohms, point 310, and
over the resistor 311 of 1,000 ohms and capacitor
312 of .1 microfarad in parallel to ground. The
cathode 303 is connected to point 310 and may
be given a positive potential of from 8 to 25 volts,
depending upon the adjustment of the resistor
308. The screen grid 313 also derives its poten-
tial from terminal 304 by means of a circuit
which is the same as the circuit traced above to
point 307 and then extends over conductor 314,
resistor 315 of 10,000 ohms, points 316 and 317,
and over resistor 318 of 25,000 ohms to ground.
The screen grid 313 is connected in this circuit
at point 31T and is given a potential of 43 volts.
A circult also extends from point 316, over con-
ductor 319, point 320, and capacitor 32f of .1
microfarad to ground to absorb the shock of any
abrupt application or change of potential in this
circuit. The suppressor grid. 822 is connected to
ground over conductor 323.

‘The control grid 302 is-connected to a circuit
extending from the signal input termina] 330,
over point 331, capacitor 332 of 250 micro-micro-
farads, resistor 333 of 10,000 ochms, and point 334
to ground over conductor 323. A potential-tap-
ping member 335 cooperates with the resistor 333
to enable the grid 302 to be connected to this cir-
cuit. Control grid 802 is normally at ground po-
tential and prevents conduction in the tube 300
unti] the positive Impulse is impresged on the
signal input terminal 330 and raises the poten-
tial of the grid 302 to allow conduction to take
place in the tube,

The anode 336 of the tube 300 has a normal
positive potential of 150 volts applied thereto
over a circuit extending from terminal 304, con-
ductor 308, point 331, resistor 338 of 15,000 ohms,
conductor 338, and point 340. As the tube 300
becomes conducting, the potential of the anode
336 will drop, due to the resistor 338, and this po-
tential drop is impressed on the control griq 341
of the tube 301 to control the conduction in that
tube.

The potential of the cathode 303 and the ef-
fect of the input signal impulses on the control
grid 302 can be regulated by the adjustable re-
sistor 308 angd the potential-tapping member 335,
respectively, to enable the tube 300 to respond
properly to both the small-amplitude and the
large-amplitude positive impulses impressed on
the signal input terminal 330, :
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The phase-changing and -amplifying tube 30t
has g Zero bias and is, accordingly, normally con~
ducting. The cathode 342 of this tube is con-
nected directly to ground. A positive potential of
105 volts is applied to the screen grid 343 of this
tube by means of a circuit starting at terminal
344, upon which is impressed & positive potential
of 105 volts, and continuing over conductor 3489,
" point 346, and conductor 341.

The circuit by which potential is supplied to
the anode 348 starts at terminal 304 and extends
over conductor 805, point 349, conductor 350, re-
sistor 351 of 500 ohms, point 852, and resistor 383
of 5,000 ohms to the anode 348, Since the tube
is normally conducting, its anode 348 will be at
approximately 50 volts due to the resistors 381 and
353 in the anode circuit. However, this potential
will rise toward 150 volts as the conductivity in
the tube is reduced by the control grid 341.

The control grid 341 is normally at ground po-
tential, being connected to ground over point 354
and resistor 355 of 10,000 ohms. Point 354 in this
circuit is electrostatically connected, through &
capacitor 356 of 200 micro-microfarads, to the
point 340 in the anode circuit for the tube 300,
which connection enables the negative potential
impulses caused by the conduction in tube 300
to be impressed on the control grid 341 to reduce
conduction in tube 30f.

A potential-tapping member 357 cooperates
with the resistor 353 in the anode potential sup-
ply circuit for tube 361 and enables the positive
potential rise in this circuit, because of the poten-
tial rise of the anode 348, to be impressed on the
common impulse conductor 360 (Fig. 12) in the
receiving apparatus. The connection is from
the current-tapping member 357 to the terminal
358, which terminal is connected to the terminal
359 (Fig. 12), to which the common impulse con-
ductor 360 is connected.

This part of the discriminating means, there-
fore, is operated in response to both the small-
amplitude and the large-amplitude impulses and
impresses an impulse on the common impulse con~
ductor 360 each time a small-amplitude impulse
or g large-amplitude impulse is received at the
signal input terminal 330.

The other part of the discriminating means also
contains two vacuum tubes, 366 and 367, and is
similar to the part described above. However,
tube 366 is responsive to only the large-amplitude
or marking impulses and controls the phase-
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21 and 30 volts impressed therein, depending upon
the adjustment of resistor 314,

The control grid 3719 is connected to a circuit
extending from the signal input terminal 330,
over point 331, capacitor 380 of 250 micro-micro-
farads, resistor 381 of 10,000 ohms, point 382, and
conductor 383 to ground. Control grid 379 is con-
nected to this circuit over resistor 384 of 75,000
ohms and potential-tapping member 385 and is
normally at ground potential.

The potential of the cathode 314 and the ef-
fect of the input signal impulses on the control
grid 379 can be regulated by the adjustment of
resistor 314 and the potential-tapping member
388, respectively, so as to prevent the small-am-
plitude impulses from affecting the tube and al-

low only the large-amplitude impulses to cause

conduction to occur in the tube 388.
Whenever tube 368 is rendered conducting, the
potential of its anode 368 will drop due to re-

- sistor 386 of 15,000 ohms in the anode potential
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changing and -amplifying tube 367 to cause an -

impulse to be impressed on an impulse conductor
for a routing control device each time a large-
amplitude impulse is received.

Tube 366 is normally non-conducting but is
rendered conducting each time a large-amplitude
impulse is impressed on the input terminal.

The potential-supplying circuits for the anode
368, the screen grid 369, and the suppressor grid
370 are similar to those given above for tube 300
and provide these elements with positive poten-
tials of 150 volts and 43 volts and ground po-
tential, respectively.

_The cathode 371 is supplied with positive po-
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tential from terminal 304 by a circuit extending

over conductor 305, point 306, conductor 312, re-
sistor 313 of 15,000 ohms, adjustable resistor 374
of 10,000 ohms, resistor 315 of 5,000 ohms, point
816, and over resistor 37T of 5,000 chms and ca~-
pacitor 318 of .1 microfarad in parallel to ground.
The cathode 371 is connected to this circuit at
point 316 and has a positive potential of between

70
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supply circuit. A connection from point 387 in
the anode potential supply circuit, over a ca~
pacitor 388 of 200 micro-microfarads to point 389,
to which the control grid 390 of tube 367 is con-
nected, enables the anode potential drop to con-
trol conduction in tube 8617.

The phase-changing and -amplifying tube 367
of this part of the discriminating means also has
& zero bias and is normally conducting. The
circuits for supplying potential to the control
grid 390, the cathode 391, the anode 392, and the
screen grid 393 are similar to those explained
above for corresponding elements of tube 301.
Since the tube 367 is normally conducting, its
anode will normally have a potential of approxi-
mately 50 volts due to the resistors in the anode
circuit. Each time a large-amplitude impulse
is impressed on the receiving apparatus, tube 366
will become conducting and, through the con-
nection between points 387 and 389, will impress
a negative impulse on the grid 390, causing the
grid 390 of tube 367 to acquire a negative poten-
tial and reduce conduction in this tube, thereby
causing the potential of the anode 392 to rise to-
ward 150 volts. A potential-tapping member 394
cooperates with resistor 395 of 5,000 ohms in the
anode circuit and enables the potential rise in
this circuit, as conduction in the tube is decreased,
to be used as a positive potential impulse. Termi-
nal 386, which is connected to the tapping mem-
ber 394, is also connected to terminal 397 (Fig.
13}, to which is connected an impulse conduc-
tor for the routing control device upon which
the positive potential impulses are impressed.

This part of the discriminating means can send
an impulse to control the routing means each
time a marking impulse is received.

The discriminating means as a whole, there-
fore, enables the different amplitudes of the in-
put impulses to be utilized to provide different
controls for the receiving apparatus.

Transforming and symbol-storing means

In the disclosed embodiment, the recetving ap-
paratus contains flve hanks of transforming and
symbol-storing means; however, the number of
banks may be increased or decreased if desired.
The five banks are shown in Figs. 7 to 11, in-
clusive, and are given the reference numerals
“L” “IL” “IIL” “IV,” and “V” to indicate the
order in which they operate and the symbols
which they will store. Since the circuits for the
various banks are similar, the operation of all the
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banks will be clear from a description of one of
the banks. .

Referring to Plg. 7, which shows the bank for -

transforming the first burst of impulses into a
single representation of a symbol and for stor-
ing this symbol, it is seen that a bank of trans-
tforming and symbol-storing means contains a
plurality of gaseous electron tubes of the same
type as those used in the sending apparatus. Of
the plurality of gaseous electron tubes in the bank,
there is a presetting tube “Preset,” which is fired
before reception takes place, s marking impulse
tube “Mark,” a space symbol tube “Space,” and
a tube for each of the letters “A” to “Z” inclu-
sive, although in this figure the tubes for the
letters “B” to “W” inclusive have been omitted
to simplify the showing of the bank, as their
circuits are identical with those for the other
tubes and an understanding of the operation of
the bank can be had from the circuits shown.

The presetting tube “Preset” in the bank is fired
before reception begins in the receiving appara-
tus, and {s used to clear the bank of any previ-
ously stored symbol and to insure that the sequen-
tial firing of the tubes in a bank, in response to
the impulses of a burst, will always begin with
the same {ube, which, in the instant embodiment,
is the-marking impuise tube “Mark.”

The marking impulse tube is not a symbol-rep-
resenting tube but is included in the bank be-
cause a marking Impulse is a part of every burst
and the discriminating means impresses -the
marking impulse on the banks along with the
different numbers of small-amplitude impulses,
and it is therefore necessary to include this tube
in the bank, so that the symbol-representing
tubes will show the correct symbol at the end of
a burst of impulses. .

The tubes in the bank are connected for sequen-
tial firing beginning with the presetting tube,
then the marking impulse tube, and next the tubes
for the space symbol “Space” and the letters “A”
to “Z,” in that order, which, it will be noted, is
the reverse order from the order in which the
symbol-transforming control tubes in the sending
apparatus are fired. The marking impulse tube
and the symbol-storing tubes are fired one after
another in response to impuilses relayed to a fir-
ing impulse conductor from the common impulse
conductor 360. As each tube in the sequence is
fired, it extinguishes any previously conducting
tube, the last tube to be fired in any bank remain-
ing conducting and serving to provide for the
storage of a single representation of the symbol
represented by the number of impulses in the
burst.

The tubes which are conducting in the various
banks at the end of a transmitting operation can
be inspected to directly show the symbols stored
in the various banks, can be used to control a
remote indicating or recording apparatus, or can
be used to directly transfer the symbols to other
storing means.

The circuits for supplying the potentials and
operative connections between the tubes of a
bank are as follows:

Negative potential is supplied to the cathodes
of the tubes of this bank (Fig. 7) by means of
parallel circuits, one for each tube, extending to
ground from a negative potential conductor 400,
to which a negative potential of 150 volts is ap-
plied at terminal 40f, The circuit for the “Y”
tube is representative and extends from the sup-
ply conductor 400 at point 402, over resistor 403
of 150,000 ohms, point 404, resistor 405 of 100,000
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ohms, points 408, 407, and 408 and {o ground ovet
resistor 409 of 15,000 ohms in parallel with re-
sistor 419 of 2,500 ohms and capacitor 411 of .001
microfarad in series. Cathode 412 of the “¥Y”
tube is connected to this circuit at point 467 and
has a negative potential of approximately 8 volts
when the tube is not conducting, When the tube
is conducting; the potential of the cathode 412
will rise to a posiiive potential of about 50 volts.

The “Z” tube, the last tube in the sequence,
has a cathode potential supply circuit which is

"equivalent to the other circuits. This circuit ex-

. tends from point 418 on the potential supply con-
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ductor 400, over resistor 416 of 250,000 ohms,
points 4171 and 418, and to ground over resistor
419 of 15,000 ohms in paralle] with a resistor 428
of 2,600 ohms in series with a capecitor 421 of
.001 microfarad. Cathode 422 of the “Z” tube
is connected to this circuit at point 447,

The cathode potential supply circuits for all
the tubes except the “Z” tube are used to supply
negative biasing potential for the control grids of
the tubes next in the sequence, the connection
being from the cathode circuit of one tube to the
control grid of the next tube in the sequence.
These connections enable the sequential firing of
the tubes by utilizing the potential rise of the
cathode of one tube to prime the next tube to
be operated, so that the next tube may be fired
and rendered conducting when the next impulse
is impressed on the firing impulse conductor 4283.
The grid of the “Z” tube, for instance, is connect-
ed over resistor #28 of 50,000 ohms, point 421,
resistor 428 of 500,000 ohms, point 429, and con-
ductor 430 to poini 404 in the cathode potential
supply circuit for the “Y” tube, from which point
it derives a normal negative biasing potential of
65 volts when the “Y” tube is not conducting.
When the “Y” tubes becomes conducting and
its cathode potential rises, it will cause the bias-

- ing potential of the grid of the “Z’ tube to be

reduced to almost its critical point, so that the

" “Z” tube can respond to the next firing impulse
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which is impressed on the bank, A capacitor 43
of . 250 micromicrofarads connects point 429 in
the grid circuit with point 406 in the cathode
eircuit to speed up the application of the poten-
tial rise on the grid of the “Z” tube when the
“Y” tube becomes conducting.

The presetting tube “Preset,” heing the first
tube in the series, does not have its control grid
connected to a cathode potential supply ecircuit,
but has a negative biasing potential of 64 volts
supplied thereto by an equivalent circuit extend-
ing from point 432 on the conductor 400, over
resistor 433 of 120,000 ohms, points 434 and 438,
and resistor 436 of 90,000 ohms to ground, to
which the control grid 437 is connected at point
438,

The grids of the tubes in the sequence from the
marking impulse tube to the “Z” tube are elec-
trostatically coupled to the firing impulse con-
ductor by means of capacitors of 10 micro-micro-
farads, as capacitor 438, by which point 4271 in
the grid circuit of the “Z” tube is connected to
the firing impulse conductor 423, The firing im-
pulse conductor #23 extends from the terminal
424, and this terminal is connected to terminal
428 (Fig. 12) of the relay means which relays
the impulses from the common impulse conduc-
tor 380 to this bank. The normal negative bias
of the grids of these tubes will normally render -
the firing impulses ineffective to cause the firing

,of the tubes; however, if any tube has been

primed by the conduction in another tube im
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the sequence, the bias of the grid of the primed
tube will have been reduced sufficiently that the
firing impulse can cause that tube to fire and be-
come conducting. . )

The anodes of the tubes of this bank are con-
nected to a common anode supply conductor 439,
which is connected over resistor 440 of 2,000 ohms
to terminal 444, which has a positive potential
of 75 volts applied thereto.

- The presetting tube “Preset” is fired by a cir-
cuit which may be closed by any convenient
means prior to the reception of data. For sim-
plicity in the diagram, the circuit is shown closed
by a presetting key 442. The circuit starts at
terminal 443, upon which a positive potential of
150 volts is impressed, and continues over con-
ductor 444, key 442, conductor 445, resistor 446 of
167,000 ohms, to point 434 in the circuit for the
control grid 437. When this circuit is closed by
the key 442, it applies positive potential to the
grid and causes its potential to become more posi-
tive than the cathode, which causes the tube to
fire and become conducting.

The operation of the bank is as follows:

The presetting tube “Preset” is fired by clos-
ing the presetting key 442 before reception of
data takes place. The firing of this tube ex-
tinguishes any previously conducting tube in the
bank and primes the marking impulse tube, so
that the first impulse of the burst which is relayed
to the firing impulse conductor 423 of the bank
will cause the marking impulse tube to be fired
and become conducting. The firing of the mark-
ing impulse tube will extinguish the preset tube,
and conduction in the marking impulse tube will
prime the space symbol tube “Space.” The sue-
ceeding impulses of the burst will-fire the tubes
“Space,” “A,” “B,” “C,” and so on, depending upon
the number of impulses in the burst. After the
last impulse in the burst has fired g tube, that
tube will remain conducting and will thereby
store the symbol and provide a visual indication
of the symbol which was represented by the burst.
The potential of the cathode of this conducting
tube will be positive, and this will be the only tube
in the bank having its cathode at a positive po-
tential. Conductors as 450, extending from the
cathodes of the symbol-representing tubes, can
be sensed by any suitable means for this condi-
tion and can control a remote indicating or re-
cording mechanism or can be used to control the
direct transfer of the setting of the bank to
another storage means.

The other banks for transforming and stor-
ing the second, third, fourth, and fifth symbols
operate exactly as this bank. These banks are
prepared by the presetting keys 451, 552, 453,
and 454 (Figs. 8, 9, 10, and 11), which cause the
presetting tubes to be fired. The circuits for
firing the presetting tubes are shown closed by
individual keys for simplicity in the showing of
the circuits, but it is obvious that all these cir-
cuits could be closed by contacts of a single pre-
setting relay or by some other similar construc-
tion. -

The firing conductors 455, 456, 457, and 458 for
the “IL,” “IIL,” “IV,” and “V” banks (Pigs. 8, 9,
10, and 11) are connected to terminals 459, 460,
461, and 462, which terminals are connected to
terminals 463, 464, 465, and 466, respectively (Fig.
12), of the relay means for the various banks.

As the relay means for the various banks be-
come operative one after another to relay impulses
to the firing conductors, the tubes in the various
banks will be fired in sequence, and, at the end
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of the receiving operation, the bursts of impulses
will have been transformed into single represen-
tations of the symbols and those tubes in the sev-
eral banks will be conducting which correspond
to the symbols set up on the keys in the sending
apparatus. .

Routing means

Routing means, comprising relay means and
a routing: control device, are provided in the re-
celving apparatus to route the successive bursts
of impulses into the different banks of transform-
ing and symbol-storing means.

‘A plurality of relay means, one for each bank
of transforming and symbol-storing means, are
used to selectively relay the impulses from the
common conductor 360 to the firing impulse con-
ductors of different banks of transforming and
symbol-storing means. The several relay means
ale normally unresponsive to the impulses on the
common impulse conductor 360 but can be suc-
cessively “primed” or made responsive under con-
trol of the routing control device so that different
relay means will be responsive to the successive
bursts of impulses and can cause the successive
bursts of impulses to control the setting of the
symbols in the various banks.

The routing control device (Fig. 13) includes a
control tube for each relay means, and these con-
trol tubes, which are gaseous electron tubes of the
same type as those used in the sending apparatus,
are connected for sequential step-by-step opera-
tion each time a marking impulse is received. As
each control tube is fired and becomes conduct-
ing, it extinguishes any previously conducting
control tube of the device; primes its related re-
lay means to render it effective to relay impulses
from the impulse conductor 360; and primes the
next control tube in the sequence so that it will
fire and become conducting when the next mark-
ing impulse is received.

Inasmuch as the marking impulses follow the
small-amplitude impulses in-a burst, it is neces-
sary to fire the control tube for the first bank be-
fore the first burst is received. The firing of the
first control tube will extinguish any previously
conducting control tube which might have re-
mained conducting from a previous operation of
the device, and insures that the first burst of im-
pulses will be entered in the first bank of trans-
forming and symbol-storing means.

The routing control device is shown in Fig. 13,
in which the control tubes are given the refer-
ence numerals “L” “ITI,” “IIL,” “IV,” and “V” to
indicate with which of the bursts they are opera-
tive. As the circuits for the various control tubes
of the routing control device are similar, it is be-
lieved that the operation of the device will be clear
from a description of representative circuits.

Potential is supplied to cathode 410 of the “I”
control tube by a circuit which has two branches,
one of which is also utilized to supply a negative
biasing potential for the relay means related to
the “I” control tube, and the other of which is
also utilized to supply negative biasing potential
to the control grid 471 for the “II” control tube.
The one branch extends from a negative poten-
tial supply conductor 472, to which a negative po-
tential of 150 volts is applied at terminal 473, and
continues over point 474, resistor 415 of 390,000
ohms, point 476, resistor 417 of 150,000 ohms, to
points 478, 479, and 480. ‘The other branch ex-
tends from the potential supply conductor 412 at
point 482 and continues over resistor 483 of
300,000 ohms, point 484, and resistor 485 of 200,000
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ohms to the points 479 and 480. From the points
419 and 480, the two branches continue to ground
over resistor 486 of 15,000 ohms in paraliel with
resistor 48T of 2,500 ohms and capacitor 488 of
.002 microfarad in series. The cathode #10 is
connected at point 479 in this circuit and is given
a negative potential of approximately 9@ volts
whenever the tube is not.conducting. When the
tube is conducting, the electron discharge enables
a positive potential applied to the anode to be ap-
plied to the cathode and will cause the potential
of the cathode to rise to a positive potential of
about 50 voits.

A circuit extends from point 476 in said one
branch and continues over conductor 489, point
480, conductor 491, and terminal 492, which is
connected to terminal 493 (Fig. 12) and supplies
a negative biasing potential of about 50 volts to
the relay means for the first bank of transform-
ing and symbol-storing means. This circuit also
enables the potential rise of the cathode 470, due
to conduction in the control tube, to be used to re-
- duce the negative bias or “prime” the relay means.

A capacitor 4984 of 50 micro-microfarads is con-
nected between points 478 and 490 to cause the
change in potential to be applied rapidly when
the relay means is primed by the potential rise
of the cathode.

A circuit extends from said other branch of the
cathode potential supply circuit at point 484 and
continues over resistor 435 of 500,000 ohms, point
496, and resistor 487 of 50,000 ohms to grid 411 of
the “II” control tube to supply this grid with a
normal negative potential of about 65 volts. This
circuit enables the “II” tube to be primed by hav-
ing this negative potential reduced to 30 volis by
the potential rise of cathode 470 when the “I”
tube is conducting.

Grid 411 of the “II” tube Is connected over
point 496 and capacitor 50! of 10 micro-micro-
farads to an impulse conductor 5§02, which is con-
nected to terminal 397, upon which is impressed
a positive Impulse by the discriminating means
each time a marking impulse is received. These
positive impulses will not be able to flre any of
the tubes unless the tube which is to be ﬂred has
been primed.

The “I” tube is the first tube in the sequence,
and its grid 503 can not derive its negative bias
from the cathode potential supply circuit of a
preceding tube. A circuit extending from point
504 on conductor #4712, and over resistor 505 of
150,000 ohms, point 506, and resistor 367 of
100,000 ohms to ground, supplies grid 563 with a
negative biasing potential of 60 volts over point
506 and resistor 508 of 500,000 ochms.

Since the routing control tubes are fired in re-
sponse to marking impulses which occur after the
small-amplitude impulses of the bursts, the “I”
routing control tube must be fired from a differ-
ent source before the first burst is received, in or-
der that the relay means for the first transform-
ing and symbol-storing hank can be primed and
will respond to all the impulses of the first burst.
This may be accomplished in any convenient
manner; for instance, a presetting key 508 (Fig.
13) can close a circuit starting from terminal 510,
upon which a positive potential of 150 volts is im-
pressed, and continuing over the key 508, resistor
514 of 167,000 ohms to point 506 in the circuit of
grid 503. The application of this positive poten-
tial to the grid 503 will reduce the negative bias
of the grid and cause the tube to fire and become
conducting, thereby rendering the relay means
for the first bank of transfoerming and symbol-

10

18

43

50

58

60

85

70

(4]

2,426,307

28

storing means operative and preparing the “IT"
routing control tube for firing in response to the
marking impulse of the first burst, The circuit
closed by key 8508 may be closed by a presetting
relay along with the presetting circuits of the
transforming and symbol-storing banks, as ex-
plained earlier herein. )

Potential is applied to the anode §1§ of the
“I" tube by means of a circuit starting at terminal
516, upon which is impressed a positive potential
of 75 volts, and extending over resistor §17 of 250
ohms, point 518, resistor 5(9 of 2,000 chms, and
conductor 520, to which anode 518 is connected.
The anodes of the other tubes are also connected
to conductor 8§20, and, when none of the tubes is
conducting, the potential of the anodes will be 75
volts, but, when any tube is conducting, this po-
tential is reduced to 65 volts due to the resistors
517 and 519. Point 818 in this circuit is con-
nected to ground over a capacitor of 8 microfarads
to absorb the shock of an abrupt application or
change in potential in this circuit. The common
resistance in the anode potential supply circuit
enables the firing of any tube of the routing con-
trol device to extinguish conduction in any previ-
ously conducting tube in the device in the manner
explained earlier herein.

From the above description, it ig clear that the
control tubes in the routing control device will be
fired one after another as the successive bursts
are received, and will prime the relay meang for
the several banks one after another in succes-
sion.

The relay means are shown in Fig. 12 and con-
sist of a pair of vacuum tubes for each trans-
forming and symbol-storing bank, which relay
means have been given the reference numerals
“I." (III’" (lm’” UI’V’" and UV" to indicate w‘th
which bank of transforming and symbol-storing
tubes they are related and also to indicate the
order in which they operate. A description of the
relay means shown at “I” in Fig. 12 will be given,
and, as the relay means for the other banks are
similar, it is believed that an understanding of
these means and their operation will be clear
from this description.

Tubes 825 and 526, which constitute the means
for relaying impulses from the common impulse
conductor 360 to the first bank of transforming
and symbol-storing tubes, are normally inoper-
ative to relay the positive impulses from the com-
mon impulse conductor 368, because the control
grid 827 of tube 525 is normally given a negative
bias which the positive impulses cannot overcome.
The tube 525 is “primed” by having the negative
bias of its grid 521 reduced, and in this condition
the tube can respond to the positive potential
impulses on the common impulse conductor 360

‘and can cause the impulses to be relayed to the

firing impulse conductor 423 for the first bank
of transforming and symbol-storing tubes.

The cathode §28 of tube 525 is connected to
ground over point 529. The anode 830 of this
tube 525 {s given a positive potential ot 150 volts
over a circuit starting at terminal §3(, upon which
is impressed a positive potential of 150 volts, and
continuing over potential supply conductor 532,
point 533, resistor 534 of 500 ohms, point 538,
resistor 536 of 5,000 ohms, and point 537 to the
anode 530. The screen grid 538 is given a normal
positive potential of 150 volts by being connected
to point 5§35 in the above anode circuit.

The control grid 8§27 is connected over point
839 and resistor 540 of 10,000 ohms to terminal
493, which, as explained bhefore, is given a nega-
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tive biasing potential of about 50 volts from one
branch of the cathode potential supply circuit for
the “I” routing control tube.
827 is also connected electrostatically to the com-
mon impulse conductor 360 from point 538 over
a capacitor 54! of 100 micro-microfarads. The
potential on the grid 527 is normally sufficiently

negative that the tube 525 is not responsive. to-

the positive potential impulses on the impulse
conductor 360, but, when the “I” control tube of
the routing control device is conducting, the po-
tential rise of its cathode #4710 will reduce the
negative potential of grid 527, or “prime” the tube
525 so that it will be capable of responding to
the impulses on conductor 360 and become con-

ducting each time an impulse occurs on that.

conductor,

Whenever tube 525 becomes conducting, the
potential of its anode 536 will drop due to the
resistors 534 and 536 in its anode potential supply
circuit, and, through an electrostatic connection
from point 537 over capacitor 542 of 100 micro-
microfarads and point 556, this drop is applied as
a negative potential impulse on the control grid
of the phase-changing and -amplifying tube 528.

Tube 526 is a zero-biased tube and is normally

conducting. This tube has its cathode 544 di-
rectly connected to ground; its screen grid 548
connected over resistor 546 of 500 ohms, point
547, and conductor 548 to terminal 549, to which
is applied a positive potential of 105 volts; and
its control grid 5§85 connected to ground from
point 556 over resistor 557 of 10,000 ohms, and
also electrostatically connected to the anode 530
of tube 525, as explained above.

The anode 558 of the phase-changing and -am-
plifying tube §26 is connected over resistor 5§59 of
5,000 ohms to point 560 on the potential supply
conductor 532, which is connected to terminal
531, to which is applied a positive potential of 150
volts. As this tube is normally conducting, anode
558 will normally have a potential of 50 volts, but,
whenever a negative potential impulse is im-
pressed on the control grid 555, conduction in the
tube will be reduced and the potential of the
anode will rise. A potential-tapping member 561
cooperates with resistor 559 to enable this rise to
be utilized as a positive potential impulse which
is impressed on the firing impulse conductor 423
of the first bank of transforming and symbol-
storing means to cause the firing of the tubes in
that bank. The connection from the potential-
tapping member 561 to the firing impulse con-
ductor extends from the potential-tapping mem-
ber 561 over conductor 562 to terminal 425, which,
as explained above, is connected to terminal 424
(Fig. T, to which the firing impulse conductor
423 is connected.

The other relay means will, when effective,
relay impulses from the common impulse con-
ductor 360 to the firing impulse conductors of
their respective banks.

Terminals 563, 564, 565, and 566 (Fig. 13),
which are connected to terminals 567, 568, 569,
and 570, respectively (¥ig. 12), supply biasing po-
tential to the various relay means and enable the
“I,” “IIo” “IV,” and “V” control tubes of the
routing control device to prime the relay means
one after another.

As explained earlier hereln, terminal 463 (Fig.
12) is connected to terminal 459 (Fig. 8), to which
the firing impulse conductor 455 for the second
bank is connected, and enables the relay means
to impress as many firing impulses on this con-
ductor as there are impulses in the second sym-

The control grid
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bol-representing burst of impulses impressed on
conductor 360.

Similarly, termlnals 464, 465, and 468 (Fig. 12)
are connected to terminals 460, 461, and 462 of
Figs. 9, 10, and 11, respectively, to enable the
third, fourth, and fifth bursts of impulses to be

" relayed to the firing conductors 458, 467, and 458
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of their respective banks of transforming and
symbol-storing means.

~ Thus, by the operation of the routing means,
the successive bursts of impulses which are re-
ceived are automatically sent to the proper banks
of transforming and symbol-storing means,
where the bursts are transformed into single rep-
resentations of the various symbols and are stored.

OPERATION

In the operation of applicants’ novel communi-
cation system, the symbols making up the data
to be transmitted are set up on the plurality of
banks of symbol-representing keys in the sending
apparatus. These keys control banks of gaseous
electron tubes to control the number of impulses
that will be included in the various bursts which
will be used to represent the symbols. A start

. key is depressed to start the automatic and se-
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quential firing of the tubes in each of the banks
in succession, and as the tubes in the banks are
fired, they cause a signal-generating means to
send out bursts of impulses, each burst contain-
ing a number of small-amplitude impulses and a
large-amplitude, marking impulse. The bursts
of impulses .are sent out at & high rate of speed,
one after another, over a single communication

5 channel to the receiving apparatus. With the

values given herein for the resistors and capaci-
tors in the various circuits, the impulses are gen-
erated at a rate of about 50 kilocycles and the
time interval between bursts is about 100 micro-
seconds.

The receiving apparatus is “preset” or pre-
pared for reception by firing, in any convenient
manner, a “presetting” tube in each of the plu-
rality of banks of transforming and symbol-
storing tubes and by firing the first control tube
of the routing control device. This presetting
operation clears the receiving apparatus of any
symbols which remained therein from a previous
operation, and conditions the routing control de-
vice to prime the relay means for the first bank
of transforming and symbol-storing tubes so
that the flrst burst of impulses will be routed
to that bank.

As the bursts of impulses are received by the
recelving apparatus, the discriminating means
passes-them to the relay means for the various
banks of transforming and symbol-storing tubes.
The discriminating means also distinguishes be-
tween the small- and large-amplitude impulses
of a burst and causes the routing control device
to operate and prime the relay means for the
next bank when the large-amplitude impulse is
received, so that the next burst of impulses will
be routed to the next bank of transforming and
symbol-storing tubes. In this manner, the relay
means are primed one after another as the bursts -
are received, and cause the various bursts to be
relayed to the proper banks of transforming and
symbol-storing tubes.

The impulses relayed to the various banks of
transforming and symbol-storing tubes will cause
the step-by-step operation of the tubes of the
banks to transform the different numbers of im-
pulses in the bursts into single representations
of the symbols, so that, at the end of the receiv-
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ing operation, those tubes which have been fired -

and remain conducting in the various banks will
correspond to the keys which were set in the
sending apparatus and will provide an indica-
tion of the symbols making up the data whlch
has been transmitted and recefved.

Applicants’ novel communication system,
therefore, transforms data into bursts of differ-
ent numbers of rapldly recurring discrete signals
and transmits the bursts of signals to a receiving
apparatus where they are transformed back into
representations of the data.

While the form of the invention herein shown
and described is admirably adapted to fulfill the

objects primarily stated, it is to be understood.

that it is not intended to conflne the invention
to the one form or embodiment herein disclosed,
for it is susceptible of embodiment in various
forms all coming within the scope of the claims
which follow.

The claims of this application are drawn to
the communication system. A divisional appli-
cation, Serial No, 523,024, flled February 19, 1944,
contains claims to the sending apparatus per se,
while another divisional application, Serial No.
523,025, filed February 19, 1944, contains claims
to the receiving apparatus per se.

What is claimed is:

1. A communication system in which different
numbers of signals are assigned to represent
different symbols which may be transmitted and
which comprises & sending station and a recefv-
ing station; electronic means at the sending
station for generating signals at a supersonic fre-
quency, while signals are generated in uniformly
spaced bursts of different numbers of rapidly
recurring signals according to symbols being
transmitted; means to transmit the bursts of sig-
nals one after another over g single communica-
tion channel to the recelving station; and elec-
tronic means at the receiving station, responsive
to signals having supersonic frequency, and con-
trolled by the number of signals in the various
bursts as they are received, to set up direct rep-
resentations of the symbols to which the different
numbers of signals have been assigned.

2. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmitted and
which comprises a sending station and a receiv-
ing station; presettable means at the sending sta-
tion for setting up a plurality of symbols to be
transmitted; means at the sending station con-
trolled by the presettable means for generating
uniformly spaced bursts of supersonic signals,
each burst containing the required number of sig-
nals assigned to the particular symbol which it
represents; means to transmit the bursts of sig-
nals one after another over a single communica-
tion channel to the receiving station: a plurality
of means at the recelving station, each of said
plurality of means being responsive to the super-
sonic signals in a different one of the bursts, and
being differentially operated according to the
number of signals to set up direct representations
.of the symbols to which the different numbers of
signals in the bursts have been assigned; and

means at the recelving station to receive the suc- -

cessive bursts of signals and route them to con-
trol different ones of the plurality of means,

3. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmifted and
which comprises a sending station and a receiv-
ing station; means at the sending station to set
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up & plurality of symbols to be transmitted; elec~
tronic means controlled by the set-up means for
automatically generating uniformly spaced bursts
of different numbers of supersonic signals accord-
8§ ing to symbols being transmitted, each burst ter-
minating with a distinctive marking signal;
means to transmit the bursts of similar signals
together with their related marking signals one
after another over a single communication chan-
nel to the receiving station; a plurality of differ-
entially operable electronic means at the recelv-
ing station, each differentially operable electronic
means being responsive to the number of signals
in a different one of the bursts, to transform the
bursts of similar and marking signals into direct
representations of the symbols to which the dif-
ferent numbers of signals have been assigned; and
means in the recelving station responsive to the
marking signals to cause the various ones of the
differentially operable electronic means at the
receiving station to be operated In sequence by
the burst of signals to set up the direct repre-
sentations of the symbols.
4. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmitted and
which comprises a sending station and a receiv-
ing station; means at the sending station to set
up a plurality of symbols to be transmitted;
means including electron tubes at the sending
station for transforming the symbols one after
another automatically into uniformly spaced
bursts of different numbers of rapidly recurring
signals according to symbols being transmitted;
means to transmit the bursts of signals one after
another over a single communication channel to
the receiving station; a plurality of means at the
recelving station, each means containing electron -
tubes and heing differentially responsive to the
number of signals in g different one of the bursts,
and the plurality of means being controlled solely
by the number of signals to transform the signals
into direct representations of the symbols to
which the different numbers of signals in the
48 bursts have been assigned and provide a repre-
sentation of these symbols; and routing means
at the receiving station including electron tube
switching means to enable the successive bursts
of signals to control the various ones of the plu-

50 rality of means in succession, said routing means
being controlled by the last signal of a burst to
cause the next burst to be routed to the next of
the plurality of means in the succession, whereby
the symbols will be represented at the recelving

58 station in the same order in which they were set
up at the sending station.

5. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmitted and

60 which comprises a sending station and a recelv-
ing station; electron tube means at the sending
station . for generating bursts of different num-

_bers of rapidly recurring signal impulses accord-

ing to symbols being transmitted; a plurality of
83 means successively operable to control the signal

impulse generating means to govern the number
of signal impulses that will be in each burst ac-
cording to the symbols being transmitted; means
to transmit the bursts of signal impulses, as they
70 are formed, one after another over a single com-

munication channel to the receiving station; a

plurality of groups of electron discharge devices

at the recelving station, each group being dif-

ferentially responsive to the number of signal im.
78 pulses in a different one of the bursts to set up

g
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direct representations of the symbols to which
the different numbers of signal impulses in the
bursts have been assigned and routing means,
upon which the groups of impulses are impressed
at the recelving station, for routing the various
bursts to their related group of electron dis-
charge devices, .

6. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmitted and
which comprises a sending station and & recefv-
ing station; electron tube means at the sending
station for generating bursts of different num.
bers of rapidly recurring signal impulses accord-
ing to symbols beilng transmitted; a plurality of
groups of gaseous electron discharge tubes suc-
cessively operable to control the signal impulse
generating means to cause a signal impulse to be
generated each time a tube is operated; means
to select the number of tubes that will be oper-
ated in each of the plurality of groups to govern
the number of signal impulses that will be in
each burst according to the symbols being trans-
mitted; means to transmit the bursts of signal
impulses, as they are formed, one after another
over a single communication channel to the re-
celving station; a plurality of groups of gaseous
electron discharge tubes at the receiving station,
each group of tubes being differentially respon-
sive to the number of signal impulses in a dif-
ferent one of the bursts, and the different groups
of tubes being controlled solely by the number
of signal impulses to set up direct representa-
tions of the symbols to which the different num-
bers of signal impulses In the bursts have been
assigned; and relay means upon which the im-
pulees are impressed at the receiving station and
which s selectively operable by the last signal
impulse of & burst as the successive bursts are
received to route the successive bursts of im-
pulses to the different groups of gaseous electron
discharge tubes at the receiving apparatus to
engble the tubes of the groups to respond to the
different numbers of signal impulses.

7. In a communication system in which differ-
ent numbers of signals are assigned to represent
different symbols which may be transmitted and
which comprises & sending station and a receiv-
ing station, the combination of s plurality of
groups of manipulative devices at the sending
station for setting up a pluraliy of symbols to be
transmitted automatically one after another in
suceession; a plurality of groups of gaseous elec-
tron discharge tubes successively operable under
control of said manipulative devices, which select
the number of tubes to be operated, to transform
the symbols being transmitted into their assigned
number of signals; electronic means at the send-
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pressed at the receiving station and which is
selectively operable as the various bursts are
recetved to route the bursts of signal impulses to
the different groups of gaseous electron discharge
tubes at the receiving station; and means, at the
recelving station, controlled by the last impulse
of each burst to cause the selective operation of
the relay means to route the next burst to a
different group of gaseous electron discharge
tubes to enable the symbols which are transmit.
ted to be transformed and set up in the receiv-
ing appaartus in the same order as in the send-
ing apparatus.

8. A communication system in which different
numbers of signals are assigned to represent dif-
ferent symbols which may be transmitted, which
system comprises s sending station and a re-
celving station; means at the sending station for
generating signals at supersonic frequency,
which signals are generated in uniformly spaced
bursts of different numbers of signals accord-
ing to the symbols being transmitted; means to
transmit the bursts of signals one after another,
as they are generated, over a single communica-
tion channel to the receiving station; and means -
at the receiving station responsive to signals hav-
ing supersonic frequency and controlled by the-
number of signals in the various bursts as they
are received, to set up direct representations
of the symbols to which the different numbers of
signals have been assigned.

9. A communication system in which data is
transmitted by signals having supersonic fre-
quency and In which different numbers of sig-
nals are assigned to represent the various sym-
bols making up the data which is to be trans-

‘mitted, which system comprises a sending sta-

tion and a receiving station; means at the send-
ing station for setting up a plurality of symbols
to be transmitted automatically one after an-
other in succession; means at the sending station
controlled by the set means to generate signals
at supersonic frequency, which signals are gen-
erated automatically in a plurality of uniformly
spaced bursts containing different numbers of
signals according to various ones of the plurality
of symbols being transmitted; means to transmit
the bursts of signals, as they are generated, over
& single communication channel to the receiving
station; and means at the receiving station re-

" sponsive to signals having supersonic frequency

55

ing station for generating uniformly spaced -

bursts of different numbers of rapidly recurring
signal impulses under control of said tubes ac-
cording to the symbols being transmitted; means

gare formed, one after another over g single com-
munication channel to the receiving station; a
plurality of groups of gaseous electron discharge
tubes at the receiving station, each group of tubes
being differentially responsive to the signal im-
pulses in a different one of the bursts, and the
different groups being controlled solely by the
number of signal impulses to transform the sig-
nal impulses into direct representations of the
symbols to which the different numbers of signal
impulses in the bursts have been assigned; relay
means upon which the bursts of impulses are im.

60

‘to transmit the bursts of signal impulses, as they -
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and controlled by the bursts of impulses as they
are recelved for setting up direct representations
of the symbols set on the means at the sending
station. . '

10. A communication system in which each of
the symbols making up data which may be trans-
mitted is represented by a burst of impulses of
supersonic frequency, said burst containing a
preassigned number of gimilar impulses and a
distinctive impulse, said system comprising a
sending station and a receiving station; preset-
table means at the sending station for setting up
a plurality of symbols to be transmitted; elec-
tronic means at the sending station controlled
by the presettable means according to the setting
thereof for generating uniformly spaced bursts of
impulses at a supersonic frequency, each burst
containing the preassigned number of similar im-
pulses according to the symbol being transmitted
and terminating with the distinctive impulse;
means to transmit the bursts of impulses from
the sending station to the receiving station; a
plurality of normally inoperable electronic means
at the recelving station, each of said normally
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fnoperable electronic means, when operable, be-
ing differentially operable by the impulses of a
burst, according to the number of impulses, to
set up a direct representation of the symbol rep-
resented by the burst; and means at the recefv-
ing station preset to render one of the normelly
inoperable electronic means operable by the im-
pulses of the first burst received, and controlled
by the distinctive impulses to render different
ones of the normally inoperable electronic means
operable by the various succeeding bursts as they
are received.

11. A communication system in which each of
the symbols making up data which may be trans-
mitted is represented by a burst of impulses con-
taining a preassigned number of similar impulses
and a distinctive impulse, and which comprises
a sending station and a receiving station; means
at the sending station to generate the similar im-
pulses; means at the sending station to generate
the distinictive impulse; presettable means at
the sending station for setting up a plurality of
symbols to be transmitted; control means includ-
ing electron discharge devices at the sending
station controlled by said presettable means ac-
cording to the setting thereof, and operating to
control the operation of the similar impulse gen-
erating means and the distinctive impulse gen-
erating means to transform the plurality of sym-
bols automatically into uniformly spaced bursts
of rapidly recurring impulses, each burst con-
taining the preassigned number of similar im-
pulses according to the symbol being transmitted
and terminating with the distinctive impulse;
means to transmit the bursts of impulses one
after another over a single communication chan-
nel from the sending station to the receiving
station; a plurality of differentially operable
electronic means at the receiving station, each
electronic means being made up of electron dis-
charge devices and being responsive quickly
enough to be operated by the impulses of a burst
generated under control of the control means
at the sending station and operating to set up
a direct representation of the symbol represented
by the burst; and electronic switching means in-
cluding electron discharge devices at the recelv-
ing station upon which the bursts of impulses
are impressed and which is operable under the
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control of the distinctive impulses to selectively - 50

switch the bursts of impulses, as they are re-
ceived, to the various ones of the plurality of
differentially operable electronic means.

12. A communication system in which each of
the symbols making up the data which may be
transmitted is represented by & burst of impulses
containing a preassigned number of small-ampli-
tude impulses and 2 large-amplitude impulse and
which comprises a sending station and a receiv-
ing station; electronic means at the sending sta-
tion for generating the small-amplitude impulses;
electronic means at the sending station for gen-
erating the large-amplitude impulses; manipula-
tive means at the sending station for setting up
a plurality of symbols to be transmitted; elec-
tronic means at the sending station, controlled
by the manipulative means according to the
setting thereof, and operating to control the oper-
ation of the small-amplitude-impulse generating
means and the large-amplitude-impulse generat-
ing means to generate impulses at a supersonic
frequency and produce uniformly spaced bursts
of impulses, each burst containing the preassigned
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number of small-amplitude impulses according to
the symbol being transmitted and terminating
with the large-amplitude impulse; means to
transmit the bursts of impulses one after an-
other over a single communication channel from
the sending station to the receiving station;
a plurality of groups of electronic devices at the
receiving statlon, the devices of each group be-
ing interconnected for sequential operation by
the impulses of a burst to set up a direct rep-
resentation of the gymbol corresponding to the
number of impulses in the burst; and electronic
switching means at the receiving station which
is preset to direct the first burst of impulses to
one of the groups of electronic devices to cause
their operation and which is operated by the
large-amplitude impulse of each burst to switch
the next burst of impulses to cause the operation

‘of another of the groups of electronic devices,
20
‘'numbers of signals are assigned to represent dif-

13. A communication system in which different

ferent symbols which may be transmitted and

which comprises a sending station and a receiv-

ing station; electron tube means at the sending
station for generating uniformly spaced bursts of
different numbers of rapidly recurring discrete
signals according to symbols being transmitted;
means to transmit the bursts of signals one after
another over a single communication channel to
the receiving station; a plurality of normally in-
operative means at the receiving station, each of
sald normally inoperative means being made up
of electron tubes and, when operative, being dif-
ferentially responsive to and controlled solely by
the number of signals in a different one of the
various bursts to set up a direct representation of
the symbol to which the number of signals in the
burst has been assigned; and means for rendering
different ones of said plurality of means operative
as the different bursts are received, thereby to
enable the plurality of means to set up direct
representations of the symbols according to the
numbers of signals in the various bursts.
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