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1

The present invention, which is a continuation-
in-part of application Ser. No. 488,300, filed May
24, 1943, relates to printing telegraph instruments
and particularly to printing telegraph instru-
ments for use in systems in which the trans-
mitted signals are characterized by three currents
or line conditions, namely a positive current, a
negative current and a zero current, and are sent
in the form of impulses displaced or staggered in
time. Each letter, figure or symbol to be trans-
mitted and printed accordingly is characterized
by the relative staggerings in time with respect
to a time origin, of a special combination of im-
pulses, i. e. by an “impulse modulation.”

These systems generally use electromechanical
devices both at the sending and the receiving ends
for selecting the desired characters. These elec-
tromechanical devices are usually rather com-
plicated and do not allow the sending of mes-
sages at a very high transmission speed.

One of the objects of the present invention is
consequently the providing of printing tele-
graph transmitters that are free from these
drawbacks owing to the fact that they do not re-
quire any electromechanical selecting device.

According to certain features of the inven-
tion, use is made in printing telegraph {rans-
mitters of the three current or line conditions
type (positive current, negative current and no
current) of a pulse generator in association with
an grtificial line that terminates at its charac-
teristic impedance and is disposed so as to furnish
the .particular impulses that correspond to the
predetermined code of signals under the control
of an automatic or manual manipulating device
(e. g. a key sej or .a perforated tape).

The pulse generator sends its pulses simul-
taneously into the transmission line that leads to
the remote receiver and into the artificial line.
When there is no manipulation, the pulses di~
rected into the artificial line are absorbed with-
out reflection by the characteristic impedance
that terminates it. When theve is manipulation,
this line is opened or short-circuited at particular
points that correspond to the characters to be
transmitted; the pulses are then reflected into
this line and, upon leaving the line, are directed
to the transmission line where their time dis-
placements from the directly transmitted pulses
and their polarity (positive or negative). define
at the reception end the characters they repre-
sent. .

According to one feature of the invention, the
direction- of the reflected pulses is obtained by
raaking use of the following property of artificial
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lines: When a pulse of a certain polarity is sent
into the line and is reflected in it by an interrup-
tion of the line due to an opening of the circuit,
the reflected pulse upon returning to the input
of the line will be of the same polarity as the in-
coming pulse; inversely, if the interruption of the
line is due to a short-circuit, the reflected pulse
upon returning to the input of the line will be
of opposite polarity to that of the incoming pulse.
Tn this way, a reflected positive pulse will be ob-
tained either by sending a positive pulse into the
artificial line and causing its reflection by means
of an opening of the line, or by sending a nega-
tive pulse into the line and causing its reflection
by a short-circuit of the line. Inversely, a Ye-
flected negative pulse will be obtained either by
sending a negative pulse into the line and caus-
ing its reflection by means of an opening of the
line, or by sending a positive pulse into the line
and causing its reflection by means of a short-cir-
cuit of the line. )
_According to other features of the invention,
the retarded pulses are obtained without reflec-
tion in the artificial line, and simply by making
use of their time-lag in propagation over this
line as far as the points that correspond to the
desifed characters, where they are shunted to
the transmission line that Jjeads to the receiver.
In this case, the polarities of these pulses will be
determined in the pulse generator itself which
is of such a type as to furnish either positive or
negative pulses as desired, by control of the
manipulation. E

These features, as well as others, are explained
in detail in the following description given with
reference to the appended drawings, in which:

Fig. 1 illustrates schematically one example of
a printing telegraph transmitter according to
the invention which employs a pulse generator
that generates pulses of a definite polarity, and
an artificial line disposed s0 a8 to provide pulses
of definite time-lag and of positive or negative
polarity according to the transmitted characters;

Figs. 2A and 2B show graphs relating to the
device of Fig. 1;

Figs. 3A and 3B show graphs in which the di-
rections of the pulses are determined by the
pulse generator itself;

Fig. 4 illustrates schematically one example of
s pulse generator that emits either positive or
regative pulses as required;

Fig. 5 illustrates a variant of the pulse gen-
erator circuit of Fig. 4;

Fig. 6 is a schematic view of one example of a
printing telegraph trahsmitter according to the
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invention, using a pulse generator of the kind
shown in Figs. 4 and 5, and a staggering of the
impulses by reflection;

Fig. 7 illustrates schematically one example of
a printing telegraph transmitter according to
the invention, using. & pulse generator of the
kind shown in Figs: 4 and 5, and a staggering of
the pulses by propagation;

Figs. 8A to 8D show graphs relating to the
operation of a printing telegraph: transmitter
similar to the one shown in Fig. 1 but using =
pulse generator of the kind shown in Figs. 4
and 5;

Fig. 9 illustrates a modification of the circuit
shown in Fig. 6 which furnishes positive and
negative pulses, but which uses a. pulse: generator
that furnishes only unidirectional pulses.

First referring to Fig. 1, the device illustrated
in this drawing comprises a generator { which
generates pulses of a definite polarity, as indi-
cated by the + and — signs at its output termi-
nals. The pulses proceeding from the generator
I are sent to the transmission line 3 that leads
to the remote receiver or receivers, and also to
an artificial line designated in its entirety by
the reference number 2.

In the example of an embodiment shown in the
'drawin'gs,‘this artificial line 2 consists of a series
of T-shaped impedance sections comprising in-
ductance units Li, Le, I3, ete., and capacity units
C1, Cz2, Cs, ete., although it may be made up of
any suitable type of sections; e. g. of = or lattice
shape. The total number of sections depends
upon the number of characters to be transmitted.
In this arrangement there are half as many im-

pedance sections as there are characters in the

code to be transmitted and printed and each sec-
tion. has a series switch 50, 51, 52, etc. capable
of opening and closing the artificial line at the
respective sections, and a series of shunt switches
68, 61, 82, etc. capable of short-circuiting the
line at the respective sections. The line termi-
nates at its characteristic- impedance 8, so as to
absorb without reflection. any pulses. from- the
generator | when all the series switches §&, 51, 52,
ete. are closed and all the shunt switches 60, 61,
62, etc. are open, this being the normal condi-

tion. of the line when there is no signalling or

manipulation. The first letters of the alphabet
to which these switches are assigned are indi-
cated aloengside them, ln, ¢, e, for the sertes
switches 80, 51, 52 and b, d, 7, for the shunt
switches 60, 61, 2. 'The condition of the series
and shunt switches when there is no manipula-
tion consequently insures that the artificial line
2 will have a condition of continuity between its
input terminals and its terminal impedance 8§,
and also that it will not be short-circuited at any
point. While in this condition, if the generator
I’ periodically emits pulses to the transmission
line 3 and to the artificial line 2, no pulse that
comes into line 2 will be reflected to the trans-
mission Iine 3, and only the directly transmitted
bulses will be propagated to the remote receiver.

When signalling, hereinafter termed manipu-
lation takes place, either manually, e. g. by means
of a key set (not shown), or automatically, e. g.
irom a. suitable recorder, one of the switches 50,
etc. or €9, etc. that corresponds to the desired
character is opened or closed. The pulse emitted
at this moment by the generator ! twhich may
be controlled solely by a manipulation effected
by a switch located in the circuit instead of
having, to emit continuous periodic pulses) is
reflected back along the artificial line 2 from
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the location of the switch that has just been
opened or closed by the manipulator.

If the closed switch is one of the switches of
the 50, 51, etc. series, in other words, if a dis-
continuity has been created in the artificial line
2 the reflected: pulse will' be of the- same polarity
or direction as the incoming puise, and con-
sequently as the pulse sent directly into the
transmission line 8. The stagger of the two
bulses, direct and reflected, of the same polarity
on: the: transmission line 3 will characterize the
transmitted signal. If the closed switch be the
shunt switch: of the same numerical order in
the line, the reflected pulse will have on the
transmission line 3 the same stagger as the direct
pulse, buf since the artificial line 2 has in this
Instance: been short-circuited rather than open-
circuited at the location of this switch, the po-
larity of the reflected pudse will be the reverse of
that of the direct pulse, and this additional char-
acteristic will define a different signal.

It is consequently evident that with an ar-
tificial line of this kind there is constituted a
telegraph transmitting system employing two
types of currents in which the number of sections
of the artificial line is half the number of char-
acters (letters, figures and symbols) to be trans-
mitted.

The pulse generator i may be of any well
known or suitable design. Furthermore, a line
amplifier may, if desired, be inserted at the com-
mencement of the transmission line 3 in order
to compensate for the attenuation undergone
hy the reflected pulses in the artificial line 2.
This amplifier should preferably be provided
‘with means for discriminating between the direct,
bulses and the reflected pbulses (e. g by only
heing senszitive to one impulse out of each two
consecutive pulses in. order effectively to ampiify
cnly the reflected pulses.

The graphs of the line transmission pulses will
accordingly be like that shown as an example in.
Figs. 2A and 2B. In Fig. 2A, which corresponds
t0 an opening of the switch representing the
letter e, the direct pulse is indicated at 16. The
pulse reflected by opening of the switch 52 is in-
dicated at 71 and is of the same direction as the
direct pulse. In Fig. 2B, which corresponds to
closure of switch §2, representing the letter f,
the direct pulse is still designated by the refer-
ence number 78. The pulse reflected by the clos-
ing of switch 62 is indicated at 12, and it has the
same spacing with respect to the bulise 10 as the
bulse T1 of Fig. 24, but is of reverse polarity.,

Instead of providing g mode of transmission in
which. the original pulse remains of the same
sign, while two different signals with component
bulses of equal stagger are distinguished by their
identical or reverse bolarity with respect to said
original pulse, it is also possible, according to
the invention, to provide a method of transmis-
sion in which the pulse generator I can furnish
bositive or negative pulses ag desired, the re-
flected pulses being of the same polarity as the
original pulses. One half of the signals can then
be transmitted with the positive pulses, and the
other half with the negative pulses.

In this case, the graphs of the bulses received
over line 3 will be as shown in Figs. 3A and 3B.
When the pulse generator { emits 2 positive pulse
13 (Fig. 3A), the reflected pulse 14 will still be of
the same polarity, i. e. bositive, and its stagger
will characterize the transmitted signal. When
the pulse generator emits g negative pulse 75
(Fig. 3B), the reflected bulse 76 will still be of
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the same polarity, i. e. negative, and its stagger
will characterize the transmitted signal. Two
different signals having a same spacing T between
the constituent pulses will accordingly be char-
acterized by the polarity of both of the two pulses
of which they consist. It will accordingly be
sufficient in this case to provide an artificial line
which has a number of sections that is half the
number of the signs or letters to be transmitted
and which is equipped with a series of series
switches, the opening of which latter will cause
the reflection of pulses of the same polarity as
the incoming pulses. It is evident that use may
be made of an artificial line equipped with shunt
switches. In this case, the reflected pulse would
always have a polarity the reverse of that of the
direct pulse. The receivers used with these trans-
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mitters will consequently have to be arranged to .

discriminate between the polarities of the pulses
and to be sensitive either to two pulses of the
same polarity or to two pulses of opposite polari-
ties while at the same time discriminating the
polarity of the first pulse.

Figs. 4 and 5 illustrate schematically two em-
bodiments of single pulse generators that furnish
either positive or negative pulses under control
of the manipulation. In the circuit of Fig. 4, two
batteries 76 and 1T or other sources of direct cur-
rent, deliver to self-inductance coils 80 and 8l,
respectively, currents that are adjustable by re-
sistances 18 and 79. Condensers 84 and 85 pre-
vent direct current from flowing in the artificial
or phantom line and in the transmission line asso-
ciated with this generator. The output of the
two circuits of the batteries 16 and 11T may be
tapped across a common resistance 86.

When, for example, one of the switches of the
grtificial line (according to fthe arrangement of
the switches) is opeéned or closed by depressing
a key of the signalling key assembly, either switch
82 or switch 83 is opened by the same mechanical
control. Assuming that switch 82 has been
opened, the current from battery 16 will be cut off.
There is then produced at the terminals of in-
ductance coil 80 an extra current surge or kick
that furnishes a pulse, the brevity of duration
of which depends essentially on the rapidity of
interruption, and on the value of inductance 80
and of the time constant of the self inductance-
resistance impedance formed by this inductance
coil 80. Condenser 84, which is of low capacity,
permits passage of the steep front of the positive
pulse which is generated in this way and the
duration of which can easily be reduced to values
of the order of a microsecond.

.The operation of the circuit of battery 11 will
be similar when switch 83 is opened. However,
a negative pulse will then be obtained on account
of the reverse polarity of the battery connections
with respect to the other elements of the circuit.

In the schematic view of the pulse generator
shown in Fig. 5, condensers 88 and 89 are charged
slowly by batteries 16 and 11 (since switches 82
and 83 are open) across adjustable resistances
78 and 19. - In contrast to the pulse generator of
Tig. 4, an impulse is generated by the closing of
switches 82 or 83, one of which causes the rapid
discharge of condenser 88 or 89 through resistance
85. A positive pulse is obtained by closing switch
82 and a negative pulse by closing switch 83, on
aceount of the reversed connection of batteries
16 and 117 in their respective circuits.

Figs. 8 and 7 illustrate two examples of tele-
graph transmitters which employ pulse generators
that furnish at will either positive pulses or nega-
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tive pulses, such as those shown in Figs. 4 and 5.

In the arrangement shown schematically in
Fig. 6, the positive and negative pulse generator
{ sends pulses simultaneously into the trans-
nission line 3 and into the artificial or phantom
line 2 the switches 59, 51, etc. of which are, for
example, disposed in series in the line so as to
cause pulse reflections when they are opened.
The signalling or manipulation is effected by
opening simultaneously any one of the switches
50 and either one of the switches 82 and 83 of
the pulse generator. The opening of the switch
8% or 83 determines the sending of either a posi-
tive or a negative pulse, and the opening of one
of the switches 59, B, etc. determines the stagger
between the direct and reflected pulses trans-
mitted to the remote receiver or receivers.

Tnstead of employing a staggering of pulses by
reflection, it is possible, according to another em-
bodiment of the invention, to produce proper
staggering by simple propagation into the arti-
ficial line 2. Fig. 7 illustrates an example of the
use of this feature, using a generator producing
either positive or negative pulses, at will. In the
form of Fig. 7, generator | sends impulses. into
phanton line 2, each switch 09, 81, 92, etc. of the
artificial line 2 serves for withdrawing pulses at
the points where each switeh is located, every time
that a switch is closed. The manually or auto-
matically. controlled signalling or manipulation
mechanism simultaneously closes one of the
switches 90, 91, etc., and either switch 82 or switch
83 of -.generator .1, so that a pulse of desired
polarity is senerated and transmitted along
phantom line 2 as far as the switch closed.

The direct pulse from generator { is transmitted
o the control grid of a tube 108 the load imped-
ance of which is indicated at 192 and the anode
circuit of which is connected to the transmission
iine 3 via condenser 104, in order to avoid apply-
ing the high anode voltage to this line 3. The
pulse retarded by line 9 is transmitted by one of
the switches 98, §1, 92, ete. to the control grid
of another tube 101 the load impedance of which
igindicated at 183 and the anode circuit of which
ig similarly connected to the transmission line 3
via & condenser 185, used for blocking the flow of
direct . current. The common source of anode
feed is indicated at 186. It should be noted that
tubes 109 and 181 should not be adjusted at their
¢ut-off point because they have to amplify either
positive or negative pulses. Their biasing is ac-
cordingly adjusted by means of resistances 108
and 168. The pulses are applied to the control
grids of tubes 108 and 101 via condensers {18 and
i1, which latter are of sufficiently low capacity
to prevent the signalling manipulation from caus-
ing any appreciable accidental surges reaching the
line.

Another modification of the telegraph trans-
mitter which incorporates-features of the inven-
tion includes the use of a pulse generator that can
furnish either positive or negative pulses as de-
sired with the type-of artificial line llustrated in
Mg, 1, i. e. one that can furnish by reflection
either positive return pulses or negative return
pulses. In this case, the artificial line regquires
only half the elements or sections necessary in
the case of Fig. 1 for transmitting the same num-
ber of signals.

The graphs of pulses received over line 3 will
then be as shown in Figs. 8A to 8D in the case of
the letters a, b, ¢ and d, for example. When the
signalling manipulation closes switch 58 (Fig. D)
and switch 82 of Fig. 5 or opens switch 82 of
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Fig. 4, the letter g is transmitted to the receiver-
in the form of the pulses {12 and {13 of Pig. 8A.
These two pulses are of the same polarity and are
spaced apart by an interval T.

When the manipulation closes switch 80 (Fig. 1)
and switch 82 of Fig. 5 (or opens switch 82 of
Fig. 4, the letter b is sent over the line 8 in the
form of the pulses 142 and (44 (Fig. 8b). These
two pulses are of opposite polarity and are spaced
apart by an interval T of the same value as for
letter a. B

When the manipulation closes switch 59 (Fig.
1) -and switch 83 of Fig. 5 (or openg switch 83
of Fig. 4), the letter ¢ is sent over the line 2
in the form of the pulses 115 and 1§ (Fig. 8c).
These two pulses are of the same polarity but the
opposite of that of the pulses 112 and 113 (Fig.
8A), and their distance apart is still T.

When the manipulation closes switch 60 (Fig,
1) and switch 83 of Fig. 5 (or opens switch 83
of Fig. 4), the letter d is sent over the line 3
in the form of the pulses {45 and 117 (Fig. 8D).
These two pulses are of different polarity, the
first one being negative, and their stagger or
distance apari is still T.

It can consequently be seen that g single time-
lag 'section of the artificial line 2 is sufficient for
sending four distinet characters. The number
of sections of the artificial line will accordingly
be one fourth of the total number of characters
to be transmitted.

Instead of using two impulse generating cir-
cuits side by side as shown in Figs. 4 and 5 for
obtaining either positive or negative impulses,
another embodiment of the invention provides
for the use of a single generating circuit in asso-
clation with switching means that reverses the
two output terminals of the pulse generator.
This reversing meang has to be controlled in
synchronism with the manipulation device that
is used. The order in which the various switch-
ings has to be made is accordingly as follows:

By pressing cn the key that corresponds to a
figure or a letter, the output reversing means of
the pulse generator is placed in the necessary po-
sition (positive or negative pulse). By continu-
ing to press, the artificial line 2 is opened (or
short~circuited) at the desired location. At the
end of its travel, the manipulation kéy releases
the emission of the pulse. ‘Such a sequence of op-
erations, which may be effected in- any well
known mechanical or electromechanical man-
ner, takes place in a very short time, so that the
operations may be said to be substantially syn-
chronous.

It is quite evident that this is very important
hecause it defines 4, regularity in the operations
to be effected, such regularity being indispensable
for the proper operation of the instrument.

The transmitter arrangement illustrated sche-
matically in Fig. 9, according to the invention,
provides a means for obtaining positive and neg-
ative pulses hy only using a simple pulse gener-
ator emploving only the upper or the lower half
of the cireuit of the types shown in Fig. 4 or Fig,
5. In this arrangement, the graphs of the line
signals are similar to those shown in Figs. 8A to
8D. In other words, a single section of the time-
lag line is sufficient for obtaining four desired
different characters, depending on the manipu-
lation.

The pulse generator f feeds into a resistance
128. A mid-tap 12f of this resistance permits
the obtaining ‘of positive pulses between the
points {21 and 122, and negative pulses between
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the points 124 and 123. These ‘pulses ‘are sent
over an artificial line 2 of the ‘symmetrical or
balanced type, as shown by way of example, and
it is accordingly pessible to deliver either pos-
itive pulses by the switches 139, 121, ete. or neg-
ative pulses by the switches | 40, t4d, ete.

The artificial line -can furnish Positive or neg-
ative pulses, but it is also necessary to be able to
send -the time origin pulse as a positive or neg-
ative pulse. 'This is -accomplished by means of
a switch 161 which connects the control grid of
tube 80 either to terminal 122 or terminal 123
of the output resistance {29 of the pulse gener-
ator {4, while the cathodes of tubes 483 .and 101
are .connected ‘to ‘the ‘mid-point 121 of this re-
sistance by a -connection 182. The mean biag
value-of tubes #88 and 104 is determined by the
resistances (98 and {§9. Battery 106 feeds the
tube anodes through ‘resistors 182 and 103, re-
spectively, and the anodes are ‘coupled to output
3L via condensers 104 and §05.

‘The manipulation will be effected as in the
breceding cases; i. e. the pulse will be released
by ihe pulse generator after the setting in posi-
tion -of switeh 481 and one of the switches 1280 or
48, depending on the character that is to be
transmitted. For transmission of the letter q,
for-example, switch 130 will be closed and switch
{61 will connect the terminal 122 of resistance
128 to the control grid of tube §88. The pulse
will be released by the generator and this will
cause the sending into the line of the two im-
bulses that -define the letter @ by their direction
and time displacement. The direct pulse trav-
eis from generator ¥, via points 1 22, 181, tupe
138 and condenser {04 to line 3L. "The retarded
vulse travels vig #22, line '3, switch 12308, coupling
Condenser 111, tube {d} and condenser {95 to
line 3., For transmission of the letter b, switch
138 will also be closed, ‘but switch {6 will be
brought into the position in which it connects
he terminal 128 of resistance 128 to the control
grid -of tube {80, Similarly, the letters e and d
will be sent by the closing of switch 14§, It can
censequently be seen that the first symmetrica]
section ‘of the artificial line permits the sending
of four signals, and similarly for all the -other
sections of line 2. .

The transmission speed of ‘these devices de-
pends on the duration .of the impulses and also
cn ‘the length (n time-lags) of the artificial line,
The transmission time in the artificial line is de-
kendent upon the number of sections, i. e. the
quarter or ‘half of ‘the number of characters
(letters, figures and -symbols) to be transmitted,
i. e generally ten or twenty (since 2g letters, 20
figures and 4 symbols usually are transmitted).

If the duration or width of an impulse is des-
ignated by o, for the burpose of selecting signals
that -correspond to two adjacent sections of the
artificial line, the shortest distance in time that
can be practically used is equal to ¢. In order
to insure greater certainty of operation, it is
possible and suitable to make this distance equal
to 1.5 9 or more according to the nature of the
transmission line with which the device is as-
sociated.

If, for €xample, we take a time ¢ equal to 2
Imicroseconds and 20 sections for 40 signs to be
transmitted (Fig. 1), the length of the artificial
line will be from 40 o 60 microseconds depending
upon whether the stagger time per cell is taken
to be equal to 6 or to 1.5 é.

It is evident that g signal can he sent only when
there has elapsed g, time equal to the transfer
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tithe after the emission of a pulse. A subsequent
signal can therefore only be transmitted 40 to 60
microseconds after the sending of a preceding
signal, and this permits the sending of about
10,000 to 15,000 signals per second. Such a speed
may be utilized in the case of .automatic signal-
ling manipulation over a perforated or recording
tape, since the transmission takes place auto-
matically.

In the case of an artificial line that permits
the sending of four signals per section instead of
two, the above figures will have to be doubled.

For simple instruments, pulses of greater widths
will have to be used. Itis evident however, in the
case of direct manipulation by the operator, that
there is no risk of his jumbling the signals by too
rapid manipulation, irrespective of the speed with
which he strikes the keys.

The transmission speed of the device under
consideration also depends on the maximum re-
cording speed of the associated receiver or re-
ceivers. - In the case of ordinary types of receiv-
ers, it will be necessary to use impulses of longer
duration and artificial jines that provide a greater
stagger or displacement of the pulses.

The invention makes it possible in every case
to use the time intervals available between two
consecutive signals for placing the transmission
line at the disposition of one or more other ober-
ators, in other words to effect muitiple trans-
missions by means of pulses of short duration.

Tt will be noted that circuit arrangements have

been provided whereby two or more pairs of pulses

are produced which have the same stagger rela-
tion but differ in their polarity to provide two
different signals. - It is immaterial whether the
generator or generator means generates impulses
of two polarities and the switching means in .the
artificial line develops & delayed pulse of the same
polarity or the generating means generates a
pulse of a single polarity and the switching means
for the artificial line produces a delayed pulse of
two different polarities. In either case a series
of two pairs of pulses may be produced having the
same stagger relation put different polarities
namely two pulses of the same polarity and two
pulses of opposite polarity but with the same
stagger relation if the generating means provides
pulses of different polarities or two pulses of the
same polarity (positive or negative) and two
pulses of opposite polarity but with the same stag-
ger relation if the switching means is utilized to
develop the signals. Ina circuit in which both the
generator means and the switching means pro-
duce pulses of opposite polarity then a series of
four pulse signals may be transmitted each hav-
ing the same stagger relation but differing in
polarity namely two positive pulses, two negative
pulses, a positive primary pulse and a negative
secondary Or delayed pulse and lastly a nega-
tive primary pulse and a positive secondary or
delayed pulse, each of which may be used as a
separate distinct signal.

Although the invention
means of certain particular examples or embodi-
ments, it is evident that it is by no means lm-
ited thereto but on the contrary is capable of
numerous modifications and adaptations within
the scope of the following claims.

Having described my invention, I claim:

1. A printing telegraph system of the type in
which the characters to be transmitted are trans-
lated into signals consisting of pulses spaced by
different time staggers, comprising a pulse gen-
erator generating pulses of definite polarity, a
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transmission line receiving pulses of constant po-
larity directly from said generator, an artificial
line connected to said generator and having a plu-
rality of impedance sections producing retarda~-
tions in the pulses it receives from said gen-
erator said artificial fine being arranged to re-
flect these pulses into said transmission line with
different time staggers relatively to said directly
received. pulses, means in -each impedance sec-
tion for opening and closing the artificial line
thereat, and means in each impedance section for
making and breaking a short-circuit of the ar-
tificial line thereat, poth said means being selec-
tively operable in the course of signalling to vary
the polarity of the staggered pulses of a signal
reflected into said transmitting line whereby the
transmitted signal is defined by the stagger in
combination with the polarity of its component
pulses.

2. A printing telegraph system of the type in
which the characters to be transmitted are trans-
1ated into signals consisting of pulses spaced by
different time staggers, comprising a pulse gen-
erator .generating pulses of both polarities, a
transmission line receiving said pulses directly
from said generator, an artificial line also con-
nected to said generator and having a plurality
of impedance sections producing retardations in
the pulses it receives from said generator said
artificial line including & plurality of switches op-
erable so as to reflect these pulses into said trans-
mission line with different time staggers rela-
tively to said directly received pulses, there being
2 switch in each impedance section for rendering
it operable and inoperable to S0 reflect pulses, said
switches and said pulse generator being simulta-
in the course
of signalling to vary the polarity of the pulses de-
livered to said transmission and artificial lines
by said generator whereby the transmitted sig-
nal is defined by the stagger in combination with
the polarity of the component pulses from the
artificial line. .

3. A printing telegraph system of the type in
which-the characters to be transmitted are trans-
lated into signals consisting of pulses spaced by
different time staggers, comprising a pulse gen-
erator generating pulses of both polarities, 2
4ransmission line receiving said pulses directly
from said generator, an artificial line also con-
nected to said generator and having a plurality
of impedance sections producing retardations in
the pulses it receives from said generator said
artificial line being provided with a plurality of
switches controlling direct propagation of these
pulses and their delivery with stagger to said
transmission line relatively to said directly re-
ceived pulses, there being a switch in each imped-
ance section and movable for rendering the sec-
tion operable and inoperable to so reflect pulses,
said switches and said pulse generator being
simultaneously and selectively controllable in the
course of signalling to vary the polarity of the
pulses delivered to said transmission and arti-
ficial lines by said generator whereby the trans-
mitted signal is defined by the stagger in com~-
pination with the polarity of the component
pulses from the artificial line. '

4, A printing telegraph system of the type in
which the characters to be transmitted are trans-
lated into signals consisting of pulses spaced by
different time staggers, comprising a pulse gen-
erator, & transmission line receiving pulses di-
recsly from said generator, an artificial line con-
nected to said generator and a movable control
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switch in each section, and. having. g plurality
of impedance sections producing retardations in
the pulses it receives from said; generator said
artificial line being arranged to. introduce its
pulses into said transmission line with different
time staggers depending on the switch positions,
relatively toc said directly received pulses, and
means for changing the polarity of said pulses in
the course of signalling whereby the transmitted
signal is. defined by the stagger in combination
with the polarity of the component pulses from
the artificial line,

5. In g system according to claim 2, a generator
yielding positive and negative pulses including
two sources of direct current connected at op-
posite poles, two induction coils energized re-
spectively by said- sources, a. switch between the
DPositive pole of one source and its induction coil;
a switch between the negative pole of the other
source and its induction coil; a connection be-
tween said switches, a, resistance tapped across the
Jjunction of said sources and said. connection said
resistance feeding the output of the generator to
the transmission line and artificial. lines, and
condensers. blocking fow of direct current into
said lines, said switcheg being. operable in the
course of signalling,

6. In a system according to claim 2 g generator
vielding positive .and negative pulses including
two sources of direct current connected at oppo-
site poles, a pair of condensers arranged to be
charged at a predetermined rate by said sources,
a connection between said condensers,  two
switches connected one to discharge pulses from
the positive terminal of one source and the other
to discharge pulses from the negative terminal of
the other source, and means for introducing such
positive and negative bulses into said transmis-
sicn and artificiagl lines said switches: being oper-
able in the course of signalling,
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7. A printing telegraph system of the type in

which the characters to be transmitted are trans-
lated into signals consisting of pulses spaced by
different time staggers, comprising a pulse gen-
erator generating pulses of definite polarity, s
transmission line receiving  pulses. of- constant
polarity directly from said. generator, an arti~
ficial line connected to said generator and having
a plurality of impedance‘sectiqns,prqducing re-
tardations in the pulses it receives from said gen-
erator said artificial line being arranged to in-
troduce these pulses into said transmission line
with different time staggers. relatively to said
directly received pulses, means in each impedance
section for cpening and closing the artificial line
thereat, and means in each impedance section for
making and breaking g short-circuit of the ar-
tificial line thereat, both said means being selec-
tively operable in the course of:signalling to vary
the polarity of the staggered  pulses. of g signal
introduced into said transmitting line whereby the
transmitted signal is: defined - by the stagger in
combination with the polarity of its component
pulses, .

8. A printing telegraph system. of the:type in
which the characters to ‘be transmitted are trang-
lated into signals consisting: of pulses spaced by
different time staggers, comprising: a. pulse gen-
erator ‘generating bulses. of: both polarities, a
transmission. line. recelving ‘said -pulses: directly
. from said generator, an artificial line also con-
nected  to. said generator and-having. a plurality
of impedance sections, each with.a control switch
therein, for selectively producing retardations in
the pulses it. receives from. said: generator: said
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artificial line being arranged to introduce these
bulses into said transmission line with different
time . staggers dependent upon switch position
relatively to said directly received pulses, the
switch in each impedance section rendering it
operable and inoperable to so introduce pulses;
said switches and said bulse. generator being
simultaneously and selectively controllable in the
course of signalling to vary the polarity of the
pulses- delivered to said- transmission and arti-
ficial lines by zaid generator whereby the trans-
mitted signal is defined by: the stagger in com-
bination with the polarity - of: the component
pulses from the artificial line, :

9. In a signalling system., in:- combination, a
pulse generator for generating, pulses- of either
polarity, a transmission line; an, artificial line, a
circuit connecting the two lines in parallel to
the generator, a plurality of impedance- sections
in the artificial line each comprising a condenser
connected: across the line and an inductance in
series in the line, g switch in. series with each in-
ductance and movable to open or close the line at
a point just beyond: itg inductance whereby to
caluse a pulse .in the artificial line to be.reflected
back into.the transmission. line from.the place of
the first open switch, and. with no.change in po-
larity, whereby simultaneous.and selective opera-
tion of the generator and a. switch: results in g
pair of selectively spaced pulses, of like polarity
being transmitted by the transmission line.

10. In a signalling system, the .combination of a
pulse generator generating pulses. of at least. one
polarity, a transmission line connection to re-
celve pulses directly from.said generator; an.ar-
tificial line having a length proporticnal to the
number of pulse polarities. generated and- such
that separate pulses result including a:plurality of
series impedance sections and a plurality of shunt
impedance elements constituting. g plurality. of
impedance sections, g series.switch for each . sec-
tion of said artificial line, and a.shunt switch
for each section of said artificial line, said- arti.
ficial line being connected- with the transmission
line connection to receive pulses. from the gen-
erator and to reflect the bulses: therefrom: into
said transmission line connection atdifferent time
intervals following the receipt.of: pulses.from said
generator; and means. for selectively..operating
sald series and shunt switches to determine the
length of the artificial line and the stagger inter-
val between the primary pulse and the reflected
bulse and:the polarity. of the reflected: pulse.

11. In g signalling system, the.combination of
a pulse generator generating pulses of: gt least
one polarity, a transmission line connection - to
receive pulses directly from- said generator; an
artificial line having a length proportional to the
number - of pulse polarities. generated- and. such
that separate pulses result including a- plurality
of series impedance sections and a plurality of
shunt impedance elements constituting a plu=
rality of impedance sections, a.normally closed
series switch for each section of said- artificial
Iine, and a normally open shunt switch for each
section of said artificial line, said artificial line
being connected with the. transmission line con-
nection to receive pulses from. the generator. and
to reflect the pulses therefrom; into said trans-
mission line counection at- different time inter-
vals following the receipt.of pulses . from said-gen-
erator; and means. for- selectively-operating said
series and shunt switches to, determine the length
of the artificial line and-the stagger-interval ‘be~
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tween the primary pulse and the reflected pulse
and the polarity of the reflected pulse.

12. In a signalling system, the combination of
a pulse generating means for generating pulses
of at least one polarity, a transmission line con-
nection fo receive pulses directly from said gen-
erating means, an artificial line having a length
proportional to the number of pulse polarities gen-
erated and such that separate pulses result in-
cluding @ plurality of impedance sections and at
least one movable switch means in each section,
said artificial line being connected to the trans-
mission line connection to receive pulses from
said generating means, the switch means being
positionable for controlling said artificial line
to transmit delayed pulses therefrom into said
transmission line connection at different time
intervals following the receipt of pulses from said
generating means, operating mechanism for se-
jectively operating said switching means, and at
least one of said means producing pulses of op-
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posite polarity whereby both the stagger interval
between the primary pulse and the delayed pulse
and the polarity of the pulses may be selected.
JULIEN J. B. LAIR.
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