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This invention relates to signal systems for
transmitting intelligence and more particularly
to such systems in which mark-to-space and
space-to-mark transitions are individually trans-
mitted as discrete alternating current impulses
whose durations are both constant and independ-
ent of the length of the marking and spacing
intervals.

Telegraph codes usually consist of combina-
tions of spaces and marks of such duration and
order as to distinguish individual characters. In
certain instances, such as in submarine tele-
graph codes, more than two conditions may
sometimes be used, but in all cases the principle
is substantially the same. In well-known types
of telegraph systems utilizing such codes, it is
the usual practice to transmit current for the en-
tire duration of either the marking or spacing
interval, and to suppress the current or reverse
its polarity during the other interval. Once
transmission is commenced however, complete in-
telligence is supplied by the timing of the inter-
vals between transitions from space-to-mark and
mark-to-space. :

Impulse telegraph systems may be broadly di-
vided into two types: firstly, those in which
space-to-mark and mark-to-space transitions are
generated at the sending end of the transmission
circuit; and secondly, those in which such transi-
tions are produced at the receiving end of the
transmission circuit. In the usual type of alter-
nating current system in which the carrier cur-
reut generated at the sending end is sustained
on the line for the entire duration of marking or
spacing transitions and suppressed during the
converse operation, the average power obtaining
on the line is relatively substantial. Similarly,
in a system in which the marking or spacing
transitions are produced at the receiving end, the
amount of current sustained on the line consti-
tutes a relatively large average. The present in-
vention concerns s telegraph system arranged to
transmit both marking and spacing transitions
only for the time intervals required for the sys-
tem to distinguish transitions, thereby utilizing
substantially a minimum average amount of pow-
er to transmit a given amount of intelligence.

In multichannel signal systems where a plu-
rality of discrete signal currents are amplified by
the same line repeaters, the total amount of cur-
rent on the line tends to approach the sum of
the short time averages of the discrefe signal
currents when the number of channels is large.
As this determines the power capacity of the line
repeaters, the economy of the system as a whole
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is affected. In systems of the types known pre-
viously, the average amount of current is rela-
tively high for the reasons that regulation and
other purposes necessitate the transmission of
current on the line during idle or marking pe-
riods. Consequently, there may exist relatively
long time intervals where the majority of the
telegraph circuits in such carrier systems will si-
multaneously transmit substantially their maxi-
mum values of current although no intelligence is
being sent over the line. This condition may
be particularly objectionable where both tele-
graph and telephone intelligence is transmitted
on 2 common multichannel carrier circuit, such
as a coaxial transmission line, for the reason that
although the telegraph system may be transmit-
ting no intelligence during the traffic peak inter-
vals of the telephone system, the telegraph sys-
tem would tend to impose its maximum demand
on the power carrying capacity of the common
carrier circuit. In other words, the telegraph
system would be imposing substantially its maxi-~
mum demand on the carrier circuit from a power
carrying standpoint during periods when the tel-
egraph system is transmitting no intelligence,

The present invention contemplates a tele-
graph system such that impulses of carrier cur-
rent are transmitted on a line for timing pur-
poses only, the duration of such impulses per se
from a time standpoint being only sufficient to
enable receiving apparatus to respond to and in-
dicate the occurrence of transitions, and such
that no carrier current is transmitted on the line
at other times.

The main object of the invention is to trans-
mit telegraph code signals in one channel of a
raultichannel carrier circuit such that substan-
tially identical impulses of carrier current indi-
cate only space-to-mark and mark-to-space
transitions.

Ancther object is to employ substantially. a
minimum amount of electrical power in order to
transmit a given amount intelligence.

A further object is to eliminate all line current
during intervals in which no intelligence is being
transmitted.

Still another cbject is to obviate the necessity
of maintaining current on the line during idle
periods for level compensation purposes.

A still further object is to translate direct cur-
rent signals of conventional type into transition-
al alternating current pulses.

Another object is to-translate alternating cur-
rent transitional pulses into conventional direct
current signals.
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In a specific embodiment, the present inven-
tion comprises sending and receiving loops oper-
ated by direct current and connected together by
a line arranged to transmit alternating current.
At the sending end, signals originate in the send-
ing loop as periods of direct current flow corre-
sponding to marks, and as periods of no current
flow corresponding to spaces. The successive pe-
riods of current and no current in the sending
loop are translated into pairs of direct current
pulses of opposite polarity. The individual pulses
are distinguished from each other on the basis of
their polar characteristics by a pair of gaseous
discharge devices and thereafter impressed suc-
cessively on a modulator for translation into suc-
cessively identical pulses of alternating current
of certain frequency. At the receiving loop the
successive alternating current pulses are rectified
and then translated into successively identical
steep wave front voitage pulses. These pulses
are successively impressed on a pair of similarly

poled gaseous discharge devices so arranged as .

to effect alternately in the receiving loop a period
of direct current flow corresponding to a mark-
ing signal and a period of no current flow corre-
sponding to a spacing signal. The correspond-
ing marking and spacing signals occurring in both
the sending and receiving loops are substantially
identical in character.

A modification contemplates imparting dis-
tinctive magnitude characteristics to successive
marking and spacing impulses of carrier current
to avoid persistent inversion of the received sig-
nals which inversion might tend to result from
the reception of an odd number of spurious car-
rier current pulses. In this modification, a pilot
channel regulator located at the receiving termi-
nal compensates for variations of line attenua-
tion.

The invention will be readily understood from
the following description taken together with the
accompanying drawings in which:

Fig. 1 is a schematic circuit illustrating a spe-
cific embodiment of the invention, and

Fig. 2 shows the action at certain points of
Fig. 1.

Fig. 1 shows a combined sending and receiving
terminal of an alternating current telegraph sys-
tem arranged for full-duplex operation such that
discrete impulses of alternating current are
formed at the sending terminal of g transmission
line and detected at a receiving terminal thereof.
This system may be modified for half-duplex
operation in a manner that will be hereinafter
pointed out. It is to be understcod that the ar-
rangement of Fig. 1 is duplicated at the opposite
end of the transmission line to provide a two-way
carrier wave telegraph system.

Referring to Fig. 1, a sending loop 10 is ap-
plied through a pulse-forming transformer 11 and
leads 12, {3 and 14 to the control grids of gase-
ous discharge tubes 15 and 16 arranged in push-

" pull relation. Included in the leads (2 and (4 are
respective single pole switches 1T and {8 whose
function will appear subsequently and which
normally rest on a pair of outer contacts 19, 19,
The sending loop 10 embodies in series a key 28, a
grounded source 21 of direct current potential and
the primary winding of the pulse-forming trans-
former (1,

The negative terminal of a source 26 of direct
current potential, whose positive terminal is con-
nected to a point 27 common to the cathodes of
both tubes 15 and 18, is applied to the control
grids of both thereof, through lead 13, secondary
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windings of the pulse-forming transformer I,
leads 12 and t4, terminals 19, 19 and switches
{T and 18. The anode circuit of tube {5 extends
through anode resistance 28, primary winding 29
of transformer 34, source 31 of ancde potential,
lead 32, to the common point 27, The anode cir-
cuit of tube 16 is connected through anode re-
sistance 28a, the positive terminal of the source
31, and lead 32 to common point 27.

The secondary windings 38 and 36 of the trans-
former 34 are respectively connected, via scurce
23 of direct potential, between the signal grids
and cathodes of an electron diseharge modulator
27 comprising pentagrid converter tubes 3Ta and
37b connected in push-pull relation. A source 42
of carrier current of certain frequency is connect-
ed between the common point 23c¢ cof the cath-
odes and the oscillator grids of both tubes 37a
and 376 whose accelerating grids are connected
together, and to a potentiometer arrangement
consisting of serially connected resistances 42a
and 42c bridged around direct current source 42b
which supplies anode potential to both tubes 37a
and 31b. The primary winding of input trans-
former 38 is serially connected in both anode cir-
cuits cf the tubes 37¢ and 31b, while its secondary
winding is applied to the input side of sending
filter 39,

The tubes 37a and 37 and the carrier current
source 42 serve to apply impulses of aliernating
current to the transmission line 41 under con-
trol of voltages present successively in the trans-
former 34 in a manner that will be hereinafter
described. At all other times the source 23 serves
to effectively bias the signal grids of the tubes
3Ta and 31D to suppress carrier current from the
source 42,

Incoming transmission line 46 is applied to a
channel receiving filter 41 through an input trans-
former 45 and a terminal regulating amplifier 48
whose function will be subsequently explained.
The receiving filter 47 is applied to an input wind-
ing of a transformer 49 whose split output wind-
ing is connected to the diode portion of a diode
rectifier-triode amplifier tube 58 of which the
triode portion is impressed across the input
winding of a transformer 5i. A source 52 of di-
rect potential is applied through the primary
winding of the transformer 5! to the anode of the
triode. An R-C network 53 serves to supply bias-
ing potential to the control grid of the triode in
the usual manner. The diode portion of the tube
50 is arranged for full wave rectification.

The output winding of the transformer 5! ex-
tends over leads 54 and 55 to the control grid-
cathode circuits of gaseous discharge tubes §8 and
57 embodied in receiving loop 44 as will pres-
ently be explained, and whose control grids have
connected in series therewith respective current
limiting resistors 58 and 59. The ancde circuit
of the tube §1 embodies common cathode termi-
nal 69, lead &1, source 62 of direct potential,
point 70, lead 67, and resistance 68. The anode
circuit of the tube 56 is completed through either
of the following two paths: (1) common cathcde
terminal 690, lead 81, source 62 of direct potential,
point 10, winding of sounder 63, key 64, winding
66 of transformer 14, the anode-cathode of the
tube 88, and back to the common point §0; and
(2) common cathode terminal 69, lead §i, source
62 of direct potential, point 710, lead 67, artificial
line T4¢, lead 12, winding 13 of transformer 74,
the anode-cathode of the tube 56, and back to the
common point 60. The function of the path (2),
called the artificial line path, will be hereinafter
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pointed out. The windings 66 and 13 constitute
the primary winding of a pulse-forming trans-
former T4 utilized for half-duplex operation in a
manner that will be subsequently explained. A
common source 88 of direct potential serves to
biss the control grids of the tubes 86 and 51
through respective adjustable contacts 8! and 82.
A capacitor 19 is applied across the anodes of
both tubes 56 and 51, : L
Pilot wave regulation embodies at the sending
termingal of the line 41 a source 83 of alternating
current of suitable frequency and fixed voltage
applied through a series tuned circuit 84 across
the input winding of the line transformer 48. A
single pole single throw switch 84q is connected
in series with the tuned circuit 84 and the pilot
source 82, At the receiving terminal of the line
48, the received pilot wave is applied through
transformer 25, series tuned circuit 86 and trans-

former 87 to a dicde rectifier 88 arranged for full ¢

wave rectification. The rectified pilot voltage is
impressed over lead 89 and secondary winding
of line transformer 99 to the control grid of a
variable mu thermionic amplifier 81 whose out-
put is impressed through transformer 92 onto the
input winding of the transformer 45. A source
84 of direct potential is applied through the in-
put winding of the transformer 92 to the anode
of the amplifier §i.

The operation of Fig. 1 will now be explained
in the following order: firstly, full-duplex with
successive- carrier current impulses having sub-
stantially identical magnitudes of envelopes; sec~
ondly, half-duplex with successive carrier current
impulses having substantially jidentical magni-
tudes of envelopes; thirdly, full-duplex with suc~
cessive carrier current impulses having different
magnitudes of envelopes; and fourthly, half-
duplex with successive carrier current impulses
having different magnitudes of envelopes.

In the operation of Fig. 1 arranged to produce
and utilize a series of discrete carrier current
impulses such that successive carrier current im-
pulses have substantially uniform or identical
magnitudes of envelopes, ib is to be understood
that the two secondary windings 35 and 36 of
the transformer 34 embody the same number of
turns; that the contacts 81 and 82 of the biasing
source 80 at the receiving terminal are so ad-
justed that the same magnitude of biasing volt-
age is simultaneously impressed on the control
grids of both tubes 5§ and 51; and that the send-
ing key 64 of the receiving loep 44 is in a closed
position.  When the sending key 20 is in the
closed position, direct current flows steadily in
the sending loop 10, and therefore through the
primary winding of. the pulse-forming trans-
former §4. This will be assumed to be a marking
condition. When the sending key 20 is in the
open position, such direct current decays to zero.
This will be assumed to be a spacing condition.

Tor the purpose of this explanation, it is as-
sumed thab the sending key 26 has been open for
a, period sufficiently long that a steady state pre-
vails in the system. This means that, as-a con-
sequence of a previous operation, gaseous tubes
i and 57 are ionized; gaseous tubes {5 and 5%
are deionized; and the voltages across the sec-
cndary windings 35 and 36 of the transformer 34
are substantially zero. Further, this means that
the modulator 37 does not apply impulses of car-
rier current to the line 4§, as the biasing source
23 pullifies the effect of the -carrier source 42
on the tubes 3Ta and 31b.

The building up and decay of direct current
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from the source 2! in the sending loop 10 through
the primary winding of the transformer {1 for
the respective marking and spacing signals is
illustrated in Fig. 2A. As is well known, & rising
primary current causes the induction of a voltage
in the secondary winding of the transformer it
in one direction such that as the primary current
reaches its steady state value the voltage in the
secondary winding will have attained its maxi-
mum and then fallen to zero; and a falling pri-
mary current causes the induction of a voltage
in the secondary winding of the transformer ||
in the opposite direction such that as the primary
current reaches its steady state value the voltage
in the secondary winding will have attdined its
maximum value and then fallen to zero. The
voltage in the output winding of the transformer
{1 will then be a series of sharp pulses of alter-
nately opposite polarity, one pulse at the start
of each of the marking and spacing signals.
Thus, the positive and negative voliage pulses
for the respective marking or spacing signals in
the sending loop 0 are illustrated in Fig. 2B.
Accordingly, the positive and negative voltage
pulses applied to the respective control grids of
the gaseous tubes 15 and 6 to control jonization
therein in the well-known manner are represent-
ed as the stéep front pulses in Fig. 2B,

As the gaseous tube 15 is assumed to be de-
ionized, the application of the voltage pulse of

‘positive polarity, Fig. 9B, to the control grid of

the tube I5 in response to a marking actuation
of the sending key 20 will institute jonization
therein in the well-known manner. As the an-
ode circuits of gaseous tubes 15 and {8 include
individual resistors 28 and 28¢ respectively, and
as the anodes of hoth latter tubes are directly
connected by the capacitor 23, the starting of
ionization in the tube I5 causes a drop momen-
tarily in the effective anode voltage applied to the
gaseous tube 6 below a value at which ionization
can be maintained. Hence, icnization in the
gaseous tube 16 is quenched. The application of
the voltage pulse of negative polarity, g, 2B,

5 in the control grid circuit of the gaseous tube {8,

in response to a spacing actuation of the sending
key 20 will institute ionization in the latter tube
in the well-known manner. Here again the ca~
pacitor 33 and resistors 28 and £8¢ serve to re-
duce momentarily the effective anode voltage ap-
plied to the tube {5 below a value at which ioni-
wation therein can ke maintained. Hence, ioni-
zation in the tube 15 is guenched. Thus the
marking and spacing voltage pulses of opposite

5 polarities, Fig. 2B, are effectively separated and

serve to institute alternate ionization in the tubes
15 and 16 to produce a flow of current alternately
in the anode circuits of the tubes I3 and 6 such
that each ancde current possesses the wave con-
figuration illustrated in Fig. 2C. Consequently,
these anode currents are substantially identical
in wave pattern in their respective circuits for
both marking and spacing actuations of the send-
ing key 29, but flow in opposite directions with

5 respect to junction point 31¢ of these latter cir-

cuits.

Ignition and extinction of ionization in the tube
i5 cause a flow of the anode current, Fig. 2C, in
the winding 29 of the fransformer 34, - This
serves to induce voltages in each of the wingdings
35 and 36 coupled to the winding 28, This is
achieved in the manner pointed out above in
connection with the corresponding action in the
logp transformer (1. Consequently, the effec-

‘tive voltages applied to the signal grid-cathode
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circuifs of the modulator tubes 3Ta and 3T and
due to each of the respective marking and spac-
ing actuations of the sending key 20 will have
the wave shapes shown in Fig, 2B. As the wind-
ings 35 and 36 embody the same number of
turns, the magnitude of the successive individ-
ual voltage pulses, Fig. 2B, will be substantially
equal.

Due to the push-pull connection of the modu-
lator tubes 37a and 31b, the positive impulse of
the voltage cycle, Fig. 2B, serves to render the
signal grid of the modulator tube 37a momen-~
tarily positive. This institutes a flow of space
current in the output circuit of the latter tube
whereby the carrier source 42 is enabled to trans-
mit to the primary winding of its output trans-
former 38 an impulse of carrier current having
the envelope shown as impulse (a) in Fig. 2E.
The positive impulse of the voltage cycle, Fig.
2B, is also applied at the same time to the signal
grid of the modulator tube 376 and has no effect
on the operation thereof except to drive its sig-
nal grid more negative momentarily. Converse-
ly, the negative impulse of the voltage cycle, Fig.
2B, has no effect on the operation of the modu-
lator tube 37a, except to drive its signal grid
more negative momentarily, while at the same
time this negative impulse renders the signa]l grid
of the modulator tube 31b positive momentarily.
This institutes a flow of space current in the out-
put circuit of the latter tube whereby the car-
rier source 42 is enabled to transmit to the pri-
mary winding of the output transformer 38 an
impulse of carrier current having the envelope
illustrated as impulse (b) in Fig. 2B. Thus, the
modulator 37 serves to convert the two voltage
Impulses of opposite polarity, Fig. 2B, into the
two carrier current impulses () and (b), Fig.
2E, which impulses are provided substantially
with equal envelopes for the reason that the ef-
fects of the positive and negative impulses, Fig.
2B, on the modulator 37 are substantially the
same. Thus, in Fig, 2E, the impulse (a) corre-
sponds to the space-to-mark transition while the
Impulse (b) corresponds to a mark-to-space
transition. The sending channel filter 39 rounds
off the impulses of carrier current, 28, to form
the carrier current impulses 2F which are trans-
mitted to the line transformer 40 such that the
impulses (¢) and (d) Fig. 2F, correspond to the
impulses (a) and (b), Fig. 28, respectively,

At the receiving terminal the received im-
pulses (¢) and (d) Fig. 2F, are applied directly to
the receiving transformer 45, thence successively
to the channel filter 47, transformer 49, and the
rectifier-amplifier 50. The regulating amplifier
48 and associated circuits are not involved in the
mode of operation discussed at this point. In
the output of the amplifier-rectifier 50, the am-
plified rectified marking and spacing carrier im-
pulses appear as substantially identical space-to-
mark and mark-to-space rectified impulses (e)
and (f) respectively, Fig. 2G. The space-to-
mark and mark-to-space rectified impulses (e)
and (f), Fig. 2G, are impressed through the
transformer 5{ onto the control grids of the gas-
eous tubes 56 and §1. At this point the space-
to-mark and the mark-to-space impulses appear
as the respectively identical impulses (g) and
(r), Fig, 2H. Each of the latter impulses is im-
pressed in turn on the control grids of both
tubes 56 and 57 at the same time. Whichever
tube has ionization quenched, that tube will then
have ionization instituted therein as the thresh-
old bias provided by the source 80 is counter-
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acted by the impulse (¢) or (h), Fig. 2H, by at
least a certain minimum amount. Due to the
combined action of condenser 719, resistance 8,
and the effective resistance of the receiving loop
44, the institution of ionization in one of the tubes
56 and 87 serves to quence forthwith ionization
in the other of these tubes. As the tubes 5% and
5T are not arranged in the push-pull relation, the
negative loops of both the impulses (¢) and (B),
PFig. 2H, in nowise affect the ionization or de-
ionization of either of these tubes, such action
being influenced exclusively by the steep fronts
of the positive portiong of impulses (¢) and (h),
Fig. 2H.

As the tube 56 is assumed to be deionized, and
the tube 57 to be ionized, the space-to-mark im-
pulse (g), Fig. 2H, impressed on the control grid
of both tubes 56 and 57 at the same time serves
to institute ionization in the tube 58 whereupon
ionization is quenched in the tube 57 in the usual
manner, One portion of anode current of the
tube 55, therefore, flows in a circuit extending
from positive terminal of source 62, branch
point 70, winding of receiving sounder 63, key
64, winding 66 of transformer 14, anode-cathode
of tube 56, common terminal 69 and lead 61 to
the negative terminal of the source €2. From
the branch point 70 another and equal portion
of anode current of the tube 56 flows in a circuit
including lead 67, artificial line 7T4a, lead 72,
winding 73 of the transformer 74, anode-cathode
circuit of the tube 56, common point 60, lead 61,
source 62 and back to the branch point 70. This
flow of current serves to actuate the receiving
sounder 63 to a marking position to repeat the
initial marking condition previously established
in the sending loop key 20.

The mark-to-space impulse (%), Fig. 2H, next
impressed on the control grids of both tubes 58
and 5T at the same time serves to institute ion-
ization in the tube 51, whereupon ionization is
quenched in the tube 58, so that anode current
flows in a circuit comprising positive terminal
of source 62, branch point 70, lead §7, resistor
68, anode-cathode circuit of tube 87, common
terminal 60, lead 61 and negative terminal of
the source 62. As the extinction of ionization in
the tube 58 interrupts the flow of energizing cur-
rent for the receiving sounder 63 in the previ-
ously traced receiving loop 44, such current in-
terruption will cause the sounder §3 to be actu-
ated in the well-known manner to a spacing po-
sition to repeat the initial spacing condition pre-
viously established in the sending loop key 20,
Hence, the building up and decay of energizing
current in the receiving loop 44 is illustrated in
Fig, 2A.

Thus the marking and spacing signals effected
by the sending key 20 in the sending loop 10 and
comprising sustained variable periods of direct
current flow interspersed with equally variable
periods of no flow of direct current are subse-
quently established as substantially identical di-
rect current signals in the receiving loop 44. Ac-
cordingly, both the initial and final signals are
illustrated in Fig. 2A,

While the foregoing is based on closed and open
periods of the sending loop 18, it is evident that
polar signals would accomplish substantially the
identical sequence of action,

For the operation of Fig. 1 on half-duplex such
that successive space-to-mark and mark-to-space
impulses are provided with substantially uniform
or identical magnitudes of envelopes, the switches
17 and 18 are initially actuated to both inner con-
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tacts 95, 85. It will be understood that at the op-
posite terminals of the lines 41 and 46, not shown,
is located equipment identical with that shown in
Fig. 1, and further that corresponding switches
{1 and {8 thereat are likewise operated to corre-
sponding inner contacts $5, §5. This switching
operation effectively disconnects the sending loop
{0 from the line 41, and simultaneously therewith
effectively conditions the loop 44 for both the
transmitting of signals to the line 41 and the re-
ceiving of signals from the line 46 such that the
received signals are isolated from the line 41.

Such isolation is occasioned by the fact, as pre-
viously pointed out, that when a mark-to-space
impulse is received from the line 46, the ionization
of tube 56 is quenched so that no space current
flows in either winding 66 or 13; whereas, when a
space-to-mark impulse is received from the line
4% ionization is instituted in the tube 56 and
equal amounts of space current are caused to flow
in opposite directions in the windings 8 and 13
as indicated by the arrows. Equalization of these
space currents may be attained by suitable ad-
justment of the resistive characteristic of the ar-
tificial line 74a. Therefore, it is clear that dur-
ing both the conditions of deionization and ioni-
zation of the tube 56 no voltage is produced in
either of the secondary windings 98 or 97 of the
transformer 74.

Half-duplex sending is initiated by operating
the key 84 to the closed position to fransmit to
the line &1 a space-to-mark impulse. During
such operation, however, it is to be understood
that the corresponding key located at the receiv~
ing terminal of the line 41, not shown, is in the
closed condition so that the corresponding tubes
58 and 57 thereat are in the ionized and deion-
ized conditions respectively. Next, the key 64 is
operated to the open pesition to fransmit to the
line 41 a mark-to-space impulse. Such opera-
tions of the key 64 achieve precisely the same se~
quence of operations as that hereinbefore ex-
plained in connection with the corresponding op-
erations of the key 28 in the cage of full-duplex
operation, whereby impulses of carrier current,
Figs. 2E and 2F, are caused to be transmitted to
the line 41.

Thus, primary winding 68 of transformer 14
corresponds to the primary winding of the trans-
former 1§, while secondary windings 96 and 97 are
connected to the gaseous discharge tubes {5 and
18 in exactly the same electrical relation with re-
spect to the primary winding €5 as the secondary
winding of the transformer i! bore formerly to
the primary winding of the latter transformer in
the case of full-duplex operation. Tube 56 is-held
in the ionized condition when the key €4 is in the
open position by the fact that a voltage is applied
to the ancde of the tube 55 over a path compris~
ing positive terminal of source §2, branch point
70, artificial line T4e, lead 12, primary winding
13, anode-cathode of tube 58, common terminal
68 and lead G! to the negative terminal of the
source 62. As the amount of space current flow-
ing in the next previously traced circuil is sub-
stantially constant, as distinguished from the

“gradual build-up and decay of space current in
the primary winding 66, no voltage is induced in
the associated secondary windings 96 and 97. As
& consequence there is ne voltage to effect the
production of impulses of carrier current from
the carrier source 42 in the manner explained
above.

If the distant operator wishes to “break,” he

actuates his key 64 to the open position. This‘
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effectively transmits a mark-to-space impulse
over the line 45 whereby, in Fig. 1, ionization is
instituted in the tube 51 and ionization in the
tube §6 is quenched. This effectively opens the
loop 44-in Fig. 1 thereby rendering the operation
of key 64 in Fig. 1 further ineffective to transmit
signals., Such condition. of the loop 44 in Fig. 1
is ingtantly recognized by the operator of the key
£4 in Pig. 1 by reason of the non-responsiveness
of his sounder 63 in Fig. 1.

In the operation of Fig. 1 on the basis of full-
duplex with successive space-to-mark and mark-
to-space impulses having different magnitudes
of envelopes, it is to be understood that initially
the number of turns of the secondary winding 36
of the transformer 34 is so adjusted as to effect a
predeiermined difference between the magnitude
of the voltage produced by this winding with ref-
erence to the magnitude of the voltage produced
by the secondary winding 35 of the transformer
34; and further that the movable terminals 81
and 22 of the biasing source 80 are so adjusted as
to apply predetermined different amounts of bias-
ing voltage to the control grids of the receiving
tubes 56 and 57 so as to be commensurate with
the magnitudes of the voltages applied to the sig-
nal grids of the tubes 37a and 3Tb embodied in
the impulse modulator 37 for reasons that will
presently appear.

The performance of the transmitting end of
the system of Fig. 1 including the operations of
the key 20 and the successive ionization of the
gaseous discharge tubes 15 and 1§ due to the
space-to-mark and mark-to-space transitions is
identical with that previously explained for the
full-duplex operaticn of Fig. 1 in the case where
the successive carrier impulses possess substan-
tially identical magnitudes of envelopes; and
therefore the wave shape of the space curreni
flowing in the primary winding 28§ of the trans-
former 24 is illustrated in Fig. 2C. However, as
the number of turns of the secondary winding
35 is assumed to be larger than the number of
turns of the secondary winding 38, the space-to-
mark transitions which initiate the ionization of
tube 15 and the mark-to-space transitions, which
cause the ionization of the tube 16, are converted
into the different relative magnitudes of voltage
impulses illustrated in Fig. 2K. Hence, in Fig.
9K, the impulse (u) is effected by the secondary
winding 35 while the impulse (v) is effected by
the secondary winding 36.

As in the. case-of duplex operation described
above, the voltage impulses (w) andl (), Fig.
9K, cause the modulator tubes $7a and 3Tb re-
spectively, to draw space current alternately
whereby the carrier source 42 is enabled to sup-
ply the respective carrier current impulses k)
and (§), Fig. 2L, to the output winding of the
In this connection it will be
noted that the larger positive impulse, Fig, 2K,
enables the tube 3T¢ to transmit the larger car-
rier current impulse (&), Fig. 2L, while the small-
er negative impulse, Fig. 2K, enables the tube 31
to tranemit the smaller carrier current impulse
(), Fig. 2L. The carrier current impulses (k)
and (§), Fig. 2L, appear as the impulses (m) and
(n), Fig. 2M, respectively, on the line 41 which
impulses possess different relative magnitudes of
envelopes.

The carrier current impulses (m) and (n), Fig.
9M, are received over the line 46 and successively
applied to the rectifier-amplifier 50 which effects
in the input winding of the transformer 51 the
corresponding unidirectional impulses - (0) and
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(p), Fig. 2N. In the output winding of the trans-
former 5f, the two unidirectional impulses (o)
and (p), Fig. 2N, assume the respective configu-
rations (s) and (), Fig. 2P, and are impressed
alternately and successively on the control grids
of both tubes 56 and 57 at the same time. As
the biasing voltage applied to the control grid
of the tube 86 is larger than that impressed on
the contrcl grid of the tube 5T as previously
pointed out, only the impulse (s), Fig. 2P, is
capable of instituting ionization in the tube 58,
the impulse (£), Fig. 2P, being inadequate for
this purpose. It is to be noted that the impulse
(s) Fig. 2P, is also sufficient to institute ioniza-
tion at the same time in the tube 57, but as the
latter tube is already ionized due to a previously
received mark-to-space transitional impulse (as-
sumed), the effect of the impulse (s), Fig. 2P,
on the tube 57 is nil. The receiving tubes 56 and
6T are, therefore, actuated to cause the sounder
63 embodied in the loop 44 to reproduce the
marking and spacing signals of the sending key
20 in the manner hereinbefore described in con-
nection with the full-duplex operation of Fig. 1.

In the operation of Fiz. 1 on half-duplex with
successive carrier current impulses provided with
magnitude discrimination, the aforementioned
adjustment of the relative number of turns of
the secondary windings 35 and 36 of the trans-
former 34, and the different magnitudes of bias-
ing voltage impressed on the control grids of the
receiving tubes 56 and 57 are maintained identi-
cal with the above-mentioned operation of Fig. 1
on full-duplex with magnitude discrimination.
The operation of Fig. 1 on half-duplex with mag-
nitude discrimination is the same as the previ-
ously described operation of Fig. 1 on half-duplex,
except in the former operation the successive
carrier current impulses are provided with differ-
ent magnitudes of envelopes. For the purpose of
this illustration, the space-to-mark impulses are
provided with the larger envelopes and the mark-
to-space impulses with the smaller envelopes.
Therefore, the receiving terminal in PFig. 1 is ar-
ranged to discriminate between the carrier cur-
rent impulses of different magnitudes of envelopes
exactly in the manner set forth hereinbefore in
connection with the full-duplex operation of Fig.
1 with magnitude discrimination as illustrated
in Figs. 2K, 2L, 2M, 2N and 2P.

The carrier current impulses of different mag-
nitudes of envelopes, Fig. 2M, prevent permanent
turnover between spacing and marking functions
of Fig. 1 when the turnover is occasioned by re-
ceiving an odd number of false impulses due to
interference in a manner that will be presently
explained. According to the above explanation,
the institution of ionization in the sending tube
I5 results in the institution of ionization in the
receiving tube 56 while institution of ionization in
the sending tube 16 results in the institution of
ionization in the receiving tube 51. If tube 57
is accidentally ionized while the tube {5 is also
ionized, or if the tube 56 is ionized while the tube
18 is ionized, it is obvious that incorrect signals
will occur in the sounder §3. However, the mag-
nitude discrimination between the space-to-mark
and mark-to-space impulses, Fig. 2M, prevents
error beyond a single transition for the follow-
ing reason:

Let—

V=the larger voltage magnitude to ionize tube 56.
v=the smaller voltage magnitude to ionize
tube 57.

Tube jonized
Case| Magnitude of false Result
No pulse Beforo in- | After inter-
5 terlerence ference
1. Lessthanv._____. ... Either No change | No eflect,
[ Greater than », less 57 57 Do.
than V.

56 57 1 Error.

56 57 Do.

57 56 Do.

In the last three cases, the effect of the next
legitimate pulse is as follows:

15

Tabe ionized

Case
No.

Magnitude of

next pulse Result

Before | [ter pulse arrives

pulse
arrives

Actual | Desired

20

56

57
56
&7

57
87
57
56

57
57
56
56

Scquence re-
stored.
Do.
Error.
Sequence
stored.

re-

25

In case 8, the transition is incorrectly received,
but since the next signal is perforce of the smaller
magnitude, it finds tube 57, which it should
ionize, already in that condition, and since its
magnitude is insufficient to ionize 58 the normal
sequence is restored forthwith.

In the operation of Fig. 1 with magnitude dis-
crimination as above explained, pilot wave reg-
ulation provides the space-to-mark and mark-to-
space impulses arriving at the primary winding
of the receiving transformer 45 with substantially
the same relative magnitudes of envelopes that
these impulses had when they were applied to the
sending terminal of the line 41. Such regulation
prevents the mark-to-space impulse of the lesser
magnitude of envelope, Fig. 2M, from institut-
ing iomization in the tube 56 when the attenu-
ation of line 41 is relatively low; or the space-
5 to-mark impulse of the greater envelope, Fig, 2M,
from failing to institute ionization in the tube 56
when the attenuation of line 41 is relatively high;
such regulation also has the_ further advantage
of minimizing the effects of interference on line
4i or 46.

In the operation of the specific pilot wave reg-
ulator illustrated herein, a pilot alternating cur-
rent wave of suitable frequency provided by the
source 83 is applied through the series tuned
circuit 84 and line transformer 40 {o the sending
end of the line 4i. At the receiving end of the
line 48, this pilot wave is rectified in the rectifier
88 and the rectified voltage across the resistor 18
is utilized to control the gain of the variable mu
amplifier 9{. As the pilot wave undergoes the
same line attenuation as the transmitted space-
to-mark and mark-to-space impulses, the receiv-
ing terminal amplifier 48 serves to maintain the
envelopes of these impulses substantially at de-
sired relative magnitudes as illustrated in Fig.
2M. The switch 84a may be utilized to discon-
nect the pilot source 83 from the line 41 during
intervals when no intelligence is being trans-
mitted.

In the above-explained operations of Fig. 1 on
the basis of both full-duplex and half-duplex,
both with and without magnitude discrimination,
the successive impulses of carrier current are
transmitted on the line for timing purposes only,
75 the durations of such impulses being, from a
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time standpoint, only sufficient to allow the re-
ceiving apparatus to respond to and indicate the
occurrences of transitions. Hence, carrier cur-
rent is utilized only for the purpose of trans-
mitting intelligence, and is disconnected from
the line during other periods. In the latter pe-
riods, it is ocbviously unnecessary to transmit pilot
current for regulation purposes; and therefore
pilot current may also be utilized only during
intervals when carrier current is being utilized
to transmit intelligence and may be disconnected
from the line during other periods.

Although the invention has been illustrated in
connection with the use of metallic lines and a
manually operated sending key, it is obvious that
the invention may be expeditiously utilized in
radio signaling systems as well as telegraph
printers to produce marking and spacing im-
pulses in systems involving metallic lines or radio
systems. Further, it is to be understood that in-
dividual carrier current impulses can be inter-
changed to represent either mark-to-space or
space-to-mark transitions without affecting the
performance of the system.

What is claimed is:

1. An alternating current signal transmission
system comprising a source of alternating cur-
rent, a transmission channel therefor, means for
preventing the transmission of alternating cur-
rent from said source to said channel at all times
except when intelligence is being sent, means for
producing voltages indicative of mark-to-space
and space-to-mark transitions to identify the be-
ginnings and endings of marking and spacing sig-
nal elements, and means controlled by said volt-
ages to transmit impulses of alternating current
from said source to said channel, said last means
including means for causing the transmission of
alternating current impulses of successively dif-
ferent amplitudes.

2. A carrier current transmitting system com-
prising a transmission line, source of carrier cur-
rent, circuit means including a pair of electron
apparatus for controlling the connection of said
source to said line, both said apparatus being
biased for effectively disconnecting said source
from said line during idle periods, means for pro-
ducing a voltage of certain polarity to identify a
signal transition from mark-to-space or space-
to-mark, means including a pair of gaseous dis-
charge devices arranged to ionize alternately in
response to the certain voltages produced by
the signal transitions, and means responsive to
jonization in one of said devices for producing
further voltages of such magnitude and polarity
as to overcome the bias alternately on each of
said apparatus and thereby cause electron flow
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alternately in both said apparatus, each of said
apparatus during the electron flow therein
transmitting carrier current from said source to
said line,

3. A carrier current transmitting system com-
prising a transmission line, a source of carrier
current, means including a pair of electron dis-
charge devices arranged in push-pull for con-
necting said source to said line, said devices be-
ing normally biased to cut-off to prevent trans-
mission of carrier current from said source to
said line, means for producing voltages to iden-
tify signal transitions from mark-to-space and
space-to-mark, means including a pair of gase-~
ous discharge tubes arranged to Ionize alter-
nately in response to the voltages produced by
the signal transitions, and a transformer having
a primary winding connected in the output cir-
cuit of one of said tubes and two secondary wind-
ings, each secondary winding being connected in
the input circuit of a respective one of said de-
vices, and impressing on the input circuits of
respective devices, in response to successive
ionization and deionization in said one tube, re-
spectively opposite voltage sufficient to over-
come the normal bias alternately on said de-
vices and to cause said devices alternately to
transmit carrier cwrrent impulses from said
source to said line.

4. A carrier current transmitting system com-
prising a transmission line, a source of carrier
current, means including a pair of electron dis-
charge devices arranged in push-pull for con-
necting said source to said line, said devices be-
ing normally biased to cut-off to prevent trans-
mission of current from said source to said line,
means for producing voltages to identify signal
transitions from mark-to-space and space-to-
mark, means including a pair of gaseous dis-
charge tubes arranged to ionize alternately in
response to the voltages produced by said sig-
nal transitions, and a transformer having a
primary winding connected in the output cir-
cuit of one of said tubes and two secondary wind-
ings having unequal turns ratios with reference
to said primary winding, each secondary wind-
ing being connected in the input circuit of a
respective one of said devices, said transformer
in response to ionization and deionization in said
one tube impressing voltages of unequal magni-
tudes and alternate polarity on the input cir-
cuits of respective devices to overcome the normal
bias alternately thereon to unequal extents and
thereby cause said devices to transmit carrier
current impulses of successively unequal magni-
tudes from said source to said line.

ANDREW L. MATTE.




