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Claims. 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereOn. 
This invention relates to keying circuits for 

radio transmitters and more particularly to the 
keying circuits which periodically key transmit 
ters by means of pulses of short duration. 
The invention will be described in connection 

with the radio object locating system, but it is 
to be understood that the invention has a wider 
utility and may be used with any type of pulse 
modulated radio transmitterS. 

In radio object locating systems the trans 
mitter exploratory pulses are of short duration 
and high power, effectiveness of the Systems de 
pending to a very large extent on the power of 
the transmitted exploratory pulse. This type of 
operation requires very large concentration of 
power in extremely short periods of time, and the 
task of delivering this power to the transmitters 
evolves upon the keyers, since plate modulation 
is assuming a more and more dominant position 
in the transmitter circuits of the radio object lo 
cating systems. In the pending application of 
John E. Gorham, et al., Serial No. 543,742, filed 
July 6, 1944, entitled “Line Pulse Modulator,' 
now Patent No. 2,534,261, issued December 19, 
1950, circuits are disclosed in which the results 
are accomplished by using ignitrons; in my appli 
cation Serial No. 543,741, filed July 6, 1944, en 
titled “Line Pulse Modulator,' now Patent No. 
2,533,285, issued December 12, 1950, circuits are 
also disclosed which use either thyratrons or 
ignitrons for periodically discharging an arti 
ficial line. The outstanding advantage of the 
line pulse modulators using ignitrons resides in 
their large peak power rating; a disadvantage of 
the line pulse modulators of this type is that, be 
cause of the inherent ignition characteristics of 
the ignitrons, there is a certain amount of "jitter' 
present in the output. This jitter is due to a slight 
time difference in the actual ionization of the 
ignitrons, or, more specifically the time between 
the application of the ignition pulse and the igni 
tion of an arc between the mercury pool and the 
bracket holding the ignition electrode is not a 
constant. This is indeed the case even when the 
ignition pulses impressed on the igniter-elec 
trode are very ?arefully timed and their magni 
tudes are very carefully controlled. The arc be 
tween the cathode and the anode forms almost 
immediately upon ignition, closing the anode cir 
cuit in a very small fraction of a micro-Second 
after the formation of hot spot on the cathode. 
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But the ionization time per se varies from cycle 
to cycle, the variations following a simple statis 
tical law, and they are known in the art as jitter. 
AS disclosed in the above mentioned applications, 
the jitter may be reduced to a fraction of a 
microSecond by properly constructing and posi 
tioning the igniter-electrode in the ignitron, but 
it is nevertheless generally true that a reduction 
in jitter may be accompanied by a very large in 
Crease in the driving power impressed on the 
igniter circuit which ultimately may reach a re 
quired power level in the order of several hun 
dred kilowatts. When very large modulating 
power, in a form of keying pulses the duration of 
which is greater than 5 microseconds, is required, 
ignitrons may offer some advantages. However, 
when the duration of the keying pulses is in the 
Order of 5 microseconds or less, and it is necessary 
to reduce the jitter to an absolute minimum, the 
presence of jitter being more and more objection 
able as the duration of the keying pulses de 
Creases, it is preferable to use multiple thyratrons 
Which, under the stated operating conditions, 
besides minimizing the jitter, are capable of sat 
isfying the required peak power ratings, and at 
the very same time offer a very important and 
large Saving in the required driving power. In 
the case of the thyratrons, this required driving 
power may be only in the order of, at most, 1. 
kilowatt. The invention discloses several types 
of line pulse modulators which use thyratrons. 
According to one embodiment of the invention, 
an artificial line is discharged through a plural 
ity of thyratrons connected in series, the use 
of several serially-connected thyratrons permit 
ting employment of high voltage for charging 
the artificial line. The driving circuit is con 
Structed to produce a substantially simultaneous 
ionization of all tubes, and hence in a modulator 
of this type the jitter phenomenon is much less 
pronounced than is the case with the modulator 
using ignitrons. Moreover, since the thyratrons 
are connected in series, each tube will, of neces 
sity, conduct the same current, which insures 
equal distribution of load between the tubes. 
Equal division of total voltage among the tubes is 
Safeguarded by means of a voltage-divider, which 
is adjusted So that each tube takes its part of the 
line-charging Voltage. 
According to another embodiment of the in 

wention, the artificial line is discharged through 
a plurality of thyratrons which are connected in 
parallel between the artificial line and ground. 
Since thyratrons, When used in line pulse modu 
lators for keying radar transmitters, may repre 





5 
conductor 2 and ground tends to become im 
pressed across the cathode-anode circuit of thy 
ratron 20, and this lowering of the cathode po 
tential is equivalent to impressing a strong nega 
tive pulse on the cathode of thyratron. 20. The 
Cathode-to-grid interellectrode capacitance of 
thyratron 29 can not transmit this negative 
pulse to the grid of this tube instantaneously, 
the wave-front of this negative pulse reaching its 
maximurn in approximately few hundredths of a 
microsecond. Therefore, while the cathode of 
tube 2 is made highly negative with respect to 
its grid, its grid retains its very high positive 
potential; so does its anode, and thyratron 2 
becomes fully ionized, the power conduction tak 
ing place through the two thyratrons in Series 
at the same time. Accordingly, thyratron 29 
needs no additional triggering voltage, the inter 
electrode capacitance f 9 and resistance act 
ing as a coupling means and triggering means for 
making thyratron 20 conductive. Positive poten 
tial for making thyratrons 8 and 20 conductive 
is furnished at this instant by line 22 and par 
ticularly by its condensers 28. Thus the two 
thyratrons become fully conductive, and since 
they represent a series circuit between ground 
and the line, the line discharges to ground, the 
circuit being two thyratrons in series on One side 
and the primary of transformer 30 on the other 
side. The duration of this pulse is determined 
by the time constant of the artificial line and the 
impedance of the circuit through which it dis 
charges. The discharge impedance, which is the 
impedance of the two serially-connected thyra 
trons 8 and 20 on One side and the impedance 
of the primary of transformer 30 on the other 
Side, must match the impedance of the line to 
avoid any reflections. Thus pulses of any de 
sired length, from a fraction of one microSecond 
and up, depending on the selected parameters for 
the line, may be impressed on the secondary of 
transformer 3. This results in transmission of 
an exploratory pulse of corresponding duration 
by antenna, 34. 

Line 22 is connected to the D. C. Source of po 
tential 24 through an iron-choke coil 26, the line, 
the choke coil, and the primary of transformer 
30, forming a resonant circuit having a large time 
constant. Accordingly, when the charging pe 
riod of the line begins, current flows through 
choke coil 26, and, because of the stored energy 
in the iron core of the coil, the maximum voltage 
that is impressed on the artificial line during the 
first half of the oscillatory cycle is in the order 
of twice the voltage of source 24. This is illus 
trated in Fig. 2 where time T represents the time 
required for the charging voltage to reach its 
peak 282 during the transient Oscillatory state 
which takes place immediately before the line is 
discharged through the thyratrons. Because of 
the high inductance of coil 26, which may be in 
the order of 100-200 henrys the value of induct 
ance 26 depending upon the desired keying rate 
of the transmitter, the duration T of the rising 
portion 200 of the voltage cycle, illustrated by a 

... solid line in Fig. 2, may be in the order of 1,000 
microSeconds. This value is selected So as to es 
tablish proper coordination or synchronization 
between the keying pulses 4 and the charging 
oscillatory cycle of the artificial line 22, time T, 
Fig 2, being made equal to the keying rate (spac 
ings between pulses 4). For a more detailed 
description of the behavior and a design formu 
lae for the artificial line 22, which is sometimes 
called in the art the Guillemin line, reference 
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6 
is made to chaper 5, Foster's Theorum, in Volume 
2, of *Communication Networks'º by E. A. Guil 
lemin, published by John Wiley and Sons, Inc., 
1935. 
The reason for using two thyratrons in Series 

in Fig. 1 is to enable one to use higher Voltage 2E, 
Fig. 2, for charging the artificial line, which ob 
viously increases the power impressed on the 
anode circuit of the magnetron in transmitter 32. 
This voltage, as mentioned previously, divides it 
self equally between the two thyratrons. In one 
embodiment of the invention, the maximum Wolt 
age impressed on the two thyratrons in Series is in 
the Order of 30,000 volts; thus each thyratron 
must withstand a maximum voltage of 15,000 
Volts. 
Summarizing briefly the operation of the key 

ing circuit illustrated in Fig. 1, line 22 is charged 
by Source 24 and when the maximum voltage 
peak 202, Fig. 2, is reached, pulse 4 is impressed 
on the grid of the lower thyratron 8, which at 
Once etSablishes ionization of this thyratron. 
Since the anode-cathode circuit of this thyratron 
is subjected to a voltage E, Fig. 2, appearing 
across resistance 38, the rendering conductive 
of thyratron 8 short circuits resistor 38 and con 
nects the cathode of thyratron 20 to ground 
through the low impedance of thyratron 8. 
Since the grid of thyratrOn 8 can not become 
negative instantaneously, it remains positive long 
enough to ionize thyratron. 20. When thyratrons 
18 and 20 are made conductive, condensers 28, 
which at this instant have been charged to Wolt 
age 2E, discharge through the thyratrons and 
the primary of transformer 30, this discharge 
furnishing the necessary cathode anode voltage 
for the oscillator of transmitter 32. The cycle 
repeats itself upon the deionization of the thyra 
trons, which takes place upon the discharge of 
the artificial line. The inductance of choke coil 
26 is such that Source 24 is incapable of main 
taining the ionized state of the thyratrons upon 
the discharge of the line. 
The following circuit constants and tubes give 

satisfactory operation of the circuit disclosed in 
Fig. 1: 
Duration 

pulse. 
Keying rate------------------ 
Thyratrons 18 and 20----- 
Maximum voltage of pulse 14--- 
Resistances 16 and 42.--------- 

of the exploratory 2 microseconds 
300 pulses per second 
5C22 
200 volts 
1,000 ohms each 

Resistances 36 and 38--------- 10 megolhms 
D. C. Source of potential 24-...- 15,000 volts 
Inductance 26---------------- 30 heimrys 
Transformer 30 --- 
Artificial line: 

Time constant------------ 
Number of the inductance 

Coils. 
Maximum modulation power of 

the pulse impressed on trans 
former 30. 

It is to be noted that while in Fig. 1 only two 
thyratrons are connected in series, the number of 
the Serially connected thyratrons may be in 
Creased should the voltage generated by the arti 
ficial line be such as to exceed the rated voltage 
capacity of the thyratrons. 

Fig. 3 illustrates a line pulse nodulator whose 
peak power rating is increased by operating two 
thyratrons in parallel rather than in series. As 
mentioned previously, the basic problems en 
countered in multiple operation of the thyratrons 
are that each tube must take its portion of the 
load and there must be simultaneous conduction 
of the tubes. In parallel operation of thyratrons 
both problems are present to a greater extent 
than in Series operation of thyratrons, since in 
the latter operation of the thyratrons the series 

Output pulse transformer 
2 microsecondis 
EiWe 

4 megawatts 
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connection automatically insures equal 'division' 
of current, or expressed more accurately, there 
is no problem of equal division of current in a 
series circuit; moreover, since all of the tubes are 
simultaneously made conductive by the main 
power pulse, the shape of the output pulse and 
especially of its leading wave front, does not 
suffer any distortion. This is not necessarily the 
case in the parallel operation of thyratrOnS, un 
less the circuit is constructed so as to insure 
simultaneous power conduction in all parallel 
circuitS. Fig. 3 discloses a parallel circuit ºcOn 
nection in which no special means are provided 
for insuring simultaneous ionization of the tWO 
parallelly connected thyratrons and therefore 
simultaneous firing of the thyratrons may be ac 
complished only when the parameters of the cir 
cuits and the constants of the tubes are such as 
to produce their simultaneous ionization. In 
FigS. 4 and 5 the circuit of Fig. 3 has been modi 
fied so as to insure simultaneous power conduc 
tion of the two parallel paths by providing a cou 
pling transformer in the anode circuits of the 
two thyratrons. In the latter case, the power 
connection of the two parallel paths will be 
Simultaneous even if there is a difference be 
tween the physical characteristics of the -tubes. 

Referring to Fig. 3, two artificial lines 300 and 
302 are connected in parallel between a Source 
of potential 304 and the primary of an output 
transformer -36. The circuit also includes a 
choke coil 308 which performs the same function 
as choke coil 26 in Fig. 1. A relatively small-in 
ductance 3) is inserted between choke coil 308 
and line 382 for isolating-line. 302 from thyratron 
32 during the discharge period of line 392. 
Thyratrons 32 and 34 are connected in parallel, 
the anode of thyratron: 3 (2 being connected to 
a junction point 3 f6 while the anode of thyratron 
34 is connected to a junction point 37. The 
control grids of the thyratrons are coupled 
through condensers 38 and 320 to a source of 
rectangular pulses 322 which perform the same 
function as pulses 4 in Fig. 1. 
The functioning of the circuit disclosed in 

Fig. 3 is as follows: the artificial lines 300 and 
392 are periodically charged in the manner de 
Scribed in connection with Fig. 1; the series 
circuit of source 394, choke coil 308, lines 30 
and 382, and the primary of transformer 306 
form a long time-constant resonant circuit so 
that the maximum voltage appearing across the 
artificial lines approaches voltage 2E illustrated 
in Fig. 2. At this instant a positive rectangular 
pulse is Simultaneously impressed on the grids 
of thyratrons 32 and 34 with the result that 
they are ionized and line 300 discharges through 
thyratron 32 while line 302 discharges through 
thyratron 34, the discharge of line 302 through 
thyra tron 3 12 being blocked by a Small induc 
tance coil 30. On the right side of the lines, 
the discharge takes place through the primary 
of transformer 308, both lines discharging, simul 
taneously through the Same primary with a re 
Sultant increase in the power impressed on the 
oscillator circuit of transmitter 32. 
simultaneous firing of the thyratrons 32 and 
34, the thyratrons should be very carefully 
imatched and their characteristics carefully 
checked periodically throughout their life since 
the initial matching of the thyratrons does not 
necessarily insure their simultaneous ionization 
indefinitely, since, as mentioned before, the trig 
gering potential i varies not only from tube to 
tube, but also during the life of each individual 
thyratron. The circuit disclosed in Fig. 3 per 

TiTo ( in Suare " 

10 

3 5 

. 40 

5 5 

70 

do not link the other coil. 

8 
forms. Satisfactorily for wide exploratory pulses 
where deviations from the simultaneous ioniza 
tion of the thyratrons may be tolerated. On 
very wide exploratory pulses, the effect of one 
tube firing a fraction of a microsecond before 
the other is not a serious disadvantage. How 
ever, on narrower pulses, which are in the order 
of 1 microsecond, the variation in firing time 
of a few tenths or even a few hundredths of a 
microsecond must be considered, and since Such 
precise matching of the two parallel paths is 
difficult to maintain, it becomes necessary to 
provide Some method for preventing the main 
pulse current from flowing until both tubes have 
been fired. Circuits of this type are disclosed 
in FigS. 4 and 5. 

Referring to Fig. 4, all connections in this 
figure are identical with those in Fig. 3 except 
that the grid of thyratron 400 is now connected 
to the output of the shaping amplifier and the 
anodes of the thyratrons 400 and 402 are con 
nected to a junction point 404 between artificial 
line 22 and choke coil 26 through a 1:1 phase 
reversing pulse transformer 496. The opera 
tion of the circuit disclosed in Fig. 4 is as fol 
lows: the grid of thyratron 400 is made positive 
by means of rectangular pulses 4 which at once 
ionizes thyratron 40, which simultaneously pro 
duces a strong positive pulse in the right wind 
ing of the pulse transformer 496. The anode 
potential of thyratron 402 rises to a potential 
which is higher than the potential 2E, Fig. 2, 
impressed upon it by the artificial line 22. The 
increase in the anode potential of thyratron 402 
causes its grid to become positive because of the 
grid-anode, interellectrode capacity 48 and as 
a consequence thyratron 402 becomes ionized and 
there is a simultaneous discharge of line 22 
through the two parallel paths provided by the 
two thyratrons. Hence the firing of thyratron 
402 is accomplished in a manner similar to the 
firing of thyratron 20 of Fig.1 except that while 
in Fig. 1 the grid remained positive because of 
the extremely rapid application of the negative 
potential to the cathode, in Fig. 4, the same re 
sult is accomplished through the anode-to-grid 
interellectrode capacitance which makes the grid 
positive. At this instant there is a flow of cur 
rent through resistance 44 to the grid -(electron 
flow) creating a positive potential drop in the 
desired direction across this resistance. With 
the two thyratons conducting, the transformer 
406 acts as a means for balancing currents in 
the two tubes. Because of the unity turns ratio 
between the two windings of the transformer, 
the impedance it. offers at this instance to the 
main pulse energy is equal to the leakage induc 
tance plus the D. C. resistance of the winding; 
the leakage inductance is represented by the 
leakage flux produced by the action of the cur 
rent in one winding of the transformer, the leak 
age flux being that portion of the flux which 
links the Winding in question without linking 
the other winding. In other Words, in the case 
of Single turn coils, the leakage flux consists of 
those lines of flux produced by the action of the 
turns in One coil which link this coil but which 

That the impedance 
the transformer 436 offers to the main pulse 
energy is equal to the resistive component of the 
winding plus its leakage inductance follows from 
the fact that two equal currents flow simultane 
ously in both windings of the transformer, and 
therefore, except for the leakage inductance, the 
two main fluxes produced by the currents neu 

75 -tralize each other. If at any instant there is 
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no such neutralization then one winding induces 
the Voltage in the other winding which is in the 
direction of decreasing the current in that other 
Winding to the point until the two currents be 
Come equal. The actual added circuit induc 
tance, because of the induction of transformer 
496 in the anode circuits of the thyratrons, is 
equal to A of the sum of the primary and sec 
Ondary leakage. The following circuit constants 
are suitable for producing a 4 microsecond ex 
ploratory pulse in the order of 2 megawatts: 
Thyratrons 4 and 402 5C22 

Wolts 200 --------------------- 4 ? Pulse 
Repetition rate of pulse 4- 200 pulses per second 
Resistances 42 and 4 4.- 1000 ohms each 
D. C. source of potential 

volts 5,000 - - - - - - - - - - - - - - - - - - - - ?? 41 
Choke coil 26------------ 50 henrys 
Artificial line 22: 

Time constant ------- 2 microSeconds 
Number of inductance 

coils -------------- fiye 
Maximum m o dul a ti on 
power of the pulse im 
preSSed on transformer 
"6 ------------------- 2 megawattS 

Fig. 5 illustrates a combination of the circuits 
disclosed in Figs. 1 and 4. In Fig. 5, two parallie 
discharge paths are provided and simultaneous 
ionization of the discharge paths is insured by 
introducing a 1:1 ratio transformer 59 between 
the anodes of thyratrons 590 and 582 and line 
22. The potential impressed on the two parallel 
discharge paths by the artificial line is equally 
divided by the thyratrons 500, 54 on the left 
Side, and thyratrons 52, 506 on the right side 
by shunting the serially connected thyratrons 
With the potential dividers composed of resist 
ances 53, 538 and 540, 542, Which perform the 
same function as the previously described volt 
age dividing resistors 36 and 38 in Fig. 1. Only 
the control grid of thyratron 54 is connected 
to the output of the shaping amplifier Which in 
presses positive rectangular pulses 4 on the grid. 
The functioning of the circuit disclosed in Fig. 5 
is as follows: 

Rectangular pulses 4 make thyratron 54 con 
ductive which at Once makes thyratron 53 con 
ductive in accordance with the action of the 
Series circuit disclosed in connection. With Fig. 1. 
It may be recalled that this action depends upon 
the interellectrode capacitance which transmits 
the positive pulse to the grid of thyratron 5 
simultaneously with the ionization of thyratron 
St. Simultaneously With the ionization of the 
left path, including thyratrons 50 and 5), a 
large positive pulse is impressed by transformer 
507 on the anodes of the thyratrons 502 and 56 
because of the interaction between the Windings 
508 and 59 of this transformer, and this posi 
tive pulse is transmitted to the control grids of 
thyratrons 502 and 56 through the anode-grid 
interelectro de capacitanceS. This produces 
simultaneous power conduction of the thyratrons 
506 and 52. Transformer 50 from then on acts 
as a means for equalizing the current in the two 
paralel paths in the manner described in con 
nection with Fig. 4. Because of the extremely 
rapid rate of rise of the Voltage applied to the 
grids of the thyratron 50 on the left side and 
thyratrons 502 and 506 on the right side, Sub 
stantially simultaneous power conduction of all 
tubes is obtained with the concomitant steep 
Wave-front of the modulating pulse. 
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10 
FigS. 4 and 5 disclose the use of two parallel 

paths for increasing the current-carrying ca 
pacity of the shunting path; it is to be under 
Stood that the number of the parallel paths may 
be larger than two by increasing the number of 
the transformers. 
The maximum jitter in the disclosed circuits is 

limited to the Sum of the maximum jitters ob 
tainable under given conditions with the total 
number of gas-filled tubes used in the circuit; in 
the di SclOSed modulatorS it is in the order of 
Several hundredths of a microsecond, which is 
a considerably lower value than that obtainable 
When the gas-filled tubes are substituted for by 
ignitrons. The circuits used for producing 
ionization in the thyratrons, i. e., thyratrons 500, 
532 and 506 for example, in Fig. 5, other than 
the thyratron (504, Fig. 5) ionized by pulse 4, 
all introduce a certain delay which ordinarily 
exceeds the jitter. However, this delay is a con 
stant quantity and therefore does not enter into 
the calculation of the jitter nor does it increase 
the jitter in practice. That this is the case foll 
lows from the fact that the power conduction 
does not begin until there is complete ionization 
of all thyratrons, and therefore although the de 
lay element or elements of time are actually po 
sitioned between several individual thyratron 
jitters, the relay elements, being constant, never 
theless do not participate in the summation of 
the individual jitters. Thus the maximum jitter 
is limited to the sum of the jitters introduced 
by the individual thyratrons. Because of the 
extremely steep Wave-front and large magnitude 
of the triggering pulses in preSSed on the remain 
ing thyratrons by the ionization of the first 
thyratron connected to the Oscillator, the jitter 
introduced by the remaining thyratrons-per 
tube-is as much as 4 or 5 times Smaller than the 
jitter introduced by the first thyratron. Accord 
ingly, the use of a plurality of thyratrons does 
not mean an increase in the total jitter Which 
is an arithmetical Sum of the jitters the indi 
vidual values of which are equal. For example, 
if the first thyratron has a maximum jitter of 
.05 microSecond; the second thyratron in the 
two-thyratron circuit will have a jitter in the 
order of .01 microSecond, and the total jitter Will 
e 06 microSecond. 
While the invention has been described With 

reference to several particular embodiments, it 
Will be understood that various modifications of 
the apparatus shown may be made Within the 
Scope of the following claims. 

| clain: 
1. A keyer connected to a transmitter and 

including a series circuit of a source of potential, 
a choke coil, an artificial line, and neans for 
coupling Said artificial line to Said transmitter; 
a plurality of parallelly connected gaseous dis 
charge paths each of Said paths including a plu 
rality of Series-connected gas-filled triodes, each 
of Said triodes having a cathode, a grid, and an 
anode, the anode of the upper triode of each of 
Said paths being coupled to a conductor inter 
connecting Said choke coil and Said artificial line, 
and the cathode of the lower triode of each of 
Said paths being connected to said means for 
coupling, a plurality of resistances respectively 
shunting the cathode-anode circuit of each of Said 
triodes; and a Source of pulses connected to the 
grid-cathode circuit of the lower triode of one of 
said paths for rendering all of said triodes con 
ductive and discharging said artificial line 
through Said triodes and through Said means, 
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whereby said means for coupling impresses a key 
ing pulse. On Said transmitter. 

2. A keyer as defined in claim, 1, wherein the 
anodes of said upper triodies of said plurality of 
paths are coupled to said conductor and to One 
another through a pulse transformer having a 
corresponding plurality of windings, said wind 
ings having a one-to-One ratio. 

3. A line pulse modulator connected to a trans 
mitter and including a Series circuit. Of a Source 
of potential, an artificial line; and means for 
coupling said series circuit to said transmitter, 
a plurality of parallelly-connected, normally 
non-conductive gaseous' discharge paths, shunt 
ing said artificial line and said coupling means, 
one of said paths being receptive of a series of 
pulses forrendering salidt plurality of paths con 
ductive; 

4. A line pulse modulator as defined inclaim 3, 
which further includes a multiple-winding: pulse 
transformer, the windings of Said transformer 
being connected in series with the respective 
parallel paths. 

5. A line pulse modulator, as defined in claim 3, 
which further includes a multiple-Winding, pulse 
transformer, all windings of Said transformer 
having an equal number of turns, and each of 
said parallel paths including one of Said wind 
lingS. 

6. The modulator of claim 3, wherein each of 
said parallelly-connected gaseous discharge, paths 
includes a plurality of serially-connected gas 
filled tubes. 
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7. A. line pulse modulator including an arti 

ficial line, means for charging said line, a plu 
rality of parallelly-connected, normally non 
conductive gaseous: discharge paths shunting Said 
artificial line, and inductive means interconnect 
ing said plurality of paths, one of Said paths 
being receptive of a series of pulses for rendering 
said plurality of paths conductive. 
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