May 15, 1945.

DEVICE FOR PRODUCING SUCCESSIVE ELECTRICAL IMPULSES

Nt

P. L. SPENCER 2,375,830

Filed March 31, 1942 2 Sheets—Sheet 1

Fie. 1.

DEVICE |

.....

vvvvv

.....

.....

T

UTILIZATION PEVICE

YWWWWWA

%233
=— 3l
—% 30

— 29

—»——’\.:'__28

—e——%t 27

26

~— 25
| INVENTOR.
Percy L. SPENCER,

o i




May 15, 1945. P. L. SPENCER - 2,375,830

DEVICE FOR PRODUCING SUCCESSIVE ELECTRICAL IMPULSES

Filed March 31, 1942 2 Sheets~Sheet 2
The. 2.
38
+ - /
»
\ ) B
42/ I 74

|

.
[

ﬂmj EA Q}QFM/@% Prrrrrrrrr s,
22
o,
bl o Q
D
“'.
®
%
)

or s 7 iwirar

—— AN M M ANAAN———

[—

Lt A
|
.._r\__r\_._.r\___r\_r\_/\/m/m,___:

o AN N M A

[P N, W W\ W, ) VI g\ WY ¢ ) W o

39

] .

1

I

]

i
47

4

40

\\\\\\\\
\\\\\\\

S
R

A

~ INVENTOR.
PERCY L. SPENCER,

=1 By %ﬁ%

ATTY.




Patented May 15, 1945

2,375,830

UNITED STATES PATENT OFFICE

2,375,830

DEVICE FOR PRODUCING SUCCESSIVE
ELECTRICAL IMPULSES

Percy L. Spencer, West Newten, Mass., assignor to
Raytheon Manufacturing Company, Newton,
Mass., a corporation of Delaware

Application March 31, 1942, Serial No. 436,945
(CL 250—27)

19 Claims.

This invention relates to means and s method
for automatically producing a series of successive
electrical impulses.

An object of this invention is the provision of
a means and a method for automatically produc-
ing & series of successive electrical impulses.

Another object of this invention is the provi-
sion of means and a method for automatically
producing a predetermined or selected number of
successive electrical impulses.

A further object of this invention is the provi-
sion of means and a method for automatically
producing a predetermined pattern of successive
electrical impulses.

Another and further objects of this invention
will become apparent and the foregoing will be
best understood from the following description of
an exemplification thereof, reference being had
to the drawings in which

Fig. 1 is a vertical sectional view of a glow dis-
charge tube and a schematic diagram of an as-
sociated circuit, embodying my invention;

Fig. 2 is a schematic diagram of a glow dis-
charge tube and associated circuit representing
& modified embodiment of my invention; and

Fig. 3 is a fragmentary vertical sectional view
of a.glow discharge tube showing the glow dis-
charge cathode structure of another modified
embodiment of my invention,

Referring now to Fig. 1, the glow discharge
tube there illustrated is comprised of an envelope
t having a suitable gaseous atmosphere, for ex-
ample argon, neon or other mongatomic gases, at

a pressure determined by the dimensions and:

spacing of the various elements and other con-
structional and operational characteristics of said
glow discharge tube, as will be apparent from
the following. In order to produce a succession
of impulses, a plurality of glow discharge cath-
odes are provided in envelope §, the number of
cathodes being equal to the number of impulses
to be successively produced. The tube illustrated
is designed to produce nine successive impulses
and for this reason is provided with nine cath-
odes, 2, 3,4, 6, 6,7, 8 9 and i6. These glow dis-
charge cathodes may be made of any suitable
material, such as for example aluminum, and
have any suitable form, such as for example the
thin round disc-like form illustrated in horizontal-
arrangement in the drawings. The cathodes may
be supported by suitable lead-in and supporting
conductors {{ sealed through the wall of the en-
velope,

In order to produce a lower cathode drop, thus
permitting the utilization of lower operating po-
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tentials, the cathodes may be provided with an
electron-emissive coating, such as for example a
coating of barium and/or strontium oxide and/or
of other alkali or alkaline earth metal compounds.
Hereinafter in this specification and the append-

ed claims wherever the term “alkaline metals”

is employed, it is intended to mean alkali metals
and alkaline earth metals. To provide a con-
venient path for the spreading of the discharge
irom cathode to cathode, each of saidg cathodes
may be provided with a central opening 12, Said
central openings may be aligned with each other
and with an anode 13, which anode is preferably
made of a suitable refractory material, such as
tungsten, and is secured through the press por-
tion 4 of the reentrant stem 15. To prevent all
but the upper end of the anode {3 from par-
ticipating in the discharge, I prefer to form a
shield {6 on the press portion (4, which shield
closely surrounds all but the top of the anode:

In the tube illustrated, the discharge is adapt-
ed to occur first between the anocde {3 and the
nearest cathode, and subsequently to spread suc-~
cessively to other of the cathodes in the order of
their proximity to the anode. The anode I3 is
arranged adjacent the bottom of the tube and
cathode 2 is arranged closest thereto, the other
cathodes being spaced from said anode at suc-
cessively greater distances. The relative spacing
between the cathodes is dependent upon the
pattern of electrical impulses to be produced, and
usually upon the interval which is to elapse be-
tween impulses, The cathode arrangement illus-
trated is designed to produce three successive
groups of impulses, each group consisting of
three impulses. In each group of impulses an
equal time interval is to elapse between each suc-
ceeding pulse, but between the last impulse of one
group and the first impulse of a succeeding group
a larger interval of time is to elapse. For pro-
ducing the above-described pattern of impulses,
cathodes 2, 3 and 4, forming one group, are ar-
ranged said equal distance apart, but the dis-
tance between cathodes 4 and 5§ is greater than
said fixed distance. - Similarly, the distance be-
tween cathodes 7 and 8 is greater than said fixed
distance, Thus three groups of equally spaced
cathodes with greater spacing between each group
is provided for producing a pattern consisting of
three groups of impulses in which groups equal
intervals elapse between the impulses, but be-
tween which groups greater intervals elapse.

In addition to producing a pattern of impulses
by allowing different time intervals to elapse be-
tween succeeding impulses, my invention is also
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adapted to produce a pattern of impulses by pro-
ducing impulses of different length.

One way of doing this, which Is contemplated
by my invention, is to provide different coatings
and/or different materials for the cathodes in
accordance with the predetermined pattern of
impulses which is to be produced. These coat-
ings and materials are to differ in their work
functions. By selecting the coating and/or ma-
terial for each of the cathodes the length of the
pulses of current produced will be determined
according to the work function of the material
selected, Since the coating or materials selected
depends upon the pattern to be produced, the
specific structural and operating conditions en-
countered, the materials available, etc., and since
the selection of coatings and materials in accord-
ance with my invention will be apparent to one
skilled in the art In view of the foregoing, fur-
ther description of this method and means of
producing a pattern of different lengths of im-
pulses will be omitted.

Another method and means of producing a
pattern of different lengths of impulses are illus-
trated in Pig. 1. The cathodes are arranged
to successively produce three short pulses fol-
lowed by three longer pulses, followed by another
three short pulses. To produce the short pulses
cathodes 2, 3 and 4 and cathodes 8, 9 and 10 are
of proportionately small surface area, while to
produce the larger pulses cathodes 5, 6 and 7 are
of proportionately larger surface area. Since it
is intended that the glow discharge should spread
from cathode to cathode solely through the open-
ings 12, the larger cathodes 5, 6 and T preferably
extend to a very short distance from the wall of
the envelope, while the smaller cathodes 2, 3, 4, 8,
9 and 10, which do not extend to the wall, are
provided with annular shields 171, preferably of
mica, which extend from adjacent the outer ends
of sald cathodes to the wall of the envelope.
These shields may be secured to their cathodes
in any suitable manner.

The glow discharge tube hereinbefore described
may be used in any suitable circuit, the one illus-
trated in Fig. 1 being only one of many ecircuits
that will readily be suggested to those versed in
the art from this description. Each of the lead-
In conductors |1 may be connected in series with
a separate utilization device, such as lamps 18,
and in series with a separate resistance 19 to one
end of the primary 20 of an output transformer
2{, the other end of said primary 20 being con-
nected to a terminal 22. The secondary 23 of
transformer 21 may be connected to any other
suitable utilization device, as will be more fully
explained hereinafter. The anode 3 is arranged
to be connecteqd in series with different portions
of a tapped resistance 24 by switches 25, 26, 21,
28, 29, 30, 31, 32 and 33. Tapped resistance 24 is
in turn connected in series with a current-limit-
ing resistance 34 to terminal 35. Terminals 22
and 35 are to be connected to a suitable source
of direct current, termina] 22 being connected to
the negative side of said source and terminal 35
being connected to the positive side thereof.

The system is designed so that upon closing
of one of the switches 25—33 the glow discharge
tube is ignited and a discharge occurs between
the anode and at least one of the cathodes, the
number of cathodes participating in the dis-
charge being determined by the amount of re-
sistance 24 in the circuit, the less the resistance,
the more cathodes participating. One side of
each of said switches 26—33 are connected to-
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gether and to anode {3, the other side of each of
sald switches being connected to separate taps
on resistance 24. When switch 33 is closed all
of resistance 24 is brought into the circuit while
the closing of the other switches in the order of
their numbering progressively introduces lesser
portions of said resistance until, upon the closing
of switch.25, the entire resistance 24 is omitted
from the circuit.

The value selected from resistance 24 and the
location of the taps on said resistance are pref-
erably such, in relation to the other constants
of the circuit, that when swich 33 is closed a
discharge will take place in said tube solely be-
tween the anode and cathode 2, thereby lighting
the lamp 18 connected with said cathode and
supplying current to the primary 20 of output
transformer 21, to produce a pulse of current in
the secondary 23 when sald secondary is con-
nected to a proper utilization device.

If, instead of closing switch 33, switch 28 is
closed, the discharge is adapted to go first to
cathode 2, and then to spread successively to
include cathodes 3, 4, 8, 8 and 7 in the discharge.
An interval occurs between the spread of the dis-
charge from cathode to cathode, a larger inter-
val occurring between the spread of the discharge
from cathode 4 to cathode 8 becausé of the great-
er spacing between sald last-mentioned cathodes.
As the discharge spreads to each cathode its as-
sociated lamp is lit and a pulse of current is in-
duced in the secondary 23 of the output trans-
former 21. The pulses appearing in the sec-
ondary have a fixed duration, those produced as

5 the discharge spreads on cathodes 2, $ and 4 be-

ing relatively shorter than those produced as
the discharge spreads on cathodes §, § and 1.

‘In accordance with the above, it will be seen
that when switch 25 is closed g succession of im-
pulses consisting of three short, three long, and
three short pulses are adapted to be automati-
cally produced.

From the foregoing it will be understood that
by closing a selected switch a given number of
successive pulses of current will be automatically
delivered to the output of transformer 21 and a
like number of lights 18 will automatically be stic-
cessively lit, the number of successive pulses
automatically produced, and the number of lights
automatically successively lit, being dependent
on the switch selected.

According to my present understanding of the
theory of operation of the circuit and tube illus-
trated in Fig. 1, when one of the switches is closed
a potential is impressed between cathode 2 and
anode 3. A glow discharge thereupon occurs
and the current flow increases rapidly as the nor-
mal glow spreads. The amount of current that
can flow is limited by the impedance of the cir-
cuit, If switch 33 is closed the impedance of the
circuit will so limit the current that the glow will
appear only on cathode 2. Thus it will be seen
that when switch 33 is closed the current passing
through the primary of the output transformer
rises sharply as the normal glow is spreading
and then tends to flatten out as the normal glow
ceases to spread. Therefore, when the secondary
23 is connected to a suitable utilization device a
pulse of current will be induced therein at the
time the current in the primary is rising. This
pulse will cease when the current in the primary
substantially flattens out, and is not changing
rather rapidly.

If switch 32 is closed instead of switch 33, the
current will increase so that the glow spreads
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completely over cathode 2. As the current
further increases the cathode fall of cathode 2
increases, tending to make the rise of current
much more gradual. . After a given time the
cathode fall is so great that the glow spreads
swiftly to cathode 3 through opening §2 in cath-
ode 2. The current to cathode 3 rises rapidly
and the glow spreads thereover until the point is
reached where further rise is prevented by the
impedance of the circuit. It will thus be seen
that after current to cathode 2 has risen rapidly
and then flattened out substantially, to thereby
produce a first pulse in the output of the trans-
former, current then flows to cathode 3, which
current to cathode 3 at first rises rapidly thereby
producing a rising current in the primary of the
transformer. This rising current through the
primary, which is superimposed on the current
already flowing therein, later flattens out, and
thus a second pulse of current will be induced in
the output of the transformer.

From the foregoing it will be seen that a
selected number of successive pulses can be auto-
matically produced, depending on the switch
closed. Furthermore, it will be seen that the
length of each pulse will be determined in part
by the surface area of the cathode. Thus by
proper design of the cathodes, successive pulses
of different magnitude may be produced in ac-
cordance with a predetermined pattern.

Another way of deriving successive impulses
irom the system hereinabove described is by
utilizing the fall of potential produced across one
of the resistances {9 when current is flowing to
its associated cathode. When the discharge
reaches a cathode, current flows through its as-
sociated resistance 19 and a fall of potential exists
across said resistance. Thus, as the discharge
spreads from cathode to cathode, potentials will
appear across the resistances (9 successively.
The sides of resistances {8, which are connected
together, may be connected to an output terminal
36 and each of the other sides of said resistances
may be provided with separate output terminals
37. It will be seen that the successive potentials
appear at different terminals and may thus be
used to time the successive operation of a number
of separate devices. However, these terminals
may be connected to a single circuit in which the
potentials appear successively as will be readily
apparent to one skilled in the art. Terminals
36 and 37 may be connected to any suitable utiliza-
tion device or devices as indicated in Fig. 1.
When only the potential fall across resistances
{8 is to be used, the transformer 2! may be dis-
pensed with in this system.

The system hereinabove described may be
utilized with an almost limitless number of uti-
lization devices as will be readily apparent. For
example, as a timer it may be utilized to succes-
sively “trigger off” a number of devices in ac-
cordance with a prearranged time pattern. It
may be used to trigger off a selected number of
devices according to the switch which is closed.
It may be used to automatically produce an elec-
trical signal of a definite pattern, as for example,
in wireless telegraphy or telephony. It may be
substituted for the dial telephone by utilizing
push buttons instead of switches, and thereby
eliminating the mechanical turning of a dial.
Other uses, too numerous to mention, are ap-
parent to one skilled in the art.

Referring now to Fig. 2 which shows a modified
embodiment of my invention, the tube 38 there
illustrated is provided with a plurality of glow
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discharge cathodes 388, which are, for simplicity’s
sake, illustrated as being regularly spaced from
the anode 40 and at an equal distance from each
other. The circuit illustrated in Fig. 2 differs
from that shown in Fig. 1 in that the circuit of
Fig. 2 is provided with a plurality of condensers
4] each being connected in series with a separate
cathode and being adapted to be discharged be-
tween its associated cathode and the anode.
These condensers are adapted to be charged from
a suitable source of direct current by connecting
the positive side of each of said condensers to-
gether and to a terminal 42, the negative side
of each of sald condensers being connected
through suitable current limiting impedances,
which may be resistances 43, to another terminal
44. Terminal 42 is adapted to be connected to

~ the positive side of a source of direct current
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potential while terminal 44 is connected to the
negative side thereof. To control the discharge
of the condensers a switch 85 may be provided
in series with the anode 40. TUpon the closing of
the switch 45, the condensers will discharge them-
selves successively through glow discharge tube
58, the condenser associated with the cathode
nearest the anode 40 discharging first, the other
condensers discharging thereafter in the order of

‘the proximity of their associated cathodes to the

anode. To utilize the pulses of current produced
by the successive discharge of these condensers
as the glow discharge spreads within tube 38, I
prefer to insert an impedance in series with the
anode 40. The impedance may be, for example,
the primary 46 of the output transformer 47,
which has its secondary 48 connected to a suit-
able utilization device or devices.

By utilizing condensers, as shown in Fig. 2, and
discharging said condensers through the glow
discharge tube, the amount of current flowing
through the system, as the glow discharge spreads
from its nearest cathode until it has encom-
passed the farthest cathode, is approximately the
same, so that large variations in the total cur-
rent flow do not exist in this system when it is
properly designed. Thus, while successive pulses
of current appear at predetermined intervals, the
steady current flow does not increase substan-
tially as the discharge spreads.

In Fig. 3 is illustrated another way of control-
ling the intervals between successive pulses and
for producing additional pulses with the same
number of cathodes. In the fragment of the glow
discharge tube 49 illustrated, three glow cath-
odes 50, 51 and 52 are depicted. Cathode 50 is
provided with a relatively wide opening. Cath-
odes 5§ and 52 are provided with relatively nar-
rower openings. Cathodes 50 and 5f may be of
the same thickness, but cathode §2 is of greater
thickness so that the opening therein has greater
depth. When the glow discharge occurs between
the anode and cathode 50, the discharge will
readily pass through the opening in said cath-
ode to the upper surface of said cathode with-
out affecting the current flow. However, when
the glow reaches the lower surface of cathode 51,
due to the constricted opening in cathode 5f, a
considerable amount of energy is necessary be-
fore the glow will pass through said opening.
Thus the glow will pass from one surface of the
cathode 51 to the other surface of the cathode 51
in two discontinuous steps to thereby produce
two successive electrical energy impulses. The
phenomena described in connection with cathode
51 will also occur in the case of cathode 52 be-
cause of its constricted opening. The interval
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between the spreading of the glow from the lower
surface of the cathode 52 and to the upper sur-
face thereof will, however, be greater because of
the greater depth of the opening in cathode 52.

From the foregoing description referring to Fig.
3, it will be apparent that more than one pulse
may be obtained from the same cathode by pro-
viding a restricted path or opening through which
the discharge is adapted to spread, this opening
serving to provide an interval between the
spreading of the glow discharge from one surface
of a cathode to another surface thereof. From
the foregoing it will also be apparent that g sin-
gle cathode may be provided with a number of
surfaces with restricted openings between said
surfaces through which the discharge is adapted
to pass, and thus said cathode may be used to
provide a number of successive impulses. It will
also be apparent from the foregoing that the in-
terval between these successive impulses may be
lengthened or shortened by providing longer or
shorter restricted paths respectively for the pas-
sage of the discharge. In the embodiment shown
in Fig. 2, the openings preferably bear such a
relationship to the constants of the respective
systems in which they are arranged that the glow
spreads without a pause over the entire surface
of the individual cathode.

While I have described hereinabove what I now
consider to be for certain purposes preferred em-
bodiments of my invention, it will be apparent
that numerous other systems may be made in
the light of this description which will also em-
body the gist of my invention. Many apparent
changes may be made, and for certain purposes
must be made, in the systems described in utiliz-
ing my invention. In regard to the tube, obvi-
ously the number of electrodes, more particularly
the number of cathodes, depend on the maximum
number of pulses to be successively produced.
Egually obviously, the spacing, size, and material
of said cathodes depend on the pattern of pulses
to be produced. Changes in the form and rela-
tive arrangement of the electrodes are, of course,
contemplated by the present invention.

For deriving and selecting the successive im-
pulses, I have described two circuits. In this cir-
cuit the impulses may be obtained from the out-
put of transformer 21 or from the terminals 36
and 37, or may be obtained by connecting the
inputs of suitable utilization devices in series with
the cathodes in place of, or in addition to, lamps
t8. It will be obvious that impulses may be de~
rived from the systems here described by other
means, such as for example, providing imped-
ances in said system and utilizing the potential
drop across said impedances. Furthermore, while
I have shown openings in the cathode which are
aligned, it will be obvious that these openings
may be deliberately misaligned, for example, to
provide a higher resistance path for the spread
of the glow discharge. Furthermore, while I have
shown the cathodes to be planar, it will be equal-
ly obvious that the cathodes may be arranged in
different planes relative to each other as well as
that each of the cathodes individually may be
formed so as to extend in several planes. It will
also be understood that instead of a multiplicity
of cathodes a single cathode system might be pro-
vided having various surfaces which are adapted
to successively participate in the discharge, the
spreading of the discharge to the various sur-
faces of said cathode being controlled by pro-
viding restricted paths between the various sur-
faces. Numerous other circuits for utilizing this
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invention will also be suggested to those skilled
in the art by the description herein. It is to be
understood that the changes here suggested are
solely by way of exemplification and are not in-
tended to embrace all the changes that might be
made without departing from the present inven-
tion. It is accordingly intended that the append-
ed claims be given a broad interpretation com-
mensurate with the scope of the invention with-
in the art.

What is claimed is:

1. A glow discharge device for automatically
producing a number of successive electrical en-
€rgy impuises comprising an envelope containing
a gaseous atmosphere, an anode and a plurality
of glow discharge cathodes arranged in said en-
velope, means for impressing a suwstantially con-
tinuous unidirectional potential difference be-
tween said anode and said cathodes, said cath-
odes being adapted to successively participate in
t..e discharge.

2. A glow discharge device for automatically
producing a number of successive electrical er-
ergy unpulses comprising an envelope contain-
ing a gaseous atmosphere, an anode and a plu-
raiity of glow discharge cathodes arranged in
said envelope, sala cathoues being arrangeq ag suc-
cessively increasing intervals from said anode.

3. A glow discharge device for automatically
producing a number of successive eiectrical en-
€rgy lL..pulses comprising an envelope cuntaining
4 gaseous atmosphere, an anode and a plurality
of glow aiscnarge cathodes arranged at succes-
sively increasing intervals from said anode, said
latervais increasing irregularly according to a
predetermined pattern to thereby proauce a pre-
uelermined pattern of electrical impuises.

4. a glow discharge device for automaticaliy
preducing a number of successive electrical en-
ergy impulses comprising an envelope containing
a gaseous atmosphere, an anode and a piu-
rality of glow discharge cathodes ‘arranged in
sald envelupe, said cathodes being provided with
surfaces having different work functions and
being adapted to successively participate in the
discharge.

5. A system for automatically producing a
number of successive electrical energy impuises,
comprising a glow discharge device having an
enveiope containing a gaseous atmosphere, an
anode and a pluraiity of giow discharge cath-
odes arranged in said envelope, said cathodes
being adapted to successively participate in the
aischaige, a circuit for impressing suwnstantially
continuous positive potential on said anode and
substantially continuous negative potentials on
said cathodes and means associated with said
circuit for deriving a succession of impuses
therefrom.

6. A system for automatically producing a
number of successive electrical energy impulses,
comprising a glow discharge device having an
envelope containing a gaseous atmosphere, an
anode and a plurality of glow discharge cathi-
odes arranged in said envelope, said cathodes be-
ing adapted to successively participate in tuae
discharge, a circuit for impressing a substan-
tially continuous positive potential on said anode
and substantially continuous negative potentials
on said cathodes and an impedance arranged in
series in said circuit, the fall of Dpotential across
said impedance being adapted to be impressed
upon g suitable utilization device.

7. A system for automatically producing a
number of successive electrical energy impulses,
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comprising a glow discharge device having an
envelope containing a gaseous atmosphere, an
anode and a plurality of glow discharge cath-
odes arranged in said envelope, said cathodes be-
ing adapted to successively participate in the
discharge, a circuit for impressing a substantially
continuous positive potential on said anode and
substantially continuous negative potentials on
said cathodes and an impedance device inter-
posed in series in said circuit.

8. A system for automatically producing a
number of successive electrical energy impulses
comprising a glow discharge tube comprising an
envelope containing a gaseous atmosphere, an
anode and g plurality of glow discharge cath-
odes arranged in said envelope, said cathodes be-
ing adapted to successively participate in the
discharge, a pluraiity of condensers each sep-
arately arranged in series with one of said cath-
odes, and adapted to discharge through said
tube, means for charging said condensers, said
condensers being adapted upon discharge there-
of through said tube to produce a succession of
electrical energy impulses, and an impedance de-
vice arranged in series in said circuit between
said condensers and said tube.
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9. A glow discharge device for automatically .

producing s succession of electrical energy im-
pulses comprising an anode and s plurality of
cathodes, said cathodes being adapted to suc-
cessively participate in the discharge, said cath-
odes being provided with limited openings to per-
mit the discharge to pass therethrough, the pas-
sage of the discharge to one surface of each of
the cathodes from the anode providing one elec-
trical energy pulse, the passage of the discharge
through said opening to the opposite surface of
each of said cathodes providing a subsequent
electrical energy impulse.

10. A glow discharge device for automatically
producing a succession of electrical energy im-
pulses comprising an anode and a plurality of
cathodes, said cathodes being adapted to succes-
sively participate in the discharge, said cathodes

being provided with limited openings to permit

the discharge to pass therethrough, the passage
of the discharge to one surface of each of the
cathodes from the anode providing one electrical
energy pulse, the passage of the discharge through
said opening to the opposite surface of each of
said cathodes providing a subsequent electrical
energy impulse, the size of said openings being
selected in accordance with a predetermined pat-
tern to provide & predetermined pattern. of in-
tervals between successive impulses.

11. A glow discharge device for automatically
producing & succession of electrical energy im-
pulses comprising an anode and a plurality of
cathodes, said cathodes being adapted to suc-
cessively participate in the discharge, said cath-
odes being provided with- limited openings to
permit the discharge to pass therethrough, the
passage of the discharge to one surface of each
of the cathodes from the anode providing one
electrical energy pulse, the passage of the dis-
charge through said opening to the opposite sur-
face of each of said cathodes providing a subse-
quent electrical energy impulse, the depths of said
openings being selected in accordance with a pre-
determined pattern to provide a predetermined
pattern of intervals between successive impulses.

12. A glow discharge device for automatically
producing a number of successive energy im-
pulses comprising an envelope containing a gas-
eous atmosphere for supporting a glow discharge,
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5 ~
an anode and a cathode system between which
the discharge is adapted to occur, means for im-
pressing a substantially continuous unidirec-
tional potential difference between said anode
and sald cathode system, said ecathode system be-
ing provided with a plurality of surfaces which
are adapted to participate successively in the
discharge, the spreading of the discharge to said
various surfaces being adapted to occur discon-
tinuously so as to preduce successive pulses of
electrical energy.

13. A system for automatically producing .a
selected number of successive electrical energy
impulses comprising a glow discharge device hav-
ing an envelope containing a gaseous atmosphere,
an anode and a glow discharge cathode system
provided with a plurality of surfaces adapted to
successively participate in a discharge, a circuit
for impressing a positive potential on said anode
and negative potential on said cathode system,
a variable impedance arranged inlsaid circuit
and adapted to be varied to select the number of
surfaces which are to participate in the dis-
charge, and means associated with said circuit
for deriving a succession of impulses therefrom.

14. A glow discharge device comprising an
envelope containing a gaseous atmosphere, a
plurality of electrodes, all of which are below
temperature of substantial thermionic emission
during normaj operation, one of said electrodes
being designed and adapted to operate as an
anode, a plurality of said electrodes being de-
signed and adapted to operate as glow discharge
cathodes with respect to said anode, said cathodes
being spaced successively from said anode, each
cathode substantially interrupting the discharge
path from said anode to the cathodes beyond
sald first-named cathode except for at least one
restricted discharge opening.

15. In combination, a glow discharge device
comprising an envelope containing a gaseous
atmosphere, a plurality of electrodes, all of which
are below temperature of substantial thermionic
emission during normal operation, one of said
electrodes being designed and adapted to operate
as an anode, a plurality of said electrodes being
designed and adapted to operate as glow dis-
charge cathodes with respect to said anode, said
cathodes being  spaced successively from said
anode, each cathode substantially interrupting
the discharge path from said anode to the
cathodes beyond said first-named cathode, ex-
cept for at least one restricted discharge opening.
means for connecting the positive terminal of a
source of potential to said anode. and means for
connecting the negative terminal of said source
through an impedance to said cathode, said im-
bedance being coupled to an output circuit.

16. A glow discharge device comprising an en-
velope containing a gaseous atmosphere, a plu-~
rality of electrodes. all of which are below tem-
perature of substantial thermionic emission dur-
ing normal operation, one of said elctrodes be-
ing desiened and adapted to operate as an anode,
a plurality of said electrodes being designed and
adapted to operate as glow discharge cathodes
with respect to said anode. said cathodes being
spaced successively from said anode, each cathode
substantially interrupting the discharge path from
said anode to the cathodes beyond said first-
named cathode except for at least one restricted
discharge opening, and means for impressing a
positive potential on said anode, a negative po-
tential on said cathodes, and a separate current-




responsive device in series with each of said
cathodes.

17. The method of producing a succession of
electrical energy impulses comprising impress-
ing a substantially continuous unidirectional po-
tential difference between an anode and a plu-
rality of cathodes to produce a glow discharge
spreading in stages to said cathodes successively,
and deriving a succession of electrical impulses
therefrom.

18. The method of generating a succession of
electrical energy impulses comprising impress-
ing a substantially continuous positive potential
on an anode of a glow discharge tube, impress-
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anode, whereby the glow discharge spreads in
predetermined ‘atermittent time intervals over
said active surfaces, and deriving a succession of
electrical energy impulses therefrom.

19. A glow discharge device comprising an en-
velope containing a gaseous atmosphere, an
anode and a plurality of glow discharge cathodes
arranged in said envelope, means for impress-
ing a substantially continuous positive poten-
tial on said anode and substantially continuous
negative potentials on sald cathodes, said cath-
odes being so disposed relative to said anode and
to each other that the discharge of said tube
occurs in successive stages to provide a plurality

ing a substantially continuous negative potential 15 of successive electrical energy impulses.

on a cathode system having a plurality of dis-
continuous active surfaces coacting with said
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