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Qur invention relates to a new and improved
relay.

Said relay may be of the delayed-action type,
so that .the desired result or relay effect will
be produced at the end of a substantial pre-
determined period after the relay has been primed
or set into operation. Said relay may produce
sald desired result quickly after it has been set
into operation.

The relay includes one or more contirol elements
or control units. These units have a variable
conductivity regulated independently of heat,
and without the use of mechanical devices. Such
unit may conduct current, either by ionization
or by electronic emission. The ionization can
be produced by radio-active material. Elecironic
emission can be secured by a photo-clectric cell
which operates without a heated cathode. ¥For
example, such photo-electric cell can have an
unheated caesium cathode, which will emit elec-
trons at normal temperature of about 20° C.
under the action of light.

The relay can be used for various military
and industrial purposes, such as to produce de-
layed explosions of bombs, including aerial
bombs.

The principal objects of the invention are to
produce a simple and durable relay, which can
be made at relatively low cost, and to magnify
the minute ionization current or electronic cur-
rent which is produced in the control uni: or
units, without the use of electronic tube ampli-
fiers.

Numerous additional objects of the invention
are set forth in the annexed description and
drawings, which illustrate various embodiments.

The drawings are wholly diagrammatic.

Fig. 1 illustrates one embodiment of our in-
vention in its simplest form. This. utilizes a
single resistance unit which has a falling char-
acteristic, and a single control unit.

Fig. 2 illustrates a second embodiment, which
utilizes two such resistance units and a single
control unit. This delivers more energy than
the embodiment of Fig. 1.

Fig. 3 illustrates a third embodiment which
has two raid resistance units and two said con¥
trol units.

10

(Cl. 250—83.6)

relation between lapse of time and ionization,
in using gaps in which a gas or mixture of gases -
is ionized. In Fig. 6 the ordinate is the ioniza-
tion, and the abscissa is the lapse of time. Fig.
6 refers to ionization by means of the radiations
from radio-active material. Curve (2 represents
the falling ionization which is produced by a
decaying radio-active substance, such as radon
which is separated from radium. Curve |9 rep-
resents the progressive accumulation of a short-
life decaying radio-active substance which is
produced by a long-life radio-active substance,
such as radon which is produced by radium.

Fig. 7 shows another embodiment, in which
a photo-electric cell is used.

The invention will first be described with ref-

. erence to the use of relay units which utilize
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the rate of spontaneous disintegration of radio-
active material, with particular reference to the
control of delayed explosions, as for example, in
producting the delayed explosions of aerial bombs

~or other bombs.

One of the most easily available radio-active
substances is radon, which is a gaseous emana-
tion of radium. The half-life period of radon -
is approximately four days, the exact length of
said half-life period being more accurately des-
ignated as about 3.8 days.

By using different radio-active substances
which have different respective half-life periods,
we can produce delays in the action of the relay
between a few days and a few weeks. The period
of delay depends upon the choice of the radio-
active substance, since respective radio-active
substances have respective different half-life
periods.

We can also secure different periods of delay,
while using a single radio-active substance which
may be radon or many. other radio-active sub-
stances. In such case, we use different applied
voltages and different resistances in the circuit,

. so that the period of delay can be varied from

45

Fig. 4 illustrates a fourth embodiment, whlch ’

utilizes two ionization chambers which have con-
ductive metal walls.

Fig. 5 illustrates another embodiment which
utilizes a pair of capacitances, a pair of said
resistance units, and a pair of said control units.

Fig. 6 shows the curves which illustrate the

50

55

about 509 to 4009 of the half-life period of the
respective radio-active substance. By using dif-
ferent radio-active substances, the period delay
can be controlled from a few hours to several
months. Amongst other radio-active substances,
we include, radon, radium A & B & C which is
an active deposit of radon, polonium or radium F.
If it is desired to produce a delayed efiect, the
main problem is efficiently to utilize the small
amount of radio-active substance that may com-
mercially be used in a relay, in order to lower
its expense. ’
The easiest way to observe the decrease in ac-
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tivity of a radio-active substance is to measure -

the decrease of an ionization current which is
produced in a gas which is located in an electric

fleld and which is subjected to the radiation of
the radio-active substance. However, such fon- .

_isation currents are very small. - For example, if
& fraction of a milligram of radium is used, the
jonization current is only a small fraction of a

" +- microampere. . The use of much larger quantities
of radium or the like would be prohibitively ex-

pensive.

We have therefore devised a simple and effi-
cient relay, by meéans of which a continuous cur-
rent of 10-50 milliamperes is established in order
to produce the desired effect, when a very small
initial ionization current, which is a small frac-
tion of a microampere, and which is produced by
& radio-active substance, has decreased to a
predetermined fraction of its initial value. The

Invention is not limited to using the decrease in

such lonization current.

Fig. 1 shows a source of electric current { which
may be of any type. It may consist of a num-
ber of dry cells which are connected in series, in
order to provide a voltage of 100 volts at the ter-
minals 2 and 8 of said source I. It is to be
understcod that any details which are stated
herein, in order to give one or more working ex-
amples, are merely illustrative and that the in-
vention is not limited to the same. The terminal
2 is connected through = resistor 11 to one ter-
minal 5 of a condenser-or capacitance 4. ‘The ter-
minal 3 of the source { is connected to the other
terminal 8 of said capacitance 4. In the example
stated herein, the resistance of the resistor i1 is

about 1,000 megohms. The capacity of the series--

connected dry cells of the source | can be very
small. The capacity of the condenser 4 is about
0.1 microfarad. The dielectric of the condenser
4 should have maximum resistivity, in order to
minimize any leakage current through said con-
denser. It is therefore preferable to provide a
mica dielectric for said condenser 4.

The terminals § and 8 of the condenser 4 are
respectively connected to the terminals 7 and 9
of an ionization chamber 50 which has spaced
electrodes E, which are separated by gap 50a.
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The electrodes E are connected to the circuit at .

" the points 7 and 9. Sald lonization chamber 50
may contain air at normal atmosvheric pressure

50

of 760 millimeters of mercury. The invention iIs

not limited to the use of any particular gas or
gases between the electrodes E, or to the pres-
sure of the gaseous medium which is located be-
tween the electrodes E. This pressure may be
lower or higher than atmospheric pressure. The
fonization chamber may contain a vapor or va-
pors, mixtures of vapors and gases, etc. In this
specific example, the distance between the elec-
trodes E is gbout 1 cm. :

The terminals 5 and 6 of the condenser 4 and

the terminals T and 9 of the ionization. chamber
88 are connected to'the electrodes of a neon lamp
1. This lamp may contain neon or other
zas under suitable low pressure. so that the strik-
ing voltage of said lamp {0 is about 80 volts. After
the lamp 18 has been struck, current can be sent
" through said lamp at a voltage which is less than
the striking voltage.. The lamp 10 is therefore
an example of a resistance which has a falling
characteristic. This type of resistance is some-
times designsted as a nerative resistance. :
‘When the voltage at the terminals §, 6, which
is the same as the voltage between points 7 and
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~ turns in the coil 17, and the inductive coupling -

2,875,180
9, exceeds 80 volts, the condenser 4 wﬂl dis-

charge through said lamp ie.

The lonization chamber 88 is provided with a

suitable quantity of radio-active substance, so
that the initial maximum jonization current be-
tween the electrodes E is, for example, 0.8 micro-
ampere.

The lamp 10 is connected in parallel with the
gap B0a, between the points T and 8, so that the
potential difference which is applied to lamp (0,
is the potential difference. between the points 1
and 9. -

This potential difference between points T and
9 depends upon the ratio of the resistance of gap
50a, to the sum of the resistance of said gap §0a
and the resistance of resistor {I. Hence, when
the resistance of gap 50a is the initial minimum

_resistance, the potential difference between points

T and 9 will be only about 20 volts, so that.the
initial voltage drop in resistor 11 will be 80 volis.
As the ionization current diminishes, as indicated
by curve 12 of Fig. 6, and the resistance of gap
50a therefore increases,-the difference of poten-
tial between points 7 and 8 will increase to the
striking voltage, after a predetermined period of
time which is regulated by the resistance of the
resistor i1, and the rate of decay of the radio-
active substance, with the resultant increase of
space resistance of gap 8§0a. For example, if
radon is used as the radio-active material, the
voltage which is applied to lamp 10 may be equal
to the striking voltage, at the expiration of a
delay period of eight days. The circuit of lamp
10 includes an electric fuse {4, which may be
replaced by any device which is to be operated or
energized by the electric current which is passed
through lamp 10.

In using the emhbodiment of Fig. 1, the source
i is connected to lamp {0, only after the gap 80a
has been sufficiently ionized to prevent the im-
mediate striking of said lamp 10.

The discharge energy in this embodiment of
Fig. 1 is small, unless a large condenser 4 is used,
so that for many purposes it would be necessary
to use a condenser of much larger capacity than
a8 above stated.

The circuit of Fig. 2 makes it possible to secure

much greater discharge energy through the fuse
14 or other device. This circuit contains a second
neon lamp 10g which is similar to the lamp I0.
In the embodiment of Fig. 2, the voltage between
the terminals 2 and 3 of the series-connected
dry cells I-is about 100 volts, if the striking volt-
age of lamp 10 is 80. volts.  One terminal of the
auxiliary lamp 10q is connected through the fuse
or other device 14, to a point 15, of .the series-

connected dry cells, so that the voltage between -

the points 15 and 3 is a suitable fraction of the
total terminal voltage between the terminals 2
and 3. The voltage between the points 15 and
3 is suficient to maintain a current through lamp
10a, after said lamp 10a has been struck. Said
voltage between points 15 and 3 is less than sald
striking voltage.

The circuit of the lamp {0 includes a pnmary

transformer coil or inductance 6, which is in-"

ductively coupled to a secondary transformer
coil or inductance 7. The transformer {8—i{7
is a step-up transformer. The number of turns
in the coil I8 is about 22% of the number of

between said coils 16 and (7 is very close. Hence,
when the condenser 4 discharges through said

“lamp 16 and inductance 1§, sufficient voltage will

75 be induced ‘in coil 7 to strike lamp 18a. The
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discharge of condenser 4 through lamp (0 and
inductance I8 may be oscillatory or non-oscilla-
tory. i :

According to the principle of operation- previ-

ously stated, the condenser &4 will discharge

through the lamp 16, only after a predetermined
period of time has elapsed. Lamp 18a will be
struck by said discharge, by means of the trans-
former. Current from source ! is then passed
through the lamp (8a, until the explosion or
other desired effect takes place. The current
which can thus be sent through the fuse or
other device {4, which is in the circuit of lamp
18a, can be from 10-20 milliamperes if an ordi-
nary small sized neon lamp I8g is used. By
using a well-known special type of neon lamp,
said current which is sent through the lamp (0a
from source { can be &s large as 50 milliamperes.
The power which is thus made available by the
relay can be approximately & watt, which is
sufficlently great to produce the explosion or
other desired result.

In the examples above given, we have de-
scribed the use of & radio-active substance which

begins to decay as soon as it is introduced into .

the ionization chamber, so that the period ol
delay of the action of the relay, begins from
the time when such substance is introduced into
said ionization chamber. )
However, we can also use any radio-active sub-
stance which will continuously emanate radon.
Radium has a very long half-life period of
about 2000 years and a given quantity of radium
will produce a continuous supply of radon. Said

radon is a gas which will accumulate in a closed ;

ionization chamber up to a maximum equi-
librium limit, because one half of the radon dis-
integrates during a period of approximately four
days. Hence, when this limit is reached, the
rate of supply of radon will be equal to its rate
of decay. ’

We can therefore introduce radium or a ra-
dium alloy or compound into the respective ioni-
zation chambers %8 of the embodiments of Figs.
1 and 2, thus producing & constant ionization
current which will not diminish. The relay can
be primed by removing the radium or the like
from said ionization chamber, thus starting the
period of decay of the radon and the increase in
resistance of gap 58a.

The radium can be removed either manually
or automatically in the case of an aerial bomb,
when the bomb is dropped. We have not illus-
trated simple conventional mechanisms for re-

moving a plug which contains the radium from s

said ionization chamber when the bomb is
dropped, because such conventional devices form
no part of our invention per se,

We can also subject the gap 80a to ionization
from any source, so that the ionization will stop
immediately when the action of such source is
discontinued. Such source may be Roentgen
rays, ultra-violet light or the like. For exam-
ple, if the circuit of the Roentgen ray machine
is opened, the resistance of gap %0a will rise
rapidly, thus causing a very rapid operation of
the relay. Hence the invention is not limited
to the use of any particular ionizing means, or
to the location of the same in the ionization
chamber $50. -
~ Pig. 3 diagrammatically shows a carrier {8, one
face of which is provided with a layer Ra of
radium or radium alloy or radium compound.
Fig. 3 also shows the use of a pair of ionization
chambers 50 and §8b, which may be identical.
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- These ionization chambers have respective pairs
of electrodes Ea and E, which have respective
gaps §! and 62, The preferred physical construc-
tion of the embodiment of Fig. 3 is shown in Fig.
4, which shows that the ionization chambers are

connected by an intermediate tube, and that the

carrier 18 is a turnable valve, which closes said
intermediate tube, so as to prevent the passage
of gas between said ionization chambers. Hence,
if the solid layer Ra is radium or a radium com-
pound or radium slloy, which ylelds radon, the
supply of said radon can be limited only to one
of sald ionization chambers. If the layer Ra
is of the aforesaid type, radon will be supplied
only to the ionization chamber 80b, when the
carrier 18 is in the non-priming position which
is shown in Fig. 4, and said radon will be ac-
cumulated in chamber 50b, up to a maximum
limit at which the rate of decay will equal the
rate of supply. While carrier {8 is in said non-
priming position, the circuit of lamp 0 will be
open, because of the very high resistance of
gap Bf.

In order to prime the device, carrier 18 is turned
through an angle of 180° from the position shown
in Pig. 4, in order to supply radon to chamber
B0 and to discontinue the supply of radon to
chamber §0b.

The resistance of gap 51 will therefore dimin-

ish at & rate which corresponds to the increase

of ionization which is designated by curve I9.
The resistance of gap 52 will simultaneously in~
crease at & rate which corresponds to the de-
crease of ionization current which is designated
by curve {2. At the point P, the resistances of
salid gaps B1 and 82 will be equal, and the respec-
tive voltage drops through said respective gaps
will be equal.

The ordinate OP represents said equal ioniza-
tion currents. ' : .

After the device of Fig. 3 and Fig. 4 has been
thus primed, the voltage which is applied to the
lamp I8 is the difference of potential between
points 20 and 2f. The resistance between points

5 20 and 21 will progressively increase, while the

resistance of gap B! will simultaneously progres-
sively decrease. Hence the voltage between points
20 and 2! will increase to the striking voltage,
after s predetermined period of time. The con-
denser 4, which will then be charged to the strik-
ing voltage, will then discharge through lamp
16 and primary coil 16. This will strike lamp (0a,
by means of the transformer, and lamp 10a will
then receive a steady current from the source 1,
until the electric fuse 14 or other device has been
operated. o

The embodiment of Fig. 3 eliminates the use
of the high resistance {1, which is desirable, be-
cause such high resistances vary with variations
in temperature. The embodiment of Fig. 3 also
diminishes the effect of variations in the voltage
of the dry cells, which may result from changes
in temperature or the lapse of time.

The potential difference between the points 15
and 8 is sufficient to maintain the current through
the lamp i0a, after said lamp has been struck,
as in Fig. 2. : -

" In the embodiment of Figs. 1-3, the walls or en-
velopes of the chambers 50, 50b are made of glass
or other non-conductive material.

In the embodiment of Fig. 4, we use a pair of
chambers 22 and 22a which have conductive metal
walls which are fixed to the connecting tube 23,
whose wall is also made of conductive metal.
Hence the walls of chambers 22 and 22¢ and the



23 are electrically connected to each °
carrier 18 i3 shaped like a valve, so
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ternal electrode of chamber 22¢ is insulated from
the metal wall of said chamber. While carrier
I8 is held in said non-priming position, radon is
accumulated in chamber 22, either up to or less
than the maximum possibie accumulation ot said
radon.

‘When the carrier 18 is turned to the priming
position, the supply of radon to chamber 22a is
commenced, and the suppiy of radon to chamber
22 is stopped. The internal space resistance of
chamber 22a will progressively decrease, while the
internal space resistance of chamber 22 is simul-
taneously increased. - . B

Each said chamber 22 and 22a has its internal
electrode: located centrally with respect to its
metal wall, which 18 of closed spherical shape
save for the opening of tube 28. :

‘When current initially flows from the internal
electrode of chamber 22a through the space of
said chamber 22q to its metal wall, a part of said
current will flow through the metal wall of tube
23 to the metal wall of chamber 22, through the
ionized filling of chamber 22 to its respective in-
ternal electrode, and to point 85 of the circuit.
Hence the voltage which is applied to lamp or
tube 10 will be less than the striking voltage of
said lamp or tube 10, until the internal resistance
of chamber 22 will increase to & predetermined
limit. At the end of a predetermined delay pe-
riod, the condenser 4 will be charged to the strik-
ing voltage, and said condenser & will discharge
through lamp 10 and primary coil (8, thus strik-
ing lamp (0a. The carrier 18 can be held in
its non-priming position during a relatively short -
periaod, so. that the filling of the chamber 22 will
be ionizéd less than the maximum, before the .
carrier 18 is turned to the priming position. In
each of the embodiments, the circuit can be pro-
vided with a conventional manually operated
switch. The valve chamber in which carrier 8
is located, can have an opening, so that when
carrier 18 is. turned counterclockwise through an

"angle of 90° from the non-priming position of Mg.
4, no radon will be supplied either to chamber
22 or chamber 224, so that their respective inter-
nal resistances will be 3 maximum. The radon
will then escape to the outer atinosphere, through
said opening.

- The carrier (8 can then be turned to the posi-
tion shown in Fig. 4, and said carrier (8 can be
held in said position for a short period, so that

‘the ionization of the filling of chamber 22 will
be less than the maximum, and the supply of
radon to chamber 22 will be less than the maxi-
mum. When carrier #8 is then turned to the
priming position, the initial voltage which is ap-
plied to lamp 10 will be less than the striking

10
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‘When carrier I8 1s in the non-priming position
of Fig. 5, the circuit of the source { is open, since
gap 84 umn-oonductivo.tll:::uhthltsw

circuit at points 8¢ and 61, and point 62 has the
same potential as point €. Hence, while some
current flows through condenser 4 and gap §%,
while carrier I8 is in saig non-priming position,
the lamp 18 will not be struck because the volt-
age drop between points 62 and ¢/ will be less
than the striking voltage. While the carrier I8

. 18 in said non-priming position, the condenser 4a

is'shunted by the conductive gap §2. As previ-
ously mentioned, the circuit can be provided with
any conventional switch, which need not be closed

30 uniil gap §2 has become sufficiently conductive,

When the carrier 18 is turned to priming posi-

~ ‘tion, and the resaistance of gap §{ has been sufi-.

ciently lowered and the resistance of gap §2 has
been sufficiently increased, the lamp 18 will be

35 struck and the condenser da will: discharge

through lamp 18 and inductance (6, in an oscil-
latory or non-osciliatory discharge, thus striking
lamp 18a. While condenser 4a is thus discharged,
‘the charge of condenser 4b will increase.

40  The fuse or other device |4 can be omitted, so

f
N

that the lamp {8 or f8a will be the only element
which is operated. '

"~ In each embodiment, we utilize a source of cur-
rent whose circuit includes a discharge element
which has a falling characteristic and which has
a predetermined striking voltage. The voltage of
said source exceeds said striking voltage.  Bald
circuit has a shunt which is connected to said

.circuit across the terminals of said discharge ele-

ment. Said shunt has a pair of spaced electrodes
whose gap has an ionizable gas, or ionizable vapor
a8 an equivalent. Hence the voltage which is
applied to sald discharge element is the voltage
which is applied across said shunt. Said gas is
ionized by radon or other radio-active material,
s0 that when said ionization exceeds a predeter-
mined minimum, the voltage across said shunt is
less than said striking voltage. In addition, and
as an optional element, a capacitance is connected
to said circuit in parallel to said discharge ele-.
ment, so that the voltage which is applied fo

_ sald capacitance exceeds said striking voltage,

only when the voltage across said shunt exceeds

" said striking voltage. This capacitance, if used,
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is connected to the terminals of said discharge
element independently of said gap, so that the
discharge current of said capacitance does not

_pass through said gap.

The use of a capacitance is desirable in order
to produce a short and strong current pulse by
the discharge of said capacitance when the strik-
ing volatge is reached. In addition, if the main
circuit*includes an inductance, the discharge of
the condenser is preferably oscillatory. An in-
ductance, like the coil 18, can be included in the



main circuit in which said capacitance is located,
even if sald main circuit is not coupled to an aux-
illary circuit which has an auxliary dicsharge
element. The mein circuit can be coupled to said
auxiliary circuit in any manner, instead of using
the inductive coupling which is disclosed here-
in, as one type of such coupling.

The lonizing means which are mentioned in the
claims may be radon, other radio-active material
or other source of ionizing energy.

Fig. 7 shows the substitution of a photoelectric
cell R for the ionization chamber 60 of Fig, 2.
Said cell R has & cathode C of caesium or the
like, which is connected to point 7 of the circuit
and to the negative terminal 2 of the source of
current §. The anode of said cell R is connected
to point 8 and to the positive terminal 3. Said
cell R has the usual window W. When light is
excluded from window W, said cell R has high re-
sistance, so that lamp 10 is subjected to the strik-
ing volatge. While the cathode of said cell R is
energlized by light so as to emit electrons, the re-
sistance of cell R is sufficiently low so that lamp
1@ is not struck. Hence the relay device of Fig. 7
is operated only when light is excluded from said
cell R. We can use any type of photo-electric
cell, which operates at ordinary temperature.
Photo-electric cells can be substituted in the
other embodiments. For example, in the em-
bodiment of Fig. 3, the lonization chamber §0 can
be replaced by & photo-electric cell which nor-
mally receives no light and ionization chamber
$0b can be replaced by g photo-electric cell which
normally receiveg light. This relay may be op-
erated by operating respective shutters or by
changes in light intensity so as to subject the
cathode of the photo-electric cell which replaces
chamber 50 to light or to variations in intensity
of light, and excluding light from the cathode
of the photo-electric cell which replaces cham-
ber §0b, or changing the intensity of the light on
the respective cathode. Such a relay may op-
erate rapidly.

Strictly speaking, the space current of & high-
ly evacuated photo-electric cell is an electronic
current instead of an ionization current. Such a
photo-electric cell may have sufficient residual
gas, so that its space current is increased by
ionization. The use of a photo-electric cell or
cells of the “cold” type is within the scope of the
invention. However, we greatly prefer the use

_of radio-active material, as distinguished from all
other means for securing a space current.

In the embodiment of Fig. 4, each ionization
chamber 22 and 22¢ has a pair of spaced elec-
trodes, since the metal wall of each said chamber
constitutes an electrode.

The ionizable material in the gaps between the

electrodes of the ionization chambers, and the
. cathode of the photo-electric tube, are generally
designated as radiation-responsive means, since
they are responsive either to the radiations of
radio-active material, light radiations, etc. Such
radiation-responsive means are responsive at or-
dinary temperature. e

The resistor 11 may be omitted, if the internal
resistance of the source of electric current is
sufficiently great.

The device 14 is generically designated as an
ultimate current-consuming device. . In each em-
bodiment, we eliminate the necessity of includ-
ing a mechanically-controlled switch, for con-
trolling the supply of current to the ultimate
current-consuming device. In- circuits such as
Fig. 2, we use the source of current | for the dis-

2,375,180
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charge element 10c, as & matter of convenience.
In the embodiment illustrated in Fig. 2, for ex-
ample, the part of battery | between 18 and 3
could be replaced by another source of current,
whose voltage is below the siriking voltage of the
discharge element 18a. In each embodiment, the
ultimate current-consuming device 14 is directly
connected to a respective source of current
through a discharge element 10 or {0a which has
a Ifalling characteristic, so that the respective
discharge element 0 or 10a is connected in se-
ries with device 14, and the respective discharge

‘element 10 or 10a directly blocks the supply of

current to the ultimate current-consuming de-
vice f4 until said discharge element is struck.
Figs. 2, 3, 4, 5, and 7, each show a single effective
circuit, which has one or more branches. Each
said circuit has a control shunt which controls
the application of the striking voltage across the
respective discharge element (0 or 10g. Each
said control shunt includes a radiation-respon-
sive element and additional independent resist-
ance.

We claim:

1. In combination, a source of current, a cir-
cuit whose terminals are connected to said source
of current, an ultimate current-consuming device
located permanently in said circuit, a discharge
element connected in said circuit in series with
said ultimate current-consuming device, said dis-
charge element having a falling characteristic
and requiring a striking voltage which exceeds its
operating voltage after it has been struck, said
discharge element directly blocking the passage
of current through said ultimate current-con--
suming device until said discharge element has
been struck and permitting the passage of cur-
rent through said ultimate current-consuming
device after said discharge element has been
struck, said circuit having a control-shunt which
controls the application of striking voltage across
said discharge element, said circuit having resist-
ance additional to the resistance of said shunt,
said control shunt having electrodes which are
separated by a gap in which an ionizable gas is
located so that the resistance of said shunt is de-
creased by increased ionization of said gas, said
additional resistance being sufficiently high so
that said control shunt blocks the application of
striking voltage to said discharge element as long
as the resistance of said ionizable gas in said gap
is below a predetermined limit, and a source of
radiation for ionizing the gas in said gap.

2. In. combination, a source of current, a cCis-
cuit connected to the terminals of said source, a
discharge element located in said circuit, said dis-
charge element having a falling characteristic
and a striking voltage and an operating voltage
which is less than said striking voltage after said
discharge element has been struck, the voltage
of said source exceeding said striking voltage, a
primary coil of a transformer connected in series

.with said discharge element, a control shunt con-

- nected in said circuit across said discharge ele-
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ment and said primary coil so that the voltage
which is applied across said discharge element
and said primary coil is the voltage which is

- applied across said control shunt, said control
- shunt including spaced electrodes which are sep-
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arated by a gap in which ionizable gas is located
so that the resistance of said shunt is decreased
by increased ionization of said gas, a source of
radiation for ionizing the gas in said gap, the
voltage across said control shunt being less than
the striking voltage when said gas is ionized above
& predetermined limit, a capacitance connected
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to said circuit in parallel relative to said dis-
charge element and sald primary coll, said capac-
itance being connected to said discharge element
and said primary coll independently of said gap,
the voltage of sald capacitance exceeding sald
striking voltage only when the voltage across said
shunt exceeds sald striking voltage, sald circuit
including & branch which has a secondary coil
which is inductively.coupled to said primary coil;
said branch including an auxiliary discharge ele-
ment of the aforesaid type which is connected
in series with said secondary coil, sald branch
being connected to a source of current whose
voltage is less than the striking voltage of said
auxillary discharge element and which exceeds
the operating voltage of said auxiliary discharge
element.

3. In combination, a source of current, a cir-
cuit connected to the terminals of said source, &
discharge element located in sald circuit, said
discharge element having a falling charsacter-
istic and a striking voltage and an operating
voltage which is less than said striking voltage
after said discharge element has been struck,
the voltage of sald source exceeding striking volt-
age, & primary coll of a transformer connected
in serles with said discharge element, a control
shunt connected in said circult across sald dis-
charge element and said primary coll so that the
voltage which is applied across said discharge
element and said primary coil is the voltage
which is applied across said control shunt, sald
control shunt including spaced electrodes which
are separated by a gap in which ionizdble gas Is
located, so that the resistance of sald control
shunt is decreased by increased ionization of
said gas, a source of ionization for ionizing the
gas in said gap, the voltage across said shunt
being less than the striking voltage when said
gas is ionized above a predetermined limit, a
capacitance connected to said circuit in parallel
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relative to said discharge element and said pri- -

mary coil, said capacitance being connected to
said discharge element and said primary coll In-
dependently of said gap, the voltage of said ca-
pacitance exceeding said striking voltage only
when the voltage across said shunt exceeds sald
striking voltage, said circuit including a branch
which has a secondary coil which is inductively
coupled to sald primary coil, said branch in-
cluding an suxiliary discharge element of the
aforesaid type which is connected in serles with
said secondary coll, said branch being connected
to & source of current whose voltage is less than
the striking voltage of said auxiliary discharge
element and which exceeds the operating voltage
of said auxiliary discharge element, sald gap hav-
ing radon associated therewith in order to ion-
ize said gas. : :

4. In combination, a source of current, a cir-
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aspplication of striking voliage across said dis-
charge element in accordance with the voltage
drop across said shunt, said control shunt hav-
ing electrodes which are separated by a gap in

"which an ionizable gas is located, so that the re-

gistance of said control shunt is decreased by
increased ionization of sald gas, said control
shunt blocking the application of striking volt-
age to said discharge element as long as the re-

. sistance of sald ionizable gas in sald gap is below

a predetermined limit, a second shunt which in-
cludes a capacitance whose terminals are con-
nected to the terminals of said control-shunt so
that the voltage of said capacitance is equal to
the voltage.applied across said shunt, and means
for ionizing the gas in said gap.

5. In combination, a source of current, a circuit
whose terminals are connected to said source of
current, an ultimate current-consuming device
located permanently in said circuit, & discharge
element connected in said circuit in series with
said ultimate current-consuming device, said dis-
charge element having & falling characteristic and
requiring a striking voltage which exceeds its
operating voltage after striking, said discharge
element directly blocking the passage of cur-
rent through said ultimate current-consuming
device until said discharge element has been

.struck and permitting the pessage of current

through said current-consuming device after said
discharge element has been struck, said circuit
having a control shunt which controls the appli-
cation of striking voltage across said discharge
element, in accordance with the voltage drop
across sald shunt, said control shunt having a
gap through which space current can bhe sent,
said gap including radiation-responsive means s0
that the resistance of said shunt is proportional
to the intensity of the radiation which is received
by said radiation-responsive means, a source of
radiation for said radiation-responsive means,
said circuit having resistance independent of said
shunt so that the applied voltage across said

" shunt is proportional to the ratio of the resistance
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cuit whose terminals are connected to sald source

. of current, an ultimate current-consuming de-
vice located in said circult, a discharge element
connected in said circult in serjes with sald ulti-
mate current-consuming device, said discharge
element having & falling characteristic and re-
quiring a predetermined striking yoltage which
exceeds its operating voltage after striking, said
discharge element directly blocking the passage
of current through said ultimate current-con-
suming device until said discharge element is
struck and permitting the passage of current
through said ultimate current-consuming device
after said discharge element is struck, sald cir-
cult having a control-shunt which controls the

of said shunt to the sum of the resistance of said
shunt and of said additional resistance, said con-
trol shunt blocking the application:of said strik-
ing voltage as long as its resistance is below a
predtermined Hmit. :

6. In combination, a source of current, a cir-
cuit whose terminals are connected to said source
of current, an ultimate current-consuming device
located in said circuit, & discharge element con-
nected in said circuit in serles with said ultimate
current-consuming device, said discharge element
having a falling characteristic and requiring a
striking voltage which exceeds its operating volt-
age after it has been struck, said discharge ele-
ment directly blocking the passage of current
through said ultimate current-consuming device
until said discharge element has been struck and
permitting the passage of current through said -
current consuming device after said discharge
element has been struck, said circuit having a
control shunt which controls the application of
striking voltage across said discharge element
according to the voltage drop across sald control

~ shunt, said shunt having a first radiation-respon-
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sive resistor therein, said circuit having a second

-radiation-responsive resistor between one end of

sald source and one end of said control shunt,

‘the resistance of each radiation-responsive re-
sistor being in proportion to the radiation received

thereby, radiation-supplying means adapted to
control the respective resistances of sald respec-
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tive radiation-responsive resistors, said control
shunt blocking the application of striking voltage
across said discharge element as long as the re-
sistance of its radiation-responsive resistor is
below a predetermined proportion of the resist-
ance of the second radiation-responsive resistor.

7. A combination according to claim 6, in which
the primary coil of a transformer is connected in
series with said discharge element, said ultimate-
current consuming device being located in a
branch of said circuit, said branch including the
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secondary coil of said transformer and a second
discharge element of the aforesaid type which is
connected in series with said ultimate current-
consuming device, said branch having a source of
current whose voltage is less than the striking
voltage of said second discharge element and
equal to the operating voltage of said discharge
element.

FRANCIS PERRIN.,
BORIS PREGEL.



