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11 Claims.

The present invention relates to methods of
and apparatus for rapidly and recurrently modi-
fying current flow in electric circuits, and in par-
ticular is directed to improvements in or relat-
ing to the methods and apparatus disclosed and
claimed in the co-pending application of the
present applicant and W. Dumke, Serial No. 4056,
filed January 30, 1935, and in the co-pending ap-
plication of the present applicant, Serial No.
179,893, filed December 15, 1937, now Pat/ents Nos
2,163,708 and 2,163,709, respectively.

The princlpal objects of the present invention
are to provide improved devices of the above in-
dicated character, as well as improved methods
of assembling, regulating, and utilizing the same;
and to provide such devices of simplified mechan-
ical -construction, and embodying improved fea-

_tures of control.

Purther objects of the present invention are

to provide an improved device of the above indi-
" cated character, comprising generally inner and
outer envelopes having contact terminals project-
ing thereinto, respectively, and disposed to be
connected together through an element having
a relatively fine tubular bore; to provide such a
structure which is operative in all rotative. or
tilted positions thereof; and to provide such a
structure which is extremely simple and durable
in construction. ‘

Further objects of the present invention are to
provide improved devices of the above generally
indicated character embodying an improved
means for balancing the pressures acting upon
the ends of the thread of conducting material,
" to provide such structures embodying threads of
conducting material arranged in multiple, so as
to increase the capacity of the device; and to
provide such structures selectively arranged so as
to apply varying degrees of pressure to the ends
of the thread of conducting material,

Figure 1 is a view in vertical transverse section

. of a preferred embodiment of the invention;
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Fig. 2 is a view in horizontal section, taken
along the line 2—2 of Fig. 1;

Figs. 8,4, 5, 6, 7, and 8 are detailed views of
the individual elements utilized in the structure
of Figs. 1 and 2;

Figs. 9 and 10 are views mustratlve of the pre~
ferred method of assembly of the structure of
Pigs. 1 and 2;

Pig.111s a diagrammatlc view illustrative of
sultable evacuating and charging apparatus used -
in the process of assembling the structure of

“Figs. 1 and 2;

Pigs. 12, 13, 14, 15, and 16 are diagrammatic
structural views of modified embodiments of the
invention; and

Figs, 17, 18, and 19 are diagrammatic views,
illustrative of preferred circuit relationship for
use in the practice of the invention.

Considering first the embodiment of Figs. 1
through 10, the device comprises generally a
plug type base 38, an outer envelope 32, an inner
envelope 34, a tubular member having a relative-
Iy fine bore 38, and inner and outer terminal
members 48 a.nd 42, respectively. ‘'The outer and
inner envelopes 32 and 34, as well as the tubular
member 36, may be, and preferably are, formed
from a refractory material capable of withstand-
ing substantial changes in operating tempera-
ture, such as the glass sold commercially under

. the name “Pyrex.”

The base 30 may be, and preferably is, formed

" of a cylindrical metal body 44, having an enclos-
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Further objects of the present invention are

to provide improved circuit connections for con-
trolling the performance of the unit, character-
ized as embodying means which may be selec-
tively regulated so as to vary the frequency and
output of the unit. ‘

With the above and other objects in view,
which appear in the following description and in
the appended claims, preferred but illustrative
embodiments of the invention are shown in the
accompanying drawings, throughout the several
views of which corresponding reference charac-
ters are used to designate corresponding parts
and in which:

ing Insulating base 46 provided with conducting
ferrules 48 and 49, into which the lower ends of
the terminals 46 and 42 project, for connection
to the associated .circuit. The outer envelope,
which houses the inner envelope, preferably has
an outer diameter adjacent its lower portion
substantially equal to the inside diameter of the
metal case 44. The lower end of the outer en-
velope is sealed within the base 30 in any suit- -

. able way, as by introducing a quantity of paste-

45

like phenolic condensate,:such as that known
commercially as “Bakelite,” and -thereafter heat-

" ing the unif 50 as to bake the paste into a hard
- form. The resulting unit is relatively small in

50

size, and is extremely rugged and durable in
operation, as well as beinig extremely simple of
assembly.

‘The inner envelope 34 .is preferably formed of
an initially tubular section of stock 34a (Fig. 3)
having the lower end thereof constricted as indi-

; 53 cated at 34b. The initial a.ssembly step prefer-
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ably consists in introducing ‘the inner terminal
40 into the inner envelope 34, thereafter intro-
ducing the tubular member 36 into the end of
the envelope 34, sealing off the lower end 34b of
the envelope 34, and finally forming & seal be-
tween the envelope and the member 36 which en-
tirely surrounds the member 36. In performing
this assembly operation, it is preferred to position
+he member 36 axially of the envelope 34, by per-
mitting its Jower end to rest upon the upper and
coiled end 40a of the inner terminal 40. During
such operation, a predetermined axial relation
is, of course, maintained between the terminal
40 and the envelope 34.

The just described resultant inner structure
thus constitutes an inner chamber §¢ which is
completely sealed off and to which access is af-
sorded only through the relatively fine bore 38
formed in the tubular member 36.

Following the just above described assembly of
the inner envelope structure, it is preferred to In-
troduce the inner envelope structure and the out-
er terminal 42 into the outer envelope 32 through
the lower end thereof, bringing these Inner parts
to substantially the axial position shown in Fig.
10, in which position the inner envelope M is
completely surrounded but radially spaced from
the upper coiled end 42a of the outer terminal
42. With the parts thus positioned, the outer
envelope, the ocuter terminal 42, and the inner
envelope structure, may be fitted into a suitable
heating fixture and while retained therein, the
lower end of the outer envelope 32 may be
pinched upon itself, as indicated at 32a, thus
completely sealing such lower end.

Either before or after; but preferably after, the
inner envelope structure is secured within the
base 30, the unit.is connected to a pumping sys-
tem, represented by the tube 80 of Fig. 11, and
both the inner and outer chambers are evacuat-
ed, to a suitable degree, such as two to three
millimeters of mercury. If desired, the unit may
be internally rinsed as by introducing an inert

gas, such as argon or neon, and thereafter again.

evacuating the unit. After treating the unit in
the just specified way, so as to Insure that the
interior of the inner chamber 50, as well as the
interior of the outer envelope 32, is substantially
free of forsign gaseous content, a suitable quan-

tity of conducting material is. preferably intro- ¢

duced into the unii through the just mentioned
tube 60, which may be provided with a filler
pranch 82 for this purpose. As is described in
detail in the above identified copending sappli-
cation, the conducting material is selected as one
which is a relatively good conductor in a liquid
phase, and which becomes, at least in a relative
sense, a substantial non-conductor when in the
gaseous or vapor phase. Mercury, or mercury
amalgam, both being hereinafter referred to by
the generic term mercury, is a preferred material.
During the filling stage, the conducting material
is preferably introduced into the outer envelope
to a point somewhat above the top of the inner
envelope 34. The weight of the mercury, or
other material, above the top of the bore 38, as-
sisted by the partial vacuum within the chamber
50, causes a relatively rapid flow of the mercury
through the bore 38 into chamber 50, ultimately
completely filling the latter, so that the inner
terminal 40 is thus in continuous conducting re-
lation, through the mercury.in the completely
filled chamber 58, with the mercury in the tubu-
lar bore 38. The flow of mercury into the cham-
per 50 serves to lower the level therein in the
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2,205,208 .

outer envelope 32 to substantially the point rep-
resented by the line ¥ in Fig. 1.

Dependent upon considerations which are dis-
cussed in more detail below, the sealing off of
the upper end 32b of the outer envelope 32 may
take place while the interfor thereof is partially
evacuated, or this operation may be postponed
until an inert gas, such as argon, neon, or the
like, is introduced into the upper end of the out-
er envelope, elther to a subatmospheric, atmos-
pheric, or greater than atmospheric pressure. In
any event, following sealing off the upper end 32b
of the outer envelope, it will be appreciated that
the structure defines an outer container or cham-
ber 64 which is substantlally filled with conduct-
ing material, an inner chamber 58 which Is en-
tirely filled with conducting material, and a sin-
gle communicating passage 38 between the two.
The terminal 42 projects into the outer chamber
64 and is in continuous electrical contact with
the material within the bore 38 through the ma-
terial contained in such outer chamber 64, The
inner terminal 40 projects into the chamber B0
and is also in continuous electrical contact with
the material in the bore 38 through the material
in such chamber 50.

It will be noted that the normal level y of the
conducting material within the chamber 64 Is
substantially above the level of the upper end
of the bore 38. The outer envelope, as well as the
inner structure, are preferably so proportioned
that even though the unit is turned upon its
side or at an intermediate angle, the resultant gas
bubble occupies a space above the then position
of the bore 38, s0 that such tilting does not inter-
rupt the otherwise complete electrical continuity
between the terminals 48 and 42 through the
bore 38. It will also be noted that the lower end
50a of the inner chamber 80 is positioned a sub-
stantial distance above the lower end 84a of the
chamber 68, With this relation, if the unit is
inverted, the resultant gas bubble assumes a
position adjacent the end 6&a but above the
end 50a of the inner chamber 58. Accordingly,
no tendency whatever results, even when the unit
is in the just mentioned inverted position, for any
of the conducting material to flow outwardly of
the chamber 58. In all positions of the device,
accordingly, the relation is one in which the inner
and outer terminals 48 and 42 are in continuous
electrical contact with each other through the
material contained within the tubular bore 38.

Subject to the above considerations concern-
ing the tiltability of the device, it will be appreci-
ated that the volumes of the inner and outer en-
velopes, as well as the volume and pressure of the
gas bubble, and the diameter and length of the
bore 38, are determined on the same basis as
is described in detail in the above identified co-
pending patents. That is to say, the dimension-
ing of the device is such that at the normal ex-
pected load currents, the heat generated in the
conducting material within the bore 38,-converts
a portion of such material into the vapor phase,
partially or entirely interrupting the electrical
continuity between the terminals 40 and 42 and
correspondingly partially or entirely interrupting
the heating action. The interruption of the
heating action permits the material within the
bore 38 to recondense wholly or in part into its
initial conducting condition, thus “recompleting”
the circuit. The proper dimensioning of the
above mentioned elements thus causes the suc-
cessive increases and decreases in current to oc-
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cur at a frequency which can Be readily regulated
between relatively wide limits. - )

The unit described, with reference to Pigs.. 1
to 11, is-characterized, of course, as utilizing only
a single column (bore 38) of conducting mate-
rial, so that all the power transmitted through
the device is required to be passed through such
single column of conducting material. As previ-
ously pointed out, the diameter and length of
the just mentioned single column serves to con-
trol both the frequency, as well as the current
output, of the device. It has been observed that
increases in the voltage applied across the de-
vice, while having the effect of increasing the
frequency thereof, and of increasing the instanta-
neous current values, do not result in propor-
tionate increases in average values of the current
passed through the device., This appears to be
for the reason that such increase in voltage, other
conditions remaining the same, shortens the ra-
tio of the “conducting” periods to the “non-con-
ducting” periods in each cycle.

It has been observed, however, that for a given
operating voltage, and a given desired frequency,
the output of a device may be materially in-
creased by providing a plurality of the conduct-
ing columns, and this arrangement is shown in
Fig. 12. In Fig. 12, the device 18 follows gener-
ally the construction described in the above iden-
tifled copending application, and comprises a
tubular member 72, end containers 14 and 18, and
terminals 18 and 20 which project into the end
containers, respectively. The tubular member
12 is provided with a plurality of relatively fine
bores 82 and 84, of substantially identical dimen-
sions. The dimensioning of each bore is such
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that, considered alone, the device will be opera-

tive to produce a predetermined frequency of
modulating action and a predetermined average
current flow, in response to the application of a
normal or expected voltage across the terminals

78 and 80, all as described in the above identified’

copending application and as also described with
reference to Figs. 1 through 11. In operation,

however, identical current flows and “interrupt- -

ing” actions occur in each of the tubular bores
82 and 84, so that the average value of the cur-
rent flow through the device is equal to the sum
of the average values of the currents in the in-
dividual bores 82 and 84. For a given voltage
and frequency, accordingly, the average current
output or power capacity of the multiple bore
unit of Fig. 12 is substantially twice that of a
corresponding unit having only a single bore. It
will be appreciated that particular care must be
. observed In the manufacture of a unit of the type
shown in Fig. 12, to ensure substantial uniform-
ity between the several bores such as 82 and 84,
50 as to ensure that the interruptions in the two

bores will occur in synchronism with each other. .

The arrangements of Figures 13, 14, 15, and 16
are {llustrative of further improvements in the
structures shown in the above identified copend-
ing applications, the improvements being di-
rected primarily to the provision of means to
maintain & predetermined balance between the
pressures existing in the several end containers

40
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dult 102, having a branch 104 which may be
closed off by a suitable valve 106. . .

Subject to the considerations discussed below,
with respect to the pressures within the devices,
it will be appreciated that the spaces 108 and
110 above the conducting material §i2 in the end"
containers may be suitably evacuated or positive-
1y charged preferably with a suitable relatively
inert gas, through the valve 106 and the conduits
108 and 102. These condujts also serve to main-
tain the pressures within the end containers at
substantially uniform values at all times. This
uniformity of pressure is found to improve the
operation of units of the type shown in Fig. 13
in certain instances, apparently for the reason
that the balanced pressure tends to maintain the
intermittently formed bubble of non-conducting
vapor within the bore 92 in substantially fixed
position intermediate the ends of the bore. The
arrangement of Fig. 14 duplicates that of Fig. 13
with the exception that the unit 14 in this fig-
ure is provided with multiple bores 116 and 118
in the member {20 thereof, in accordance with
the disclosure of Fig. 12.

The embodiments of Figs. 15 and 16 are of the
so-called double-wave type described in detail in
the above identified copending applications. The
arrangement of Fig. 15 comprises end containers
130 and 132 and an intermediate container 134.
A connecting member 136, having a bore 138,
forms a connection between containers 130 and
134, and a corresponding member 140, having a
bore - 142, forms a corresponding connection be-
tween the end container 132 and the intermediate
container 134. Terminals (44 and 14§ project
into the end containers, respectively, and a cen-
tral terminal 148 extends into the intermediate
container 134, As is described in the above iden-
tified copending application, and-as is also de-

“scribed below with reference to Fig. 19, the unit

in Fig. 15 may be suitably connected to a source
of power 8o as to provide double or full wave op-
eration. The unit of Pig. 15 is provided with
pressure balancing conduits 150, 152, 154, which
lead, respectively, into the end containers 1360,
132, and the intermediate container 134, and
which also are conneeted to a branch conduit
186 leading, through a valve 158, to a suitable
Pressure or vacuum system (not shown). It will
be appreciated that the balancing conduits in
Fig. 15 maintain an exact balance between the
pressures existing in the various containers for
the conducting material. The arrangement of
Fig. 16 corresponds to that of Fig. 15, with the
exception that the device thereof is provided .
with multiple bores such as (62 and 164 in each
of the connecting members 166 and 168, for the
purposes and to produce the improvements de-
scribed above in more detail with reference to
PFig. 12 X .
In general, it may be said that the operation
of the devices shown in Figs. 1 through 16 de-
pends primarily upon alternative heating and

. cooling of the normally conducting material con-

" for the conducting material. In Pig. 13, the de- °

vice comprises a connecting tubular member 98,
having a bore 82, proportioned according to the
. teachings of said copending application, end con-
tainers 94 and 96, and terminal members 88 and
100 which project into the end containers, re-
spectively. In addition, the two end containers

70

tained in the connecting bores thereof. The
heating action results in the transformation of
a quantity of the conducting material into a sub-
stantially non-conducting vapor phase, and the
cooling action results in the recondensing of all
or part of the vaporized component to the liquid

- phase. ‘The “conducting” interval in each cycle

94 and 96 are interconnected by a balancing con. 75

of operation of the device appears to be primarily
determined by the time required for what may
be called the normal current through the device
to heat the conducting material suficiently to
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transform it to the vapor phase. The “non-con-
ducting” interval in each cycle, conversely, ap-

pears to be primarily controlled by the interval

required for the vaporized bubble to partially or .

entirely recondense to the liquid phase, thus per-
mitting the current value to rise to the above
mentioned normal value and initiate another
heating cycle. : :

The frequency of the just mentioned conver-
sions from “conducting” to “non-conducting” re-
lations, and vice versa, appears to be, as has
previously been noted; a definite function of the
diameter and length of the connecting bore, and
also appears to be a definite function of the pres-
sures to which the conducting material is sub-
jected, and of the electrical characteristics of the
associated circuits.

‘With respect to the pressures to which the con-
ducting material is subjected, it appears that the
pressures within the end containers of the de-
vices in Figs. 12 through 16, and within the cham-
ber 64 in the devices in Figs. 1 through 11, have
a definite control of the frequency and the out-
put of the associated device. This appears to be
due primarily to the fact that the pressures con-
trol the duration of each “non-conducting” inter-

2,205,305

of the circuit, including the device, it will be ap-
preciated that each conducting interval of the
device involves the building up of the instantane-
ous current through the device from a Zero or
substantially zero value to & maximum value, and
also involves a falling off of the current from
the maximum value to a substantially zero value.
The inductive, capacitive, and resistive compo-

" nents of any electrical circuit serve to control

10

15

20

25

val, it being appreciated that the “non-conduct-

ing” icterval results from the formation of a
substantially non-conducting vapor bubble,
which is required to be condensed in whole or
in part to the liquid phase in order to terminate
the “non-conducting” interval. The tempera-
ture at which the vapor bubble recondenses is,
of course, & function of the pressure to which the
bubble is subjected. Accordingly, a relatively
high pressure within the unit is found to be
accompanied by a decrease in the length of each
non-conducting interval, and a relatively low
pressure within the device is found to be accom-
panied by an increase in the length of each-non-
conducting . interval. In each case, the vapor
bubble is subjected to a mechanical force repre-
sented by the gravity head of the conducting
material above it, tending to cause a recondensing
action. In the case of a relatively low pressure
within the end containers, it would appear that
this gravity head is a dominant force in produc-
ing recondensation, and in the case of relatively
high pressures, it would appear that the gravity
component is relatively unimportant. The reduc-
tion in the length of each non-conducting period
serves to increase the output frequency of the
device and also appears to produce an increase
in the average current values, since the ratio of
conducting to non-conducting perlods is in-
creased. .

In the case of the device of Figs. 1 through 11,
the pressures existing within the device are, of
course, determined at the time of manufacture,
since the outer envelope 32 is sealed at the port
32b as the final step to manufacture thereof.
Depending upon expected service conditions, ac-
cordingly, the initial pressure within the device
may be varied between relatively low or partial
vacuum values and relatively high or substantial
pressure values. The arrangements of Figs. 13
through 16 are particularly advantageous with
respect to control by pressure, in view of the fact
that the devices, in service, may be connected to
suitable pumping systems, through the valves 108,
" 158, etc., associated therewith, so as to permit
a variation of the pressure during operation,
thereby affording & means of varying the fre-
quency and output of the device.

With respect to the electrical characteristics
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the rate of build-up and drop-off of current flows
through the corresponding circuits, as will be ap-
preciated. In addition, the inductive component
of an electrical circuit is determinative of the
quantity of electrical energy stored in the circuit,
which must be dissipated when the circuit is in-
terrupted. The. stored energy in a circuit nor- .
mally appears as an arc drawn between the con-
tacts of the switch utilized to open the circuit.
In the case of a device of the present type, the
opening or separating action occurs within the
tubular connecting bore. The transition from
heat conducting to heat non-conducting interval
of the device, accordingly, may be expected to in-
volve some tendency for the formation of an arc
passing between the two ends of the conducting
material which are separated by the substantially
non-conducting bubble. As is described in the
above identified co-pending application, the tend-
ency for the formation of such an arc may be
reduced and in some cases substantially elimi-
nated by interposing a capacitance in parallel
with the device, which may be charged by the
energy stored within the system. A control of
this character appears to alter the frequency of
operation of the device in that the otherwise ex-
isting tendency to form an arc tends to prolong
the conducting interval and sc tends to decrease
the overall frequency of the device. .

In addition, it has been discovered that a defl-
nite control of the frequency of the device may
be effected by suitably adjusting and varying the
relative values of the inductive, reactive, and ca-
pacitive components of the associated circuits.
In Fig. 17, for example, the device 178, which
may, and preferably does, follow the construction
described with reference to Figs. 1 through 11,
is connected to a suitable source of power repre-
sented as a battery 1712, in series with the pri-
mary winding of a transformer |7¢ and a regu-
lating control resistor 118. ‘A condenser (8% is
connected in parallel with the device I78. The
associated circuit thus contains predeterminable
components of resistance, reactance, and capaci-
tance, and the device itself also includes prede-
terminable components of resistance and react-
ance. By suitably varying the effective value of
the resistor I8 in the associated circuit, it has
been found that a corresponding variation in fre-
quency results, increases in the resistive compo-
nent of the circuit per unit of voltage across the
device 170 having been found to increase the
frequency of the device, and decreases in the
resistive component per unit of voltage across
the device having been found to decrease the fre-
quency of the device. )

Fig. 18 is illustrative of a suitable regulating
circuit for a device of the double-wave type, such
as shown in Figs. 15 and 16. In Fig. 18, the in-
termediate contact 148 of the device is connected
to one terminal of a suitable source of power rep-
resented as a battery (82, The other terminal
of the battery 182 is connected through a regu-
lating resistor 134 to a center tap 186 on the pri-
mary winding 188 of a suitable transformer 198.
The end terminals {44 and 146 are connected,



' 8,905,208

respectively, to the end turns of thé winding f88.

Condensers 192 and (94 are connected in paral-

lel with the separate halves of the device, in series

with regulating resistors 198 and (98 respectively.

"It will be appreciated, accordingly, that the pri-
‘'mary regulating resistor 184 is connected in series
with each separate half of the interrupting. de-

vice, and that the secondary regulating resistors

- 196and 198 are connected in parallel with the tun-
ing or discharge circuits associated with said

halves. In accordance with the description of Mg,

11, it is found that variations in the effective
values of the regulating resistors are accom-
panied by corresponding variations in the fre-
quency and output current of the unit. .

It has been found in practice that the device
of the present invention is also applicable for use
in circuits of the so-called Poulsen arc type. In
Fig. 19, a device 200, which may, and preferably
. does, follow the construction described with ref-
erence to Figs. 1 through 11, is connected to a
_ suitable source of power represented by the bat-

tery 202, and is also provided with a tuning con-
denser 204. The usual Poulsen oscillating circuit,
including the primary transformer winding 208
and a condenser 210 are connected in parallel
with the device 208. With this relationship, it
will be appreciated that the device rapidly and
recurrently interrupts the supply circuit, as well
as the oscillating circuit, at a rate determined
by the electrical characteristics of the supply cir-
cuit and of the oscillating circuit, and produces
an oscillating action in the oscillating circuit in
accordance with the usual principles of opera-
tion of the Poulsen arc circuit.

Although specific embodiments of the inven-
ton have been describeéd in detail, it will be ap-
preciated that various modifications of the form,
number, and arrangement of parts, as well as the
specific methods of assembly and of utilizing the
same, may be made within the spirit and scope
of the invention. :

What is claimed is: o »
~ 1. A device for rapidly and recurrently modi-
fying current flow in electric circuits, compris-
ing in combination an outer sealed envelope, an
inner sealed envelope positioned within said outer
envelope, an element having a relatively fine bore
forming a connection between the interior of
said outer envelope and the interior of said inner
envelope, terminal means projecting into said

- outer and inner envelopes respectively, and ma-
terial contained in said envelope forming an elec-
trical connection between said terminals through
sald bore, said material having the property of
being relatively freely conducting in one state and
having the property of being transformed to a

. relatively non-conducting state in response to the

" heat generated by the passage of an electric cur-

" rent therethrough between said terminals.

2. A device for rapidly and recurrently modi-
fying current flow in electric circuits, comprising
in'combination an outer sealed envelope, an inner
sealed envelope positioned within said outer en-

velope, an element having a relatively fine bore.

forming a connection between the interior of said
outer envelope and the interfor of said inner en-
velope, terminal means projecting into said outer
and inner envelopes respectively, and material
contained in said envelope forming an electrical
connection between said terminals through said
bore, said material having the property of being
relatively freely conducting in one state and hav-
ing the property of being transformed to a rela-

10

5

heat generated by the passage of a currént there-
through between said terminals, said material -
acting to completely fill said inner envelope and
‘to partially fill said outer envelope,

3. In a device for rapidly and recurrently modi-
fying current flow in electric circuits, comprising
in combination an outer sealed envelope, an inner
sealed envelope positioned within said outer en-
velope, an element having a relatively fine bore
forming a connection between the interior of
said outer envelope and the interior of sald inner

. envelope, terminal means projecting into said
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outer and inner envelopes respectively, and ma-
terial contained in said envelopes forming an
electrical connection between said terminals
through said bore, said material having the prop-
erty of being relatively freely conducting in one
state and having the property of being trans-
formed to a relatively non-conducting state in
response to the heat generated by the passage
of a current therethrough between said terminals,
sald material acting to completely fill said inner
envelope and to partially fill said outer envelope,
the portion of said outer envelope not fillled by
said material being charged to a predetermined
pressure with an inert gas. ¢ .

4. In a device for rapidly and recurrently mod-
itying current flow in electric circuits, compris-
ing in combination an outer sealed envelope, an
inner sealed envelope positioned within said outer
envelope, an element having a relatively fine bore
forming a connection between the interior of said
outer envelope and the interior of said inner en-
velope, terminal means projecting into said outer
and inner envelopes respectively, and material
contained in said envelope forming an electrical
connection between said terminsls through said
bore, said material having the property of being
relatively freely conducting in one state and hav-
ing the property of being transformed to a rela-
tively non-conducting state in response to the
heat generated by the passage of a current there-
through between said terminals, said material
acting to completely fill said inner envelope and

to partially fill said outer envelope, the portion
of said outer envelope not filled by said material

being under a partial vacuum. .
5. In a device for rapidly and recurrently mod-

‘ifying current flow in electric circuits, comprising

in combination, an outer sealed envelope, an in-
ner sealed envelope positioned within said outer
envelope, an element having g relatively fine bore
forming a connection between the interior of said
outer envelope and the interior of said inner en-
velope, terminal means projecting into said outer
and inner envelopes respectively, and material
contained in said envelope forming an electrical
connection between said terminals through said
bore, said material having the property of being
relatively freely conducting in one state and hav-
ing the property of being transformed in a rela-
tively non-conducting state in response to the
heat generated by the passage of a.current there-
through between said terminals, said .material
acting to completely fill said inner envelope and
to partially fill said outer envelope, the portion of
sald envelope not filled by said material being
charged with an inert gas to a pressure substan-
tially in excess of one atmosphere. i

6. In a device for rapidly and recurrently modi-
fying current flow in electric circuits, the com-
bination of a base structure, an outer envelope,
an inner envelope supported within said outer
envelope, an element having a relatively fine bore

tively non-conducting state in response to the 75 extending therethrough forming a communica-
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tion between said inner and outer envelopes, ter-
_ minal means projecting through said base Into
sald inner and outer envelopes respectively, and
a normally conducting material contained within
sald outer and inner envelopes and forming a
normally conducting thread between sald termi-
nals through said bore. ' . ’

7. The method of assembling a device having

an outer envelope, an inner envelope contained

within said outer envelope, a member having a
relatively fine bore forming a connection between
said envelope, and terminal members extending
into said inner and outer envelopes respectively,

which includes the steps of introducing said ele-

ment and one of sald terminals into sald inner
envelope, forming a seal between said element and
sald inner envelope and between sald terminal
and said inner envelope so as to form closures
for the erds of sald envelope, introducing said
Qlement, inner envelope, and one terminal and
said other terminal into one end of sald outer

envelope, sealing said one end.of said outer en-'

velope so as to support sald inner envelope there-
in, and finally sealing the other end of said outer
envelope. ,

8. In a device for rapidly and recurrently modi-

fying current flow in a circuit, the combination .

of means providing a pessageway, current con-

. ducting material fillilng sald Dpassageway of a

character that applied heat causes a change of
physical state to a non-conductor of current,
means for connecting saild material in said cir-
cuit, sald passageway having dimensions prede-
termined according to the normal value of the
current passing through said circuit to cause the
resistance offered by the material in sald passage-
way to produce the quantity of heat necessary
to cause such change of physical state, means
including containers for said material for en-
_ closing the ends of said passageway, and means
supplemental to sald passageway for balancing
the pressures within sald containers.

9.In a device for rapidly and recurrently
modifying current flow in a circuit, the combi-
nation of means providing a passageway, cur-
rent conducting material filling said passageway
of a character that applied heat causes a change
of physical state to a non-conductor of current,

means for connecting said material in gaid cir-
cult, said passageway having dimensions prede-
termined according to the normal value of the
current passing through said circuit to cause the

5 resistance offered by the material in said passage-

way to produce the quantity of heat necessary to
cause such change of physical state, means in-
cluding contalners for said material for enclosing
the ends of said passageway, said containers being-

10 ‘subjected to balanced pressures substantially in

excess of one atmosphere. :
10, In & device for rapidly and recurrently

modifying current flow in a circuit, the combi-

nstion of means providing a passageway, current

15 conducting material fllling said passageway of a

character that applied heat causes a change of
physical state to a non-conductor of current,
means for connecting said material in said cir-
cuit, sald passageway having dimensions prede-

20 termined according to the normal value of the

current passing through said circuit to cause the
resistance offered by the material in said pas-
sageway to produce the quantity of heat neces-
sary to cause such change of physical state,

o5 means including containers for said material for

enclosing the ends of sald passageway, said con-
tainers being maintained at balanced partial
vacuums.

11. In & device for rapidly and recurrently

30 modifying current flow in a circuit, the combina-

tion of means providing a passageway, current .
conducting material filling gsald passageway of a
_character that applied heat causes a change of
physical state to a non-conductor of current,

35 means for connecting said material in said cir-

cult, sald passageway having dimensions prede-
termined according to the normal value of the
current passing through said circuit to cause the
resistance offered by the material in said pas-

40 sageway to produce the quantity of heat neces-

sary to cause such change of physical state,.
means for subjecting said material to a pressure
tending to cause said material to resume its con-
ducting state, and means for varying sald pres-

43 sure to thereby effect a variation in the frequency

of sald device.
KURT E. SCHIMKUS.



