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This invention relates to a device for use in
starting apparatus requiring the introduction of

resistance when connected to a line so as to pre-

vent excess current flow. Specifically, it relates
s to a device for automatically controlling the cur-
rent flow without manual operation of a control
device such as the commonly used starting box or
rheostat.

) This device utilizes the electrical res1stance
10 of the oxygen series of the sixth periodic group)
when that material is produced in a certain man-

ner and used in an inert atmosphere.

I have found that if silver metal be heated un-'

der pressure in a sulphur atmosphere to a tem-
perature of 600° C., that a-black and dense crys-
talline material is obtained having a very large
negative resistance temperature coefficient, Sil-
ver sulphide made by a wet reaction as by reaction
with an alkaline sulphide or with hydrogen sul-
phide does not have the property described.

In order to indicate this negative resistance
coeficient, the following relation of resistance to
temperature has been observed with a rod of sil-
ver sulphide 1 millimeter thick and 2 cm. long:
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From the foregoing observed data, it is noted
that the resistance drop with temperature is very
large and it is also subject to other variables such
as the voltage applied to the element in measur-
ing the resistance. : ,

I have found that if the resistance element be
operated under pressure in an inert gas such as
helium that a device utilizing this effect can be
made that will maintain its characteristics.

If operated in air, oxidation of the sulphur
takes place which by substitution produces metal-
lic silver and sulphur dioxide which permanently
alters the resistance of the sulphide element.

40

45

50

In a device for use in starting motors which -

_application has been commercially found to be
of advantage, the silver sulphide element is con-

properties of silver sulphide (or other compounds

nected in series with the armature and is heated
by a refractory heater element such as a coiled
tungsten fllament which also is heated by being
connected in series with the load. The variable
resistance element is preferably short circuited
after the motor is at operating speed and it is
maintained in a shunt connection as long as the
load is on. This allows it to cool so as to be at
a high resistance when starting is again desired.
The heater element is also automatically dis-
connected: when the starting has been accom-
plished.

The short circuiting is preferably accomplished
by use of an independently heated thermostatic
element. ]

In order to more completely describe this in-
vention, reference is made to the accompanying
drawing in which is shown & glass bulb (1) which
after having the parts therein assembled, has
been completely exhausted and filled under pres-
sure with helium. The silver sulphide element,
(3) requires ageing which is accomplished by
heating in an inert atmosphere to a temperature
in excess of that to be used in practice or oper-
ation of the device. Nickel rings (4) and (2)
positioned respectively at the top and bottom of
the silver sulphide element (3) are adapted to
establish the electrical circuit through the sul~
phide element and related connection. The
nickel rings, as are all supporting parts, are elec-
trically welded to the support wires in the glass
press or stem in a manner common to the lamp

- and vacuum tube art. -Tungsten spring (5) is
_ used to take up the expansion of the heater flla-

ment (7) which is coiled and made of tungsten.
Supporting and welded to this filament is straight
support wire (68). 'The thermostatic or bimetal
strip (8) is made by rolling and brazing a brass
sheet on an invar steel base and when heated
bends toward the contact on ring (2). Around
the thermostatic element (8) is wound insulated
resistance wire (9) so that when the current be-
comes high enough, it heats the thermostatic
strip causing it to move toward the sulphide tube,
short circuiting it and opening the heater con-
tact. As long as the load current flows, it keeps

the heater circuit open and the sulphide resist- -

ance short circuited. Tungsten contact (10) is
mounted on upper ring (2).
mounted on thermostatic element (8) are ini-
tially in contact with contact (12) which con-
nects the heater element in circuit with the load.
Other designations shown in the drawing are
generator (G):;
(F) and switch for connecting motor (8).
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Tn operation, when the switch (8) completes
the cireuit, the supply current flows through the
tungsten coil heater circuit, which due to radia-
tion and excellent thermal conductivity of the
helium, Tapidly heats the silver sulphide tube.
This sulphide tube is in shunt with the heater.
When the sulphide tube becomes heated, its re-
sistance drops from an open circuit value to &
very low resistance and when the current in the
résistance (2) is great enough it heats the ther-
mostat element (8) which bends over toward the
sulphide tube, breaking the heater circuit be-
tween contacts (11) and (12) and short circuits
the sllver sulphide resistor element by making
contact with contact (10) on upper ring (2).
This ailows the silver sulphide to cool and refurn
to its normel high resistance. The heat from
the clement (9) is insuficlent to adequately raise
the temperature of the silver sulphide to an ei-
fective value. N

The tube can be mounted as shown in a molded

base (15) with prong connections (13) and (14).

Yhile silver sulphide is deeméd preferable, I
have alse been sble to accomplish the operating
characteristics described, though with less effi-
ciency, with other compounds of the oxygen se-
ries of the sixth periodic group, such as cuprous
oxide, entimony sulphide, cupric oxide and mix~
tures of cupric and antimony sulphide.

A thermostatic means for short circuiting the
silver sulphide is considered preferable, but it is
obvious that other means, such as eleciromag-
netic mesns could also be used in o similar man-

ner. Itis also obvious that the shunting meé_ms

could be external if desired.

What is clalmed is: - .

1. In & sesled atmosphere of helium, the com-~
bination of g silver sulphide tube, & refractory
heater ¢oil with which it is in shunt, end 2 bi-
metailic thermostat. element adepted to short
circult said silver suiphide tube at & predeter-
mined temperature.

2. In combination, o sealed envelope having

an gimosphere of helium and contalning & va~

riable resistance device employing as its veriable

‘resistence element 2 crystalline sulphur com-

pound, assoclated thermel means within seid en-
velope to effect the desired veriations in resist-
ance, and meens to short circuit said varieble
resistance element when a predetermined resisé-
ance velue is obtained. - . :

3. In combination, a veriable resistance. ele-

ment consisting of ‘s, crystalline compound hav=

ing sn sbnormal negative temperature cogill-
cient, associated thermsl means to effect the
desired resistence variation, with means to sl-
multenecusly short circuit said veriable resist-
ance clement and disconnecet the thermeal means.
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4. In o sezled envelope having an atmosphere
having a heat conductivity grester than alr, the
combination of & verisble resistance element con-
sisting of & crystaliine compound heving an ab-
normgl negative temperature coefiicient, asscci-
ated thermal means within said envelope to ef-

‘fect the desired resistance variation, with means

to short circuit said vérieble resistance element
and disconnect the thermal means. o

5. In combination in & sealed envelope contain-
ing helium, a variable resistance element con-
sisting of silver sulphide, sssociated thermal
means within sald envelope to effect the desived
resistance variation, with means to shord circuit
said variable resistance element and discomnect
the thermeal means.

8. A resistance device comprising the combing-
tion of s tube of & material having & negative
temperature coeficient, a heater elemens exisliy
suspended within said tube, with means of simul-
taneously short circuiting said tube and discon-
necting said axially arranged heater element.

7. A resistance device comprising the combina-
tion af a tube of silver sulphide, g heater element
axially suspended within said tube, with means
of simultaneocusly short circuiting said tube and
disconnecting said axially arranged heater
element. o

. 8. A resistance device comprising the ‘combina-
tion of a tube of 8 material having a negative
temperature coeflicient a heater element axially
suspended within said tube, with means of si-
multaneously short circuiting said tube and dis-
connecting said heater clement, said combina-
tion arranged in an envelope containing an inert
gas of high thermal conductivity.

9. A resistence device employing & resistance
élement heving a negafive temperature coefil-
cient of resistence, temperature responsive means
positioned in clese proximity to said element to
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short circult said element when & predetermined”
resistance value i8 reached, and mesns to main-

tain the tempersture of said temperature re-
sponsive means when sgid resistance element is
short circuited. )

10. A resistance ‘device employing & resistance

clement heving & negative temperature coeid-
cient of resistance, temperature responsive
means positioned in close proximity to said ele-

ment to short circuit said element when & pre- .-

determined resistance value is reached, and aux-
{liary meeans to initially raise the temperature of
siid temperature responsive meens and to main-
tdin the temperature thereof when said element
ig short circuited. - :

’ C SAMUEL RUBEN.
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