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members 12 and 19, 20 and 9,12* and 19*, and 
20* and 9*are allin electrical engagement. 
Theoperation of the apparatus shown in 

Fig. 1 isas follows: 
When the switch Sis open, as shownin full 

lines in the drawing, the supply of current 
to the heating element His discontinued, so 
that this element and the thermo-sensitive 
substance Eare comparatively cool. Under 
this condition the resistance of the thermo 
sensitive substance Eis so high that the cur 
rent, if any, which flowsin the secondarycir 
cuit frombattery Bºis not sufficient to light 
the lamp L. When, however, the switch Sis 
closed so that currentis supplied to the heat 
ing element H from the primary battery I3, 
this element becomes heated andin turn raises 
the temperature of the thermo-sensitive sub 
stance E. The resistance of the substance E 
is then reduced to such value that the current 
which flows in the secondary circuit from 
battery Bºis of sufficient magnitude to light 
the lamp L. When switch Sis again opened 
the heating element Hand the thermo-sensi 
tive element E again become cool, so that 
lamp Lbecomes extinguished. 
When the inner electrode 10 isin the form 

of a perforated conductor, such as gauze ora 
grid, this electrode will not be inelectrical 
contact with all points on the inner surface 
of the thermo-sensitive substance E, and so 
the eficiency of the device will not be maxi 
mum. If desirable, the efficiency may be in 
creased by the modification shown in Fig. 2, 
wherein a tube-like member 15 of heat-con 
ductive, electro-conductive material, such as 

40 

50 

55 

60 

thingold leaf, isinterposed between the elec 
trode 10 and the thermo-sensitive substance 
E. This tube or sleeve 15, which may be 
termed an auxiliary inner electrode, will in 
effect place the maininnerelectrode 10 in elec 
trical contact with substantially the entirein 
ner surface E, and so will increase the efi 
ciency of the device toa maximum. 

In Figs.1 and2 the inner electrode 10 is 
perforated to secure the desired thermal con 
ductivity. The same result may be accom 
plished by makingthis electrode thinand un 
perforated, and blackening the inner surface, 
that is, the surface next to the heating ele 
ment, so that this surface becomes agood 
heat-absorbing surface. This modificationis 
illustrated in Fig. 8. v, 

Ihave found that when certain thermo-sen 
sitive substances are operated in air, a grad 
ual change occurs in the nature of the sub 
stance and so in its characteristics. Forex 
ample, cuprous oxide gradually changes to 
cupricoxide, with the result that a change oc 
cursin the characteristics of a device in which 
this substance isemployed. This change may 
be avoided by operating the substances in 
vacuo orina gas having noeffect on the sub 
stagee. In Fig. 3 I have shown adevice R" 
soºtonstructed as to permit operation of the 
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thermo-sensitive substance under either of 
these conditions. In this view, the electrodes 
10 and 11, with the thermo-sensitive substance 
Ebetween them, are located within the bulb 
7insteadofon the outer surface of the bulbas 
in Fig. 1. These members may be supported 
in any suitable-manner, as for example, by 
means of loops' 16 welded to the bulb. The 
heatingelement His awire or filament which 
passes from contact 9 through the inner elec 
trode 10, and returns outside of the outer 
electrode 11 to the contact 12. This filament 
is supported by one ormore tiewires 17 whicl. 
are sealed in the bulb. The bulb 7 may be 
a receptacle from which the air has been 
evacuated toa very low pressure, or this bulb 
nay be filled withagas which has no effect 

on the thermo-sensitive substance E, such for. 
example as nitrogen, argon or helium. A 
small amount ofoxygen may be added to this 

; gas to prevent discharge of oxygen from the 
thermo-sensitive substance E when the device 
is first putintoservice. 

Itis. of course, obvious that the inner elec 
trode 10 and the thermo-sensitive substance 
Ein Fig. 3 may, if desirable, be more inti 
mately connected by an auxiliary inner elec 
trode asin Fig. 2. 
The device R" of Fig. 3 may be substituted 

for the device R in the apparatus shown in 
Fig. 1 and the operation of the apparatus 
will be as explained hereinbefore. 

Referring now to Fig. 4, the device Rº 
shown herein comprisesa tube 7 provided 
with terminalplugs8and8°asin the preced 
ing views. Mountedin the tube isa heating 
element Hin the form of a wire of suitable 
material such as nichrome, the terminals of 
which are connected with the two terminals 
respectively of plug8. This heatingelement 
passes through a bead orglobule E" of ther 
mo-sensitive substance. Also embedded in 
the bead E" are two electrodes 10 and 11 
which as here shown are in the form of wires 
and which are connected with the two con 
tacts 9°and 12º, respectively of plug8". The 
electrodesare spaced fromeach otherand 
“from the heating element Hby the bead E". 

The bead, electrodes and heatingelement 
may conveniently be assembled byclamping 
the two electrodes inspaced relation, apply 
ing heat to restricted portions thereof, dip 
ping the heated portions of the electrodes 
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into a powdered thermo-sensitive substance - 
so that a small portion of the substance ad 
heres to the electrodes, and repeating the 
process until a suficient quantity of the 
thermo-sensitive substancehas adhered to the 
electrodes to form a bead in which they are 
embedded. The heatingelement Hmay be 
passed through this bead while the latter is 
stil hot. Asa modification of this process, 
the two electrodes and the heating element 
may all be clamped in proper spaced relation 

the bead applied theretoas before. Still 
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ture for any particular application may be 
used anditmay or may not be enclosed and 
may or may not be provided with fixed ter 
minals. Also the degree to which the tem 
perature of the thermo-sensitive substanceis 
to be raised and lowered depends upon the 
nature of the substance selected, the change 
of resistance desired in the secondary circuit 
or circuits controlled thereby and in some 
cases upon the current which is to flow there 
through. 
Wie I have shown only a single circuit 

controlled by one thermo-sensitive unit, it will be readily seenthat more than one may. 
be controlled andalso that a single heating 
element may act upon more than omethermo 
sensitive device. – 
Also while I have shown two batteriesin 

Fig. 1 it will be understood that in many cases a singlebattery may be employed andingen 
eral the circuits may be varied to suit condi 
tions without departing from my invention. 
While in general the device will, as stated, 

be soproportioned thatunder no circmstances 
of itsuse canthe secondary current continue 
the heating of the thermo-sensitive substance 
to the operative temperature it mayat times 
be desirable to construct devices so that the 
conductive condition once established will 
continue until the circuit is interrupted. I 
therefore do not limit myself in this regard. 
Although I have herein shown and de 

scribed only certain forms of apparatus em 
bodyingmy invention, it isunderstood that 
various changes and modifications may be 
made therein within the scope of the append 
edclaims without departing from the spirit 
and scope of my invention. 
Having thus described my invention, what 

Iclaim is: - 

1. Athermo-sensitive device comprising 
thermo-sensitive substance, and two helical 
conductors embedded in said substance with 
the turns of one conductor alternating with 
the turns of the otherbutspaced by the ther 
mo-sensitive substance, anda heatingelement 
intertwined with said conductors. 

2. Athermosensitive device comprising 
two helical conductors arranged so that the 
turns of one alternate with the turns of the 
other, a coating of thermo-sensitive substance 
on each conductor, anda heatingelementin 
tertwined with said conductors. Intestimony whereof I afiix mysignature. 

LARS O. GRONDAHL. 


