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This invention relates to the control oi.’ elec 

trical current ?owing in a circuit which includes 
a metallic electrical conductor of the ?rst class, 
that is to say, a conductor formed of a metal or 
alloy characterized by relatively high electrical 
conductivity, and which has, according to the 
accepted classi?cation, a positive temperature co 
eilicient, so that an increase in the temperature 
of the conductor always reduces its current 
carrying capacity under normal conditions. 
The invention relates especially to a circuit in 

which a length of such a conductor of the first 
class, in wire or ?lament form, is con?ned in an 
envelope with the space between the conductor 
and envelope occupied by a confined gaseous at 
mosphere; and, more particularly, the invention 
relates to means for varying the current through 
a conductor so con?ned, by control oi.’ variations 
in the thermal conductivity of the aforesaid gas 

are induced _._ eous atmosphere, which variations 
by changes in the ambient atmosphere and prop 
agated through the envelope to the con?ned gas 
eous atmosphere. 
An object of the invention is to provide a con 

trollable means for amplifying the normal e?ect 
of ambient temperature on the current-carrying 
capacity of such a conductor, so that itzthe nor-, 
mal effect of an increase in ambient temperature 
is to reduce the current-carrying capacity of the 
conductor, one object is to produce in the con 
ductor, upon a given increase in ambient tem 
perature, whether natural or stimulated, a reduc 
tion in current-carrying capacity which is sev 
eral times greater than has been predictable 
prior to the present invention. 
An important advantage of such an increase in 

resistance and consequent decrease in current 
carrying capacity will be ‘readily apparent to 
those skilled in the art when it is realized that 
the aforesaid increase in resistance increases 
greatly the sensitivity to changes ‘in ambient tem 
perature of any circuit in which the improved 
device of the present invention may be included; 

- for example, a circuit provided with instruments 
for measuring or indicating changes in ambient 
temperature, one such application being to cir 
cuits with instruments for supplying visible in 
dications of changes in ambient temperature at 
fecting the conditions under which aeroplane en 
gines operate, especially during changes in al 
titude. 
Furthermore, it is well known that the current 

carrying capacity 01' a few alloys is, for all prac 
tical purposes, independent or the ambient tem 
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perature. Another class of substances, compris- 55 

ing semi-conductors and insulators, has a veryi 
poor current-carrying capacity. However, these 1 
conductors of the second class have a negative 
temperature coe?lcient of resistance, which 
means that their current-carrying capacity, small 
though it is, increases as the ambient tempera 
ture is increased. 
Those skilled in the art will recognize without ‘ 

further elucidation that in all sorts of electrical 
circuits in which it is desirable to compensate, 
or neutralize, the positive coei?cient of resistance 
of some essential part of the circuit, it would be 
of great advantage if a conductor of the ?rst 
class could be endowed reliably with the ability ' 
to behave like a conductor of the second class in 
the important respect that it will exhibit a nega 
tive temperature coe?icient of resistance. 

Accordingly, it is another object of the present 
invention to provide for so constructing and ar 
ranging a device of the class described, embody 
ing a conductor of the ?rst class, having normal 
ly a positive temperature coe?icient of resistance, 
that an increase in ambient temperature will pro 
duce in the conductor a predictable and measur 
able decrease in resistance. 

Ancillary to the last-named object, the follow 
ing objects are among those realized by the 
present invention, viz., 

(1) To provide a novel means of reversing the 
normal effect of an increase in ambient tem 
perature on the current-carrying capacity of 
such a conductor, so that, if the normal e?ect of 
an increase in ambient temperature is to re 
duce the current-carrying capacity of the con 
ductor, per contra, the e?ect will be to produce 
a desirable increase in current-carrying capacity. 

(2) To provide for accomplishing the desired 
changes in current-carrying capacity of such a 
conductor of the ?rst class con?ned in an en 
velope containing a gaseous atmosphere sur 
rounding the conductor, by means adapted to 
eifect controlled changes in the thermal con 
ductivity of the gaseous atmosphere, by chang 
ing the concentration of molecules in the space 
surrounding the conductor, and thus to condi 
tion the conductor suitably for the above recited 
purposes: . 

(a) By imparting to the conductor an excep 
tionally large positive temperature coe?icient of 
resistance, much greaterthan normal; and, al 
ternatively, ‘ 

(b) By decreasing the resistance of the wire, 
and thereby to increase the current-capacity 
thereof. ~ 

Other objects and features of the invention will 
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become apparent to those skilled in the art, as 
the description of the illustrated embodiment 
progresses. 
In the accompanying drawing, 
Fig. 1 is a view in longitudinal sectional eleva 

tion 01 an electrical resistance device in the con 
struction of which the instant invention has 
been embodied; 

Fig. 2 is a similar view or" a modi?cation of the 
device shown in Fig. 1; 

Fig. 3 is a similar view showing another modi 
fication; and 

Fig. 4 is a similar view showing still another 
modi?cation. 
Referring now to the drawing in detail, the 

reference character 5 designates in general a de 
vice which may be of the well known form 
exemplified by so-called “ballast tubes,” incan 
descent lamps, or other suitable appliances, em 
bodying an envelope or tube 5, preferably made 
oi! glass or metal and con?ning a conductor ‘5 
of the ?rst class as hereinbefore de?ned, taking 
the form preferably of a wire or ?lament sup 
ported at each end by heavy ‘metal leads 8 which 
are sealed suitably into the end walls of the en 
velope 6, the space 9 within the latter and sur 
rounding the conductor 1 being occupied by a 
gaseous atmosphere ID, the molecules H of which 
are conventionally indicated by stippling, without 
special regard to accuracy in proportions, the size 
of the molecules being exaggerated, while their 
number is, or course, of a much reduced order 
for the sake of convenience in drafting. 

If now the conductor I be energized by the 
imposition on its terminals of a potential of suit 
able voltage, such as the usual commercial po 
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tential, the conductor will be heated and its tem 
perature will rise above that of the surround 
ings. It will thereupon lose heat, principally by 
conduction, through the gaseous atmosphere Ill 
to the walls of the envelope 6, and thence to the 
surroundings. 

If the temperature of the envelope 6 be regarded 
as the same as that of the ambient temperature, 
or only slightly above it, and always proportional 
thereto, it has been shown theoretically that the 
difference between the temperature of the wire 1 
and the temperature of the wall of the envelope 
or tube 6 may be expressed accurately by the sub 
joined known equation “A,” 

in which Tw is the temperature of the wire (con 
ductor), T: is the temperature of the tube (en 
velope), I is the current through the conductor, 
R the resistance of the conductor, J is the me 
chanical equivalent of heat, and K is a constant, 
while S is the thermal conductivity of the gaseous 
atmosphere l0 surrounding the conductor ‘I. 

Analysis of equation “A” shows that, if the 
power (12R) dissipated in the conductor ‘I re 
mains constant, the difference between the tem 
perature of the conductor ‘I and that or the en 
velope i will vary with the thermal conductivity 
S of the gaseous atmosphere In, and by keeping 
the temperature T: of the envelope 6 constant, 
if the thermal conductivity S of the gaseous at 
mosphere I0 is decreased, the temperature Tw' of 
the conductor ‘I will increase; while an increase in 
the thermal conductivity S of the gaseous at 
mosphere ID, on the other hand, will lower the 
temperature Tw of the conductor ‘I. Since the 
conductor ‘I is of the ?rst class and has a posi 
tive temperature coefficient of resistance, its re 
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sistance will increase when the thermal conduc 
tivity S of the gaseous atmosphere I0 is de 
creased; and, for the same reason, the resistance 
or the conductor ‘I will decrease when the ther 
mal conductivity S of the atmosphere I0 is in 
creased. 
The temperature Tr of the envelope 6 will, of 

course, vary in direct proportion to changes in the 
ambient temperature, and the effect of an increase 
in ambient temperature will be to decrease 
slightly, or not affect at all, the temperature Tw 
of the conductor ‘I, and the resistance of the 
conductor ‘I. 
This decrease in resistance of the conductor 1, 

accompanying an increase in ambient tempera 
ture, is not what would be expected normally 
from the positive temperature coeilicient of re 
sistance of the conductor, and the greater de 
crease is due to the increase in thermal con 
ductivity S of the gaseous atmosphere ID as the 
ambient temperature is increased, thereby acting 
to keep the temperature Tw of the conductor I 
practically constant as the temperature Tr of the 
envelope increases. It is to be noted that, accord 
ing to the equation “A,” the product of 

is practically constant. 
The properties and behavior toward changes 

in ambient temperature of a conductor enclosed 
in a gaseous atmosphere are well known, but have 
been discussed above in order to clarify the man 
ner by which the procedure of the instant in 
vention has been evolved in the novel develop 
ment of principles known in the art. 
From equation “A” it can be seen that the 

thermal conductivity S of the gaseous atmosphere 
In plays a very important role in governing the 
temperature Tw of the conductor, as the tem 
perature of the envelope 6 varies with the ambient 
temperature; and it will be realired by those 
skilled in the art that by the provision, accord 
ing to the instant invention, for causing the ther 
mal conductivity S of the gaseous atmosphere to 
increase rapidly, and alternatively to decrease, 
in a reliable and predictable manner, a useful 
and notable advance in the art has been achieved. 
The manner in which provision has been made for 
such control will now be disclosed fully. 
Taking ?rst the problem of producing by an 

increase in ambient temperature a decrease in 
the thermal conductivity S of the gaseous at 
mosphere III, instead of the normal increase in 
S produced by the positive temperature coe?i 
cient of thermal conductivity of the said atmos 
phere 10, this result can be obtained byemploy 
ing the device shown in Fig. 2, which is prefer 
ably exactly the same in general structure as 
that shown in Fig. 1, and like parts in each are 
accordingly identi?ed by identical reference 
characters; but the envelope 6 in Fig. 2 contains 
also a. volatile liquid H, the vapor molecules l3 
of which will mix with the molecules ll of the 
gas already present in the atmosphere I0. 

It is clear that, owing to the increase in vapor 
pressure of the liquid as the ambient tempera 
ture increases, the concentration of vapor 
molecules l3 in the atmosphere ill will increase, 
and the thermal conductivity S of the atmosphere 
II) can be made to increase or decreasawith an 
increase in ambient temperature merely by 
changing the nature and density of the atmos 
phere l0. ' ‘ 

It the thermal conductivity S of the gas-vapor 
mixture l0—|3 decreases as the concentration 
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by an" 
increase in ambient temperature, it will be seen . 
of the vapor in the mixtureis increased 

from equation “A” that the di?erence between 
the temperature Tw of the conductor 1 and that 
temperature T1; of the envelope 6 (or the ambient 
temperature) increases.v [This means that the 
temperature Tw of the conductor 1 increases 
faster than the ambient temperature, and the 
conductor exhibits an exceptionally large positive 
temperature coei?cient of resistance, much great 
er than normal. ‘ . “ 

A suitable mixture for the above purpose com 
prises hydrogen at a pressure of approximately 
10 mm. of mercury, the liquid [2 being any vola 
tile liquid, such as water, alcohol, acetone, etc. 
As an example of the results obtained with such 
an envelope, I containing hydrogen and using 
water as the liquid, I found by actual measure-‘ 
ment that when the conductor ‘I was made of 
nickel wire/having a diameter'of .001”, and car 
ried a current of 175 milliameters, the ambient 
temperature being 0° C., the resistance of the 
wire was 20.6 ohms. . 

At an ambient temperature of 295° C. the re 
sistance of the wire when carrying only 152 milli 
amperes was 30.5 ohms. 
This increase in resistance is exceptionally 

large for'an increase in ambient temperature of 
only 29.5° C. In fact, for nickel, with a temper 
ature coe?'icient of .005 ohm -1°C.-1, the in 
crease should have been only 3 ohms. 

If to the fully evacuated envelope a volatile 
liquid l2 such as water is added, the following 
?gures are cited from actual measurements to 
show that ‘under these conditions the wire 1, 
again nickel of .001" diameter, exhibits a nega 
tive temperature coefficient, in accordance with 
the present invention, and contrary to previous 
experience of other workers in this ?eld. 
For example, when conducting a current of 

128 milliamperes, the wire had a resistance of 
44.6 ohms when the ambient temperature was 
0° C., but when the ambient temperature was 
increased to 28.5° C. and the wire was carrying 
134 milliamperes, its resistance was only 40.7 
ohms. 
Combinations of diiferent gases under varying 

pressures with a volatile liquid have been tried, 
the results obtained varying with the gas and 
liquid employed. Using gases varying in atomic 
weight from argon to mercury, it is possible to 
obtain a gaseous combination having positive or 
negative temperature coe?icients of thermal con 
ductivity of almost any desired degree, giving to 
a current-carrying conductor of the ?rst class 
mounted in such an atmosphere an increasing or 
decreasing current-carrying ' capacity as the 
ambient temperature is increased. 
For purposes of obtaining a negative coef?cient, 

a preferred embodiment of the present invention 
‘is that illustrated in Fig. 3, the general struc 
tural design of the device being the same as that 
shown in Fig. 1. There is also a small amount 
of volatile liquid [2 as shown in Fig. 2, but the 
atmosphere l4 surrounding the conductor 1 con 
sists in this instance entirely of the vapor mole 
cules [3 of the liquid l2. No ?xed gas is used, 
the envelope 6 being pumped as free of air as 
possible. i 

The effect of an increase in ambient tempera 
ture on the current-carrying capacity of the 
conductor 1 in the Fig, 3 device is to enable the 
conductor 1 to carry more current at the higher 
temperature. This is readily understood when 
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3 
it is realized that as the ambientvtemperature 
increases, the vapor pressure of the volatile 
liquid l2 increases, and a greater number of 
vapor molecules l3 pass from the liquid I2 to the 
atmosphere I4 surrounding the conductor 1. 

II the density of the vapor molecules l3 in the 
atmosphere I4 is kept below the point at which 
the thermal conductivity of the vapor molecules 
becomes independent of density, an, increase in 
ambient temperature will produce an increase 
in thermal conductivity of the atmosphere I4 by 
increasing the concentration of vapor molecules 
l3, and thereby enable the wire ‘I to carry more 
‘current at the higher temperature. Any volatile 
liquid can be used and liquids varying in vola 
tility from alcohols to mercury have given satis 
factory results when so used. 
A further modi?cation of the invention, hav 

ing as its purpose to provide an increase in the 
thermal conductivity of the atmosphere l5 ur 
rounding the conductor 1, is illustrated in Fig. 4, 
the general structural disposition of the en 
velope 6 and contained conductor 1 being pref 
erably as in Figs. 1 to 3. 
In this modi?cation the increase in the num 

ber of molecules in the gaseous atmosphere l5 as 
the ambient temperature increases is not pro 
duced by a volatile liquid, as in the devices of 
Fig. 2 and Fig. 3, but is caused by the effect of an 
increasing ambient temperature on the adsorp 
tion or occulsion of a gas or vapor. 

In the Fig. 4 device when the con?ned gas is 
hydrogen at a suitable pressure, a small quantity 
of activated material such as activated platinum, 
activated palladium, or a mixture of the two, or 
under favorable circumstances of nickel or cop 
per or other metal in production, is provided in 
the envelope as indicated at I6, and an increase 
in ambient temperature will cause the activated 
material to liberate occluded hydrogen into the 
atmosphere I5, thereby increasing its thermal 
conductivity and the current-carrying capacity 
of the conductor 7. 
In the Fig. 4 type of device the activated porous 

’ material I 6, whether metallic or non-metallic, 
may have adsorbed a gas or vapor, and as the am 
bient temperature increases, the porous material 
“5 will liberate gas or vapor into the atmosphere 
I 5, thereby increasing its thermal activity and 
the current-carrying capacity of the conductor 1. 
What is claimed: 
_.1. An electrical resistance device comprising 

a sealed envelope having a unitary chamber, an 
electrical conductor of the ?rst class con?ned 
within, said unitary chamber, the space between 
said conductor and the wall of said unitary 
chamber containing a gaseous atmosphere hav 
ing substantially a given concentration, and a 
material within said unitary chamber for varying 
to a prescribed extent the concentration of said 
gaseous atmosphere between the wall of said‘ 
unitary chamber and said conductor as changes 
in the ambient temperature are encountered dur 
ing operation of the device. 

2. An electrical resistance device comprising 
an electrical conductor of the ?rst class in wire 
form suitably mounted in a sealed envelope hav 
ing a unitary chamber, the space between the 
wire and the wall of said unitary chamber con 
taining molecules of a gaseous environment, and 
a material within said unitary chamber for vary 
ing the number of molecules of said gaseous en 
vironment in said space as variations in ambient 
temperature are encountered during operation of 
the device. 
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3. An electrical resistance device comprising 

an electrical conductor of the ?rst class suit 
ably mounted in a‘ sealed envelope having a 
unitary chamber, the space between said con 
ductor and the wall of said chamber containing 
vapor molecules 01' a volatile liquid, and a small 
quantity of the said liquid adhering to the walls 
of the envelope. . 

4. An electrical resistance device comprising 
an electrical conductor of the ?rst class in the 
form of a. wire suitably mounted in a sealed en 
veloped forming a unitary chamber, the space 
between the wire and the wall of the unitary 
chamber containing molecules of a ?xed gas, 
and vapor molecules of a volatile liquid, and a 
small quantity of said liquid adhering to the 
wall of said chamber. 

' 5. An electrical resistance device comprising 
an electrical conductor of the first class suitably 
mounted in a sealed envelope forming a. unitary 
chamber, the space between the conductor and 
the chamber of the tube containing molecules of 
hydrogen, and a quantity of activated palladium 
or platinum or a mixture of the two suitably 
positioned on the wall of the envelope. 

6. An electrical resistance device comprising 
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an electrical conductor of the ?rst class suitably . 
mounted in a sealed envelope forming a unitary 
chamber, the space between said conductor and 
the wall of the conductor containing molecules 
of hydrogen, and a quantity of activated material 
of the group including platinum, palladium, cop 
per and nickel, singly or in combination, suitably 
positioned in said chamber. 

7. An electrical resistance device comprising :: 
a sealed envelope forming a unitary chamber, an 
electrical conductor con?ned within said unitary 
chamber having a positive temperature coe?l 

2,882,892 
cient acting normally to decrease the current 
carrying capacity of the conductor in response 
to increase in the ambient temperature, the spac 
between said conductor and the wall of sai 
unitary chamber containing a gaseous atmos 
phere, and a material within said unitary cham 
ber to reverse said normal decrease in current 
carrying capacity of said conductor in response 
to increase in the ambient temperature and 
thereby to increase the current-carrying capacity 
of said conductor by increasing the thermal con 
ductivity of said gaseous atmosphere in response 
to said increase in ambient temperature. 

8. An electrical resistance device comprising 
a sealed envelope forming a unitary chamber, an 
electrical conductor confined within said unitary 
chamber having a positive temperature coe?l 
cient, the space between said conductor and the 
wall of said unitary chamber containing a 
gaseous atmosphere, and a material within said 
unitary chamber to change the thermal con 
ductivity of said atmosphere to cause the cur 
rent-carrying capacity of said conductor to be 
increased or decreased selectively in response to 
an increase in the ambient temperature. 

9. An electrical resistance device comprising a 
sealed envelope having a unitary chamber, an 
electrical conductor of the ?rst class confined 
within said unitary chamber, and a heat con 
ducting medium of a given volume in said unitary 
chamber and having a ?xed concentration of 
'molecules at a given temperature and operable 
to vary the concentration of its molecules within 
said unitary chamber in response to changes in 
ambient temperature to cause a variation in the 
current-carrying capacity of said conductor. 

CLARKE C. MINTER. 


