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9 Cains. 
Our invention relates to improvements in re 

sistance bodies made from semi-conductive sub 
stances. 

Resistances which have negative temperature 
coefficients and high resistance values at ordi 
nary temperature are in extended use in the 
art. In such resistances the fall of the voltage 
connected with an increase of the current at first 
rises to a certain point, thereafter it remains 
constant or substantially constant upon a fur 
ther increase of the current, and finally it rises again. 
The object of the improvements is to produce a 

resistance of this type in which the fall of the 
voltage is again reduced after a certain current 
has been attained, and with this object in view 
our invention consists in varying the temperature 
conditions of the resistance in the manner to be 

For the purpose of explaining the invention 
Several examples embodying the same have been 
shown in the accompanying drawing in which 
the same reference characters have been used 
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E. indicate corresponding parts. In said draw 
3, 
Fig. 1 shows a diagram showing the voltage 

drop across a known resistance as a function of 
the current intensity, t 

Fig. 2 is a similar diagram showing the voltage 
drop across our improved resistances, 

Fig. 3 is an elevation showing our improved 
resistance body and its mounting, 

Figs. 4 to 9 are perspective views showing modi 
fications of the resistance body, 

Fig. 10 is a similar perspective view partly in 
section showing another modification of the re 
sistance body and its mounting, 

Figs. 11 and 12 are perspective views showing 
further modifications of the resistance body and 

curve A'-B' (Fig. 2) is, other conditions being its mounting, 
Figs. 13 and 14 are sectional elevations showing 

other modifications of the resistance body and its mounting, 
Fig. 15 is an elevation showing another modi 

fication of the resistance body, 
Figs. 16 and 17 are sectional elevations showing 

other modifications of the resistance body, and - 
Fig. 18 is a diagram showing an audion circuit 

of an amplifier system having our improved re 
sistance mounted therein. 
AS appears from Fig. 1, the voltage drop across 

a resistance having a negative temperature co 
efficient caused by a gradual increase of the 
current intensity at first rises up to a point A, 

(Cl. 201-76) 
thereafter it remains constant or substantially 
constant to the point B, and thereafter it rises again. 
We have found that in resistance bodies hav 

ing a resistance value at ordinary temperature 
of more than 1 ohm in a conductor of a CrOSS 
section of 1 cm, and a length of 1 cm., the tem 
perature conditions of the resistance body may 
be made so that the voltage drop across the re 
sistance between the points A and B of the 
said diagram may be changed so that the voltage 
drop is reduced from the point A to B upon 
an increase of the current intensity. In Fig. 2 
we have shown the diagram showing the volt 
age drop across our improved resistances as 
a function of the current. Preferably this re 
duction of the voltage drop is obtained by produc 
ing a fall of temperature longitudinally of the 
resistance body and in the direction of the cur 
rent. To produce such a fall of temperature the 
resistance body may be made with varying cross 
section, or it may be cooled or heated along its 
length in a different way. 
Our improved resistances the voltage drop 

across which follows a falling curve may be 
manufactured from semi-conductive substances 
having an electrolytic conductivity of less than 
.1% of its total conductivity. For example, 
among the metal oxides the oxides of Cu, Ag, 
Zn, Hg, Ti, Si, Ti, Zr, Hf, Th, V, Nb, Ta, Bi, 
Cr, Mo, W, U, Mn, Re, Fe, Co, Ni, and among 
the sulfides, selenides and tellurides those of the 
Ag, Zn, Cd, Hg, T1, Sn, Bi, Cr, U, Mn, are suit 
able. Among the aforesaid substances the ura 
nium oxides, and particularly the uranium di 
oxide UO2, are preferable, because their elec 
trical properties are constant during a long time 
of use, and because their specific resistances have 
favourable values. The slope of the negative 
the same, the larger, the larger the specific re 
sistance of the semi-conductive body is, and the 
specific resistance of the same semi-conductive 
substance depends on a very slight difference of 
the metalloid content from the stoichiometric 
composition, and therefore the metalloid content 
is preferably made such that the specific resist 
ance is as high as possible. 
The falling curve A-B depends on the re 

sistance of the semi-conductive substance at or 
dinary temperature, and with very high specific 
resistances it. is not possible without additional 
heating to operate the resistance on the falling 
part of the curve A'-B', and therefore it is pre 
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2 
ferred to select a median resistance value. 
Therefore, among the semi-conductive substances, 
having higher specific resistances, those are par 
ticularly suitable the specific resistances of which 
are from 10 to 10 ohms in a conductor having a 
Cross-section of 1 cm. and a length of 1 cm. 
Within these limits are particularly cobalt ox 
ide and nickel oxide. The resistance values of 
the said substances largely depend on the oxygen 
content. Good values are obtained by the follow 
ing method: 
The ground material from which the resist 

ance is made or the body made therefrom either 
with or without a binding medium is heated in 
vacuo in a reducing gas or in a flowing gas 
which does not chemically act on the substance. 
By such heating the material or the body gives 
of oxygen, so that its oxygen content is less 
than the content corresponding to the formulas 
Co2O3 and Ni2O3. Preferably the oxygen content 
should be reduced so far that it is as near as pos 
sible to the oxygen content of the oxides Coo 
and NiO. The resistance bodies are provided 
with terminals by fusing metal powder thereon, 
and the body is confined within a glass recep 
tacle for preventing absorption of oxygen in the 
operation, or other expedients are used for pre 
venting absorption of oxygen. Where the re 
sistance is confined in a receptacle the said re 
ceptacle may be free of air or filled with a re 
ducing or inert gas. 
According to the desired use the resistance 

bodies may take the form of rods, pipes, disks and 
the like, and the leads must be connected there 
to at least at one of the terminals so as to 
insure cooling by their conductivity. In Figs. 3 
to 17 we have shown several examples of con 
structing the resistance bodies and their mount 
ings. 

In the construction shown in Fig. 3 the resist 
ance body takes the form of a rod which is 
mounted at both ends in very strong support 
ing members or leads 2 and 3 of high conductivity 
for heat. Preferably the said supporting mem 
bers are made from a metal of high heat con 
ductivity and low specific heat, such for ex 
ample as copper or tungsten. By the said sup 
porting members the resistance body is effec 
tively cooled at its ends, while the loss of heat 
at the middle is small. Thus in a simple way 
a strong fall of temperature is produced. 

In Fig. 4 we have shown a modification in 
which the resistance body is provided at both 
ends with cooling ribs 4 and 5. As is shown the 
Supporting members or leads 20 and 2 consist 
of wires of circular cross-section which are not 
shaped with a view of increasing the cooling 
effect. But we wish it to be understood that we 
do not limit ourselves to this feature, and that 
also the leads 20 and 2 may be constructed 
with a view of increasing the cooling effect, as 
has been described with reference to Fig. 3. 
This modification has been illustrated in Fig. 5 
in which the said leads have received the refer 
ence characters 22 and 23. 

In Fig. 6 we have shown a modification in 
which the fall of temperature is produced by 
providing means for preventing the loss of heat 
in the median part of the resistance body . 
The construction of the said resistance body 
and its mounting is the same as has been de 
scribed with reference to Fig. 3, and the same 
letters of reference have been used to indicate 
corresponding parts. In addition a screen 6 is 
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provided around the median part of the rod . 
It will be understood that for further increas 
ing the cooling effect at the ends of the resist 
ance body cooling ribs such as have been shown 
in Figs, 4 and 5 may be provided in the construc 
tion shown in Fig. 6. Further, the cooling ef 
fect of the said ribs may be increased by in 
parting thereto a rough surface or blackening 
the same. 

In the modification shown in Flg. 7 the fall 
of temperature is produced by providing the 
median part of the rod with a coating 7 of 
insulating or low radiation property. The sald 
coating 7 may be used in combination with a 
screen such as 6, with conductive supporting 
members such as 2, 3, or with cooling ribs. Such 
as 4. As is shown in Fig. 7 the insulating coat 
ing T is reduced in thickness towards its ends 
so that its effect is reduced towards the ends 
of the rod . In some cases an abrupt varia 
tion of the thickness of the coating may be 
preferable. 

Fig. 8 shows a resistance rod which is equipped 
with a perforated screen 8 adapted to prevent 
radiation, the perforations of the said Screen 
being increased in area towards the ends, so 
that a gradual fall of temperature from the 
median part of the resistance body towards the 
ends thereof is obtained. In the constructions 
so far described the temperature falls of from 
the middle of the rod towards both ends. In 
many cases it will be preferable to keep the re 
sistance body at elevated temperature at one end 
and to cool the same only at the Opposite end. 
In Fig. 9 we have shown this modification. The 
resistance body is supported at one end by a 
supporting member 2 of high conductivity, and 
at its opposite end a thin lead 9 is provided which 
may be wound into a coil. It will be understood 
that the cooling effect of the supporting mem 
ber 2 may be further increased in the manner 
described above. Further, the temperature of 
the bottom end of the rod may be maintained 
high by providing an insulating coating. 
In Fig. 10 we have shown a modification which 

is similar in principle to the modification shown 
in Fig. 9, and in which in addition a screen 0 
is provided around the hot end of the resistance 
body for counteracting radiation. The said 
screen is perforated and the perforations there 
of are enlarged in area from the outer or top 
end of the device towards the middle of the rod 
, which results in a gradual fall of tempera 

ture. 
In Fig. 11 we have shown another modifica 

tion in which the resistance body takes the form 
of a flat disk if through which the current flows 
in radial direction. Thereby the current inten 
sity is high at the middle of the disk, and the 
radiation of this part of the surface is small. 
Further, the outer lead 2 has high conductivity 
for heat, and therefore a very strong fall of 
temperature is obtained. The second lead or 

character 3. 
In the modification shown in Fig. 12 the re 

sistance disk f f is connected at its center with 
the lead 3' through a thin coiled wire 4, and 
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supporting member has received the reference 65 

the lead f2' is connected with a cylinder 5 of 70 
high conductivity having the disk mounted 
therein. 
The construction shown in Fig. 13 is similar to 

the one illustrated in Fig. 12, but in addition a 
protective coating 6 is provided at the middle is 
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of the disk f which reduces the loss of heat by 
radiation. As is shown in Fig. 13, the coating 

is reduced in thickness from its middle to 
wards the margin of the disk if. But we wish 
it to be understood that we do not limit our 
selves to this feature, and that in some cases the 
coating 6 is enlarged in thickness from the 
center of the disk towards the nargin thereof. 

In the modification shown in Fig. 14 the re 
sistance body 24 takes the form of a pipe Con 
nected internally and externally with leads 25 
and 26. In Figs. 15 to 17 the resistance bodies 
27, 28, 29 are constructed so that the density of 
the current varies longitudinally of the resist 
ance in a way similar to the distribution of the 
current in the constructions shown in Figs, 1 to 
3. Fig. 15 shows a resistance body which is 
composed of cylindrical disks of different diam 
eters. The said resistance body is particularly 
suitable for high currents. The current density 
may be uniformly distributed in the resistance 
disk by providing metallic coatings on the bound 
ing faces of the bodies as is indicated at 30, the 
said coatings being applied by fusing. Fig. 16 
shows an integral resistance body 28 which is 
similar in function to the resistance body shown 
in Fig. 15. But the resistance body is gradually 
increased in diameter from the middle towards 
its ends. In Fig. 17 we have shown another 
modification in which the resistance of the elon 
gated body 29 is gradually increased from one 
end to the other. We Wish it to be understood 
that the different expedients described for clear 
ness sake with reference to specific examples 
may be combined in different ways in the same 
resistance, with the result that the effect is in 
creased or otherwise varied. Further, the de 
tails of construction may be varied in different 
Ways. For example, in lieu of the coiled wires 
shown in Figs. 9 and 10 double coiled wires may 
be provided. In the modification shown in Fig. 
8 a screen 8 may be provided which has no per 
forations at its middle. The leads connected 
with the hot ends of the resistance body may be 
made such that they remove a portion of the heat 
by conductivity. Further, the function of the 
resistance body may be varied by confining the 
Same in a container having a filling of a suitable 
gas. For example, where an increase of the 
cooling effect is desired, the said container may 
be filled with hydrogen, and where a reduction 
of the cooling effect is desired, the container may 
be filled with argon." With the device shown in 
Fig. 10 disposed vertically and within a con 
tainer having a filling of a suitable gas, the cur 
rent of the hot gas or the hot air improves the 
fall of temperature. In connection with large 
resistance bodies cooling by compressed air, 
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water or oil may be provided at one or both ends 
of the resistance body, and further additional 
heating means may be provided. 

Resistances having negative temperature co 
efficients are frequently connected in shunt with 
the current consumers to which the current must 
be supplied at constant voltage though the volt 
age of the net may be variable. Of course these 
resistances may also be connected in series with 
the current consumer, when the voltage of the 
net is constant or substantially constant, and 
the current consumer causes variation of the 
current. As an example we refer to the use of 
the resistances in the well known audion circuit 
of intensifying Systems, such as are shown in 
Fig. 18. In the audion circuit the charge of the 

3. 

an ode is subject to frequent variation, &c tie 
voltage applied to the anode is constant or sale 
stantially constant. By providing a resistsRace 

of the type referred to above the voltage c. 
the anode is reduced, and it remains constant 
notwithstanding the variation of the charge of 
the anode. Another advantage of the resistances 
used in the said circuit consists in that the tun 
ing of the turning circuit may be mechanica:y 
connected with back-coupling. Thus in appara 
tuses of low cost operation by means of a singie 
handle is obtained. Also in amplifier circuits 
in which an unvariable biasing potential of the 
grid is desired, our improved resistance mey be 
used alone or in connection with another ohmic 
resistance in the anode circuit. 

In the audion circuit shown in the figure the 
resistance having the decreasing branch A'-s' 
pernits compensation of fading and automatic 
regulation of the intensity of the sound. So 
example, if with a normal free frequency ami 
tude the working point is located on the faiSigg 
portion of the curve A'-B', and if the ance 
current rises by fading, the working point is 
shifted towards the point B'. The system is 
operated with unvariable or substantially un 
variable voitage, and therefore the anode go 
tential applied to the tube rises. This results 
in an increase of back-coupling. Therefore 
when the high frequency energy falls off a high 
degree of back-coupling and thereby a higher 
amplification is obtained. 
We claim: 
1. A resistance body composed of a semi-con 

ductive metal compound having an electrolytic 
conductivity of less than 1% of its total conduc 
tivity, and having a resistance of more than 1 
ohn in a body having a cross section of 1 cm.2 
and a length of 1 cm. at ordinary temperature, 
means for controlling the temperature distri 
bution in the body so that the value of the re 
sistance of the body is reduced more than in 

, Versely proportional to the current increase and 
the body has a fall in temperature in the direc 
tion of current. 

2. A resistance body as claimed in claim 1, in 
which the Semi-conductive compound has a re 
sistance from 10 to 10 ohms in a conductor 
having a cross section of 1 cm. and a length of 
1 cm., the compound of which the resistance 
body is composed being a cobalt oxide the oxy 
gen content of which is smaller than that of the 
Saturated oxide and nearly equal to the unsatu 
rated oxide. 

3. A resistance body as claimed in claim 1, in 
which the Semi-conductive compound has a re 
sistance from 0 to 106 ohms in a conductor 
having a cross section of 1 cm. and a length of 
1 cm., the compound of which the resistance 
body is composed being a nickel oxide the oxy 
gen content of which is smaller than that of 
the Saturated oxide and nearly equal to the un 
Saturated oxide. ". 

4. A resistance body as claimed in claim 1, 
and having leads one of which is formed as a 
helix. 

5. A resistance body as claimed in claim 1, 
and having a lead of high heat conductivity and 
low Specific heat connected with the resistance body. 

6. A resistance body as claimed in claim 1, 
and having a terminal provided with cooling 
ribs. 

7. A resistance body as claimed in claim 1, 
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and having a terminal provided with blackened 
cooling ribs. 

8. A resistance body as claimed in claim 1, 
and having a screen covering a part of the re 

is sistance body. 
9. A resistance body as claimed in claim 1, in 

which the resistance body has the form of a disk 

having a terminal connected thereto at its mid 
dle and another terminal connected thereto at 
its circumference, the circumferential terminal 
having a large portion of its surface connected 
with the said circumference. 

WLFRED MEYER. 
ERWIN WEISE. . 


