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The present invention relates to arrangements
for stabilising the current in electrical cirecuits,
and in particular employs thermally sensitive de-
vices known as thermistors.

Thermistors have been in use for some years
and are characterized by a temperature coeflicient
of resistance which may be either positive or neg-
ative and which is moreover many times the cor-
responding coefficient for a pure metal such as
copper. This property renders thermistors par-
ticularly suitable for a variety of special applica-
tions in electric circuits.

Various different materials are available for
the resistance element of a thermistor, these vari-
ous madterials having different properties in other
respects; as one example, a resistance material
having a high negative temperature coefficient of
resistance comprises a mixture of manganese
oxide and nickel oxide, with or without the addi-
tion of certain other metallic oxides, the mixture
being suitably heat treated.

Thermistors have been employed in two differ-
ent forms: (a) known as a directly heated ther-
mistor and comprising & resistance element of
the thermally sensitive resistance material pro-
vided with suitable lead-out conductors or ter-
minals, and (b) known as an indirectly heated
thermistor comprising the element (a) provided
in addition with a heating coil electrically in-
sulated from the element. A directly heated
thermistor is primarily intended to be controlled
by the current which flows through it and which
varies the temperature and also the resistance
accordingly. Such a thermistor will also be af-
fected by the temperature of its surroundings and
may therefore be used for thermostatic control
and like purposes with or without direct heating
by the current flowing through it. An indirectly
heated thermistor is chiefly designed to be heated
by a controlling current which flows through the
heating coll and which will usually, but not neces-
sarily, be different from the current which flows
through the resistance element, but this type of
thermistor may also be subjected to either or both
of the types of control applicable to a directly
heated thermistor.

- More detailed information on the properties of
thermistors will be found in an article by G. L.
Pearson in the Bell Laboratories’ Record, Decem-
ber 1840, page 106.

The present invention employs two indirectly
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heated thermistors for the purpose of supplying -

a constant current to a load which may be vari-
able from a source of voltage which may also be
variable.

171—229)

According to the invention, there is provided a
circuit arrangement for supplying a constant cur-
rent to a load from a source of voltage, either or
both of which may be variable, comprising a first
indirectly heated thermistor and a second indi-
rectly heated thermistor, the resistance element
of the first thermistor being connected to the
variable source in series with the heating coil of
the second thermistor, the heating coil of the first
thermistor and the resistance element of the sec-
ond thermistor being supplied with current from
a local source of electromotive force.

The invention will be more clearly understood
by reference to the detailed description which fol-
lows, and to the accompanying drawing which
shows schematic circuit diagrams of arrange-
ments according to the invention.

In the drawing:

Fig. 1 is a schematic circuit diagram illustrat-
ing the invention in a preferred form.

Pig. 2 is a modification thereof.

The diagram of Fig. 1 shows two indirectly
heated thermistors Ti and Tz, which have a nega-
tive temperature coefficient of resistance. The
resistance element Ri1 of Th is connected in series
with the heating coil r2 of T2 and with a load L to
two terminals | and 2, across which there exists a
difference of potential V which may be continuous
or alternating. The heating coil r1 of T: and the
resistance element Rz of T2 are connected in
parallel to a local direct current or alternating
current source S having an adjustable constant
resistance Ra connected in series therewith. The
source S should preferably supply a substantially
constant voltage.

It is assumed that the resistances r1 and rz of
the heating coils are approximately constant.
Suppose that it is required to produce a constant
current I in the load L irrespective of the varia-
tions of V or of the load L. The resistance Ri
will depend partly on the current I and partly on
the current Ii flowing through ri. The latter
depends on R3 and Rz (assuming the source S has
a constant voltage). Now suppose that the volt-
age V increases, or the load resistance decreases,
or both. The current I will momentarily in-
crease, and this will raise the temperature of Tz
which reduces Ra. This will in turn reduce the
current I: through r1 and the temperature of T:
raising the value of the resistance Ri. The in-
crease in I will also tend to raise the temperature
of T1 thus lowering Ri1. By adjusting Ra it is pos-
sible to arrange so that the net effect is to lower
the temperature of T: thus raising its resistance
by the amount required to compensate for the
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change in V and/or L, so that the current I is
brought back to the original value.

Similarly, when the voltage V decreases, or the
load resistance increases, or both, the reverse
process takes place, and the momentary decrease
of I is very quickly corrected. To obtain the best
results, Rz should be smaller than r1 and Rs should

-be large compared with Ra.

If thermistors having positive temperature co-
efficients are employed, the circuit shown in the
figure will be seen to operate also in the desired
manner. For when the current I tends to in-
crease, the temperature of T2 is raised as before,
but Rz now increases thereby increasing the cur-
rent Ii. This raises the temperature of T: which
increases Ri as desired, to restore I to its orlg-
inal value.

If one thermistor has a positive temperature
coefficient and one has a negafive temperature
coeflicient the desired operation is obtained by a
simple modification of the circuit as shown in
Fig. 2. In this modification, 1 and Rz are con-
nected in series with Ra and S instead of in par-
allel. If Ti, for example, has a negative tempera-
ture coefficient, it is clear that if I should increase,
the rise in temperature of Tz will cause T: to cool
so that the resistance R increases as desired. If
T2 has the negative coefficient the reverse process
occurs, again increasing Ri. Adjustment of R3
ensables the necessary amount of compensation to
be obtained in either case.

By suitable design of the thermistors it can be
arranged so that the heating effect of the cur-
rent which passes through the resistance element
is negligible, in which case only the effect pro-
duced by the heating coils need be taken into ac-
count. It is to be noted however that when T:

has a positive temperature coefficient, the heating
by the current I will aid the desired compensat-
ing effect, while when it has a negative tempera~
ture coeflicient, as already explained, it will op-
pose the desired effect.
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The source S may be any power source which
may conveniently be available, and if necessary
any suitable means for obtaining a convenient
voltage therefrom may be supplied.

‘What is claimed is:

1. A circuit arrangement for supplying a con-
stant current to a load from a source of voltage,
either or both of which may be variable, compris-
ing & first indirectly heated thermistor and a sec-
ond indirectly heated thermistor, the resistance
eiement of the first thermistor being connected to

. the variable source in series with the heating coil
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of the second thermistor, the heating coil of the
first thermistor and the resistance element of the
second thermistor being supplied with current
from a local source of electromotive force.

2. A circuit arrangement according to claim 1
in which both thermistors have a temperature
coefficient of resistance of the same sign, the heat-
ing coil of the first thermistor and the resistance
element of the second thermistor being connected
in parailel.

3. A circuit arrangement according to claim 1
in which the thermistors have temperature co-
efficients of resistance of opposite sign, the heat-
ing coil of the first thermistor and the resistance
element of the second thermlstor being connected
in series.

4. A circuit arrangement according to claim 1
in which the thermistors both have negative tem-
perature coefficients of resistance.

5. A circuit arrangement according to claim 1
in which the first thermistor has a positive tem-
perature cofficient of resistance.

6. A circuit arrangement according to claim 1
in which an adjustable constant resistance is con-
nected in series with the local source of electro-
motlve force.
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