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ELECTRICAL-CURRENT MODIFICATION.

Application filed May 22, 1923. Serial No. 640,689,

Objects of this invention are to provide a
simple and effective method of rectifying
alternating currents or otherwise altering
the character of electrical currents and to
provide for the purpose apparatus which is
inexpensive to construct and reliable in use.
~ The invention involves the use of a re-
sistance element (or other impedance ele-
ment) which has a steep temperature co-
efficient of resistance curve, that is, whose
resistance changes rapidly in response to
temperature changes. The temperature co-

efficient of resistance may be either positive

or negative and preferably has both a posi-
tive and a negative range so that the co-
efficient may be changed from positive to
negative by a relatively slight change in
temperature. I have discovered that ger-
manium is preeminently adapted to the pur-
poses of the invention and I therefore claim
the unique applications of this element here-
inafter set forth.

In rectifying alternating current accord-
ing to the present invention the temperature

5 of the resistance element is varied in syn-

chronism with the alternating current so
that it offers greater resistance- to the pas-
sage of alternating current during the posi-
tive half-cycles than during the negative
half-cycles or vice versa. The temperature
of the element may be varied directly by
the alternating current or indirectly by an
auxiliary source of heat whose frequency of
application is synchronized with the alter-
nating current; and the temperature of the
element may be varied either by current
flowing therethvough or by radiation or con-
duction.

For the purpose of illustrating the prin-
ciples of the invention certain concrete em-
bodiments have been illustrated in the ac-
companying drawings in which :—

Tig. 1 is a diagram of one embodiment:

I'ig. 1* is a diagram indicating the char-
current in the em-
1;

bodiment shown in Fig.
of another embodi-

Fig. 2 is a diagram
ment;

Fig. 2 is a diagram illustrating the char-
acter of the current produced by the em-
bodiment shown in Fig. 2; ‘

Fig. 8 is a diagram showing the character
of the resistance coefficient of germaniumj;

Fie. 4 is a diagrammatic illustration of
another embodiment ; '

Fig. 4* is a section on the line 4—4 of
Fig. 4; ‘

Fig. 4° is a diagram indicating the char-
acter of the currents in the embodiment
shown in Fig. 4;

Fig. 5 is a diagram of another embodi-
ment;

Fig. 5% is a diagram showing the character
of the currents produced by the embodiment
shown. in Fig. 5 when the resistance element
has a negative coefficient ; )

Fig. 5" is a similar diagram showing the
character of the currents in Fig. 5 when the
res(istance element has a positive coefficient;
an

Fig. 6 illustrates an embodiment similar
to that shown in Fig. 4.

_The.particular embodiment of .the inven-
tion shown in Fig. 1 comprises a trans-
former T in the secondary of which is the
resistance element G, the magnetized coil M
and a load L. The resistance element G has
a negative coefficient and is preferably
formed of germanium. The magnetized coil
M has a permanently magnetized core. By
virtue of the magnetized coil M alternate
half-cycles of current will be suppressed in
the secondary so that, in the absence of the
resistance element G, the current flowing in
the secondary will be of the general char-
acter indicated by the curve H in Fig. 12
that is, the half-cycles above the base line
will be relatively peaked and the half-cycles
below the base line will be relatively flat.
If the resistance element G has a resistance
coefficient curve of the character shown in
Fig. 3, its resistance will rapidly decrease
when heated to a temperature beyond ap-
proximately 200° C. The elements of the
circuit are so correlated that element G will
not be heated to this temperature during the
flat negative half-cycle current but will be
heated to or above this temperature during
the peaked positive half-cycles. Thus the
resistance will drop to a relatively low value
during the positive half-cycles and at such
times the current in the secondary will rise
to a relatively high value as indicated in
a general way by the curve D of Fig. 1=

The system shown in Fig. 2 is similar to
that shown in Fig. 1 except that a battery
B is substituted for the magnetized coil M
of Fig. 1. Obviously, this battery will op-
pose alternate half-cycles of the current, and
assist the other half-cycles, Thus in Fig. °
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the current which would be produced by the
battery alone is represented by the line 1,
the current which would be produced by the
transformer T alone is represented by the
line 1Y, and the resultant current which
wonld be produced in the absence of the re-
cistance element G is represented by the line
I. DBy properly co-ordinating the elements
of the system the relatively large half-cycles
of current (the positive half-cycles of curve
11) may be caused to heat the resistance ele-
ment G to the range where its coeflicient is
negative and the resultant current will there-
fore be of the general form represented by
the curve D in Fig. 2%

The system shown in Fig. 4 comprises a
resistance element (G enclosed in a cooler A
in the form of a water jacket and two auxil-
iary heating elements C which may take the
form of semi-cylindrical plates of black
The space within the cooler
A is preferably filled with hydrogen or heli-
um and sealed by means of walls E of suit-
able insulating material. The distances be-
tween the plates C and the element G as well
as the distances between the plates C and
the walls of the cooler A arc preferably
made as short as possible so as to make the
transfer of heat between the parts as rapid
as possible, the excellent conductivity of hy-
drogen or heliuin further increasing the rate
The resistance element G
is connected to the secondary of transformer
¥ in series with the load L and the plates
C are connected to the secondary of a trans-
former I which also has a direct current
winding 4, the primary of the transformer 1
being connected to the same alternating
current source as the primary of the trans-
former F. Thus alternating current flows
through the plates C from transformer
I in synchronism with the current flowing
through the resistance element G from the
transformer F.

The direct current winding ¢ on the trans-
former I causes the current flowing through
the plate C to be unsymmetrical as indicated
by the curve H in Fig. 4°. Thus the resist-
ance G is heated to a higher temperature
during the positive half-cycles of current
flowing through the resistance element G
than during the negative half-cycles, thus
varying the resistance of G as indicated by
the curve R in Fig. 4°. During the smaller
negative half-cycles of current flow in the
plates C heat is radiated from the element
G to the plates and thence to the cooler A.
Instead of this particular arrangement for
alternately heating and cooling the element
G any other suitable means may be em-
ployed. By properly correlating the various
elements in this system the resistence ele-
ment G may be heated to the point where its
resistance coefficient becomes negative dur-
ing positive half-cycles of current without
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being heated to this temperature during the
negative half-cycles, thereby to produce a
current in the load circuit of the general
character indicated at D in Fig. 4"

The system shown in Iig. 5 comprises the
main transformer J and an auxiliary trans-
former K having their primaries connected
in geries to the source of alternating current
with a variable resistance N or other suit-
able impedance in the circuit for adjusting
the phase relationship between the two trans-
formers. The secondary of the transformer
J is connected in -series with the variable
resistance element G and the load L. The
secondary of the transformer K is connected
to opposite sides of the resistance G, prefer-
ably through a condenser O, and has a direct
current winding P for rendering the second-
ary current unsymmetrical as above de-
seribed in connection with Fig. 4. An in-
ductance Q may be interposed between the
resistance & and the secondary of trans-
former J to restrict the current from trans-
former K to the resistance element G. With
this arrangement the resistance G is heated
to different temperatures during alternate
half-cycles of current from transformer J
as a result of the unsymmetrical current pro-
duced by transformer K.

Fig. 5° represents the character of the cur- 95
rents in the load circuit of Fig. 5 when the
resistance element G has a negative coeffi-
cient, as for example when it is composed of
germanium and when operating between say
100° C. and 400° C. The curve H represents 100
the current caused to flow through resistance
G by the transformer X; the curve R repre-
sents the varying resistance-6f the element
G; and the curve D represents the current
flowing through the load L from the trans-
former J as controlled by the variable resist-
ance (, it being understood that the trans-
formers J and K are suitably proportioned
and suitably adjusted in phase relationship
by the resistance M to produce a current of
this character.

Fig. 5" illustrates the character of the cur-
rents when the resistance element G has a
positive coeflicient, for example when emn-
ploying germanitum throughout the tempera- 4,,
ture range in which it has a positive coefli-
cient, say 0° C. and 100° C. In this figure
H represents the current produced in the
resistance G by transformer K, R the vary-
ing resistance of the element G and D the
resultant current in the load L.

The embodiment shown in Fig. 6 is simi-
lar to that shown in Fig. 4 and may be simi-
larly employed. Instead of positioning the
heating elements (C, C of Fig. 4) between j9,
the resistance element (G of Fig. 4) and the
cooling element (A of Fig. 4) the resistance
elements (" and G’” are located between the
heating element C” and the cooling element °
A’ which may be a metallic conductor. The 13
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resistance elements G’ and G’ may be in

the form of thin ribbons of germanium (e. g.
one mil thick) and mounted on A’ by insu-
lated screws. The heating element C’ may
comprise a ribbon of nickel similarly mount-
ed. The three ribbons are preferably
mounted under tension %o as to be held taut,
the supports preferably being resilient for
the purpose. The heating and resistance
elements may be connected in suitable cir-
cuits, as for example in Fig. 4, the resistance
elements G’ and G’/ being connected in se-
ries or parallel or in separate circuits but
preferably in parallel like elements C, C in
Fig. 4; and as in Fig. 4 the various elements
are also preferably enclosed and surrounded
with a good heat conducting gas such as
helium. o

From the foregoing it will be evident that
the temperature of the resistance element
may be controlled in various ways and that,
when using unsymmetrical alternating cur-
rent, that the current may be made unsym-
metrical in various ways. Thus in Fig. 1 a
magnetized coil is employed for this pur-
pose, in Fig. 2 the source of direct current
B, and in Figs. 4 and 5 a direct current
winding on the transformer which supplies
the heating current.

It will be understood that the curves in
Figs. 1%, 22, 4, 5* and 5 are not intended to
indicate exact values or relationships but
merely the general relationships between the
currents and resistance.

I claim:

1. An electrical system for modifying cur-
rent comprising a circuit including an im-
pedance element which is variable in re-
sponse to temperature changes, and means
for applying both half waves of a_ cycli-
cally varying source of energy to said ele-

ment for varying the temperature thereof

and for auntomatically causing the tempera-
ture of said element to be different in alter-
nate half cycles of the said waves, thereby
to vary the current in the circuit in a corre-
sponding manner.

2. An electrical system for modifying
alternating current comprising a circuit in-
¢luding a resistance element having a nega-
tive temperature coefficient of resistance, and
means for heating said element during both
half cycles of the alternating current and for
automatically heating said element to a
higher temperature during the half-cycles
to be utilized than during the half-cycles to
be suppressed.

3. An electrical system of the character
described comprising a circuit including an
impedance element which-is variable in re-
sponse to temperature changes, means for
transmitting both half cycles of an alternat-

" ing current through the circuit, and means

65-

for varying the temiperature of said element
in synchronism with said alterating current,
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whereby alternate half-cycles of the alter-
nating current will be retarded in different
degree by the element. o

4. An electrical system of the character
described comprising a circuit including an
impedance element which is variable in re-
sponse to temperature changes, means for

transmitting both half waves of an alternat-

ing current through said circuit, and
means for causing half-cycles of one sign to
heat said impedance to a temperature dif-
ferent from its temperature during half-
cycles of opposite sign whereby alternate
half-cycles are opposeg by the impedance in
different. degree. o

5. An electrical system of the character
described comprising a circuit including a
resistance element having a negative tem-
perature coeflicient of resistance, means for
impressing uninterrupted alternating cur-
rent upon said circuit, and means for caus-
ing half-cycles of one sign to heat said re-
sistance to a temperature higher than its
temperature during half-cycles of opposite
sign, whereby half-cycles of the first sign
are affected by the resistance in lesser degree
than half-cycles of the latter sign. ‘

6. An electrical system of the character
described comprising an impedance element
having a positive temperature coefficient
throughout one temperature range and a
negative temperature coefficient throughout
another temperature range, and means for
periodically changing the temperature of
the element from one range to the other
range.

7. An electrical system comprising an
alternating-current circuit including an im-
pedance element having a positive tempera-
ture coeflicient throughout one temperature
range and a negative temperature coeflicient
throughout another temperature range, and
means for changing the temperature of said
element from one of said ranges to the other
range during alternate half-cycles of current.

8. An electrical system comprising a cir-
cuit including an impedarice element having
positive and negative temperature coeffi-
cients throughout different temperature

.ranges respectively, means for impressing

alternating current upon said circuit, and
means for causing the alternating current to
change the temperature of said element from

one of said ranges to the other range during’

alternate half-cycles of said current.

9. An electrical system comprising an al-
ternating-current circuit including a resist-
ance element whose resistance decreases with
increase of temperature throughout one tem-
perature range but not throughout an ad-
joining range, means for maintaining the
temperature of said element within the latter
range during half-cycles of one sign, and
means for changing the temperature to the
first range during half-cycles of opposite sign.
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10. An clectrical system comprising a cir-
cuit including a resistance element whose re-
sistance decreases with increase of tem-
perature throughout one range but not
throughout the next adjacent lower range,
means for impressing alternating current
upon said circuit, and means cooperating
with said means for bringing the tempera-
ture of sa‘d element within one of said
ranges during half-cycles of one sign and
within the other range during half-cycles of
opposite sign.

11. An electrical system for modifying
current comprising a circuit including an
impedance element of germanium, and means
for automatically varying the temperature
of said element in a predetermined manner,
thereby to vary the current in the circuit in
a corresponding manner.

12. An electrical system for modifying al-
ternating current comprising a circuit in-
cluding a resistance element of germanium,
and means for automatically heating said
clement to a higher temperature during the
half-cycles to be utilized than during the
half-cycles to be suppressed.

13. An electrical system of the character
described comprising a circuit including an
impedance clement of germanium, means for
supplying alternating current to the circuit,
and means for varying the temperature of
said element in synchronism with said alter-
nating current, whereby alternate half-
eyeles of the alternating current will be re-
tarded in different degrees by the element.

14. An electrical system of the character

deseribed comprising a circuit including an.

impedance element of germanium, means for
imnressing alternating current upon said cir-
cnit, and means for causing half-cycles
of one sign to heat said impedance to a tem-
perature different from its temperature dur-
ing half-cveles of opposite sign whereby al-
ternate half-cycles are opposed by the im-
pedance in different degree.

15. An electrical system of the character
deseribed comprising a circuit including a
resistance element of germanium, means for
impressing alternating current upon said
cirenit, and means for causing half-cycles
of one sign to heat said resistance to a tem-
perature higher than its temperature dur-
ing half-cycles of opposite sign, whereby
half-cycles of the first sign are affected by
the resistance in lesser degice than half-
cycles of the latter sign.
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16. An electrical system of the character
described comprising a germanium element

“having a positive temperature coeflicient

throughout one temperature range and a
negative temperature coefficient throughout
another temperature range, and means for
periodically changing the temperature of the
element from one range to the other range.

17. An electrical system comprising an
alternating-current circuit including a ger-
manium clement having a positive tempera-
ture coeflicient throughout one temperature
range and a negative temperature coefficient
throughout another temperature range, and
means for changing the temperature of said
clement from one of said ranges to the other
range during alternate half-cycles of current.

18. An electrical system comprising a cir-
cuit including a germanium element having
positive and negative temperature coeflicients
throughout different temperature ranges re-
spectively, means for impressing alternating
current upon said circuit, and means for
causing the alternating current to change the
temperature of said element from one of
said ranges to the other range during alter-
nate half-cycles of said current.

19. An electrical system comprising an al-
ternating-current circuit inecluding a ger-
manium clement whose resistance decreases
with increase of temperature throughout one
temperature range but not throughout an ad-
joining range, means for maintaining the
temperature of said element within the lat-
ter range during half-cvcles of one sign, and
means for changing the temperature to the
first range during half-cycles of opposite
sign.

20. An eleetrical system comprising a cir-
cuit including a germaninm clement whose
resistance decreases with increase of tem-
perature throughout one range but not
throughout the next adjacent lower range,
sneans for impressing alternating current
upon said. circuit. and means. cooperating
with said means for bringing the tempera-
ture of said element within one of said
ranges durving half-cycles of one sign and
within the other range during half-cycles of
opposite sign.

Signied by me this second day of May,
1923.

CHARLES G. SMITH,
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