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To all whom it may concern: )

Be it known that I, Perer Coorer HEw-
ITT, a citizen of the United States, and resi-
dent of Ringwood Manor, county of Passaic,
State of New Jersey, have invented certain
new and useful Improvements in Electric
Circuits, of which the following is a speci-
fication. »

An electric current traversing an ordinary
electric circuit tends to vary proportionately
with variations of the impressed electro-
motive-force. Variations in energy produce

variations in impedance, and the greater and .

more rapid the variations, the greater be-
comes the impedance effect.

In many classes of circuits it is desirable
to modify, minimize or ‘avoid such imped-
ance or its effect, as, for instance, in tele-

* phone circuits and long lines.
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~with 1mpedance.

Various means have been devised in an
attempt to neutralize, overcome or do away
The methods and appa-
ratus heretofore devised for such purpose

- have dealt with a condition where the cur-
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“distance tends to be.v.

rent flow varies directly with the electro-

motive-force or applied difference of po-
tential. E
My invention is based upon the discovery

“that a composite circuit may be constructed

in which the current flow is not in propor-
tion to the applied electro-motive-force, (as
it is:in an.all-metallic conductor) and in
which the resistance of a portion of the
composite circuit varies in reverse order to
the energy absorbed by impedance. As a
result it is possible to produce a circuit
wherein the current flow is not directly pro-
portional to the voltage, and the voltage
drop varies less or more than would be the
case for the same current variations over
the ordinary metallic circuit, and the ratio
of energy dissipated is not the same as in
steh metallic circuit.

-.."- “The.invention. contemplates a composite
45"
" certain of which the resistance tends to re-

electiicdl circuit consisting of members in

1nain ‘constant and is so under normal con-
ditions, the currént flow tending to vary di-
¢tly. - with the impressed -electromotive-

0 “foirce, and-another member or members elec-

ically connected.therewith wherein the re-
iable under the in-

fluence of difference of energy transmitted
and the current passed is not proportional
to the voltage. In one member the resist-
ance tends to be constant and the voltage
variable with varying current; in the other
the resistance is variable. L
The - energy dissipating ability of one
member is that of a true conductor, while
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the energy dissipating ability of another

member follows a different law.

In an electrical system variation of energy
dissipation is a function of varying resist-
ance, varying voltage or varying current or

.any of them.

It follows from this that given a circuit

" in ‘which the resistance can be varied in some

ratio with respect to varying energy, it be-
comes possible to produce a circuit in which
impedance effects such as the inductance
and the capacity effects may be given other
relative values for carrying' energy than
those of an’ ordinary ecircuit consisting
simply of a true conductor. ‘ ,

My invention provides for such modifica-
tion of the characteristics of a circuit by in-
serting at intervals resistance paths which
have the quality of varying in- resistance

when transmitting variations of energy. I
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am able to do this by utilizing the electrical

characteristics of certain bodies such, for in-

stance, as a conducting gas or vapor as a -

part of the electrical circuit.. When the
means consists of a conducting vapor, it may
be held in an air-tight container constructed
to secure the essential requirements of gas

- purity and proper gas or vapor density, and

1t may be rarefied as required to be adapted

-to particular uses to which it 'is to be placed

and be modified as to size and shape, and
the gas contained as well as have its normal
action modified by magnetic and by ‘electro-
static action by the electric energy of the
circuit, or be influenced by another circuit.
In certain  cases this special conductor

may be contained in an independent circuit .
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inductively, electrically or electro-magnet- -

ically associated with the principal circuit

as, for instance, by means of a transformer, -
the main circuit being the primary and the

special conductor being included in: the
secondary circuit. In other cases, it may be

used directly in the main circuit and con-
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nected around ‘an impedance device in the
line, or it may be located directly in the
main line and form a part thereof.

In the accompanying drawings, Figure 1
shows a telephone circuit having capacity,
inductance, resistance, a source of energy,
and vapor devices; Fig. 2 is the same as Fig.
1 except that the telephone variations are
impressed upon the line inductively; Fig..3
is a power transmission line; Fig. 3% 1s a
modification of Fig. 8; Fig. 4 is a further
modification of Fig. 85 Fig. 4* is a modi-
fication of Fig. 4; Fig. 5 illustrates a simple
embodiment of the invention herein de-
scribed and claimed; Fig. 6 illustrates an
arrangement whereby -electrostatic effects
are substituted for magnetic affects; Fig. 7

‘shows a hot; wire in place of the gds or vapor

device, or rather a device having a falling
voltage characteristic appearing in the other
figures of the drawing; Fig. 8 illustrates a
modification ; and Fig. 9 shows an arrange-

. ment for controlling the electric device by
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electric elements located in a séparate cir-
cuit. : .

Referring to Fig. 1, 1 represents a tele-

phone transmitter or other suitable means
for varying the currents derived from a bat-
tery 2, or other suitable source of currents.
8, represents a receiving device such as a

_telephone receiver, or other apparatus, op-

erated by the transmitted currents. The cir-
cuit connections between the device 1, and the
device 3, comprise sections, 4, and sections, 5.
The sections 4, are ordinary metallic con-
ductors or what may be conyeniently, termed
true conductors. The sections 5, irictude the

vapor devices in which the resistance tends .

to be variable under the ipfluence of differ-
ent amounts of energy transmitted, and
wherein the current passed is.not propor-
tional to the voltage, as hereinbefore de-
scribed. Assuming the circuit amangement

of Fig. 1 is a telephone line, and that speech

is to be transmitted from a point in the line
at the transmitter 1 to the recéiving device
8, the speech to' be transmitted will be im-
pressed on the line 4 through the medium of
the transmitter 1 which has a variable re-
sistance. The variations in this resistance

" cause the current flowing in the circuit from

the battery 2 to vary. Increase of current in
the circuit causes a decrease of voltage drop
across the device 5, which causes a greater
increase of current in the circuit from the
source., The impeding effect of the resist-
ancé of line 4 on the variations is thus

counteracted to the desired extent by the
' characteristics. of devices 5, and the vari-

ations will be reproduced in the receiver 8.
In Fig. 2, a source of current is repre-

sented at, 2, connected in the circuit, 4, 5.

6, represents the secondary of an induction

. coil,” the primary of which is connected

through a source of current, 8, with a tele-

1,328,327

phone transmitter or other current varying
device, 9, and a receiving device, 10. At
some other portion of the circuit a similar
transforming device having its primary, 11,
connected in the circuit, 4, 5, and its
secondary, 12, connected In .a circuit con-
taining another current-varying device, 9,
and a source, 8, and receiving device, 10,
are shown.
ations of the transmitter resistance 9 cause
variations in the current of its local circuit
7, 8, 10 which causes a variation in  the
voltage across the transformer secondary 6.
These variations of voltage add to or sub-
tract from the voltage of the battery 2 caus-
ing the current flowing in the battery 2 to
vary and these variations of current are in-
creased by the devices 5 in the same manner
as in Fig: 1. Variations in the line circuit
6, 4, 5, 11, 2 are reproduced in the trans-
former secondary 12 and utilized in the re-
ceiver 10. The operation. is the same when
speech is transmitted in the reverse di-
rection.

In Fig. 8, the circuit, 4, 5, is shown as
being grounded at g, g, the earth forming a
portion of the return conductor. In this
circuit, transformers 6, 7, and 11, 12, are
shown. In connection with the primary, 7,
there is shown a source, 13, of alternating
or varying currents. The transformer, 11,
12, has its secondary connected at an inter-
mediate point with one side of a consump-
tion circuit, 14, containing any desired de-
vices, the other side of the consumption cir-
cuit being connected with one terminal of
one electrode of a vapor device, 15, two
terminals thereof being connected, respec-
tively, with conductors leading to the re-
spective terminals of the coil, 12. In the
arrangement of apparatus here shown, the
energy from the source of variable or alter-
nating current 13 is transferred to the line 4,
5 through the transformer coils 7, 6. The
energy 1n passing over the line 4, 5 is suc-
cessively subjected to the impeding effects
of the sections 4 and the impedance-modify-
ing effects of the devices 5 and delivered to
the work ctreuit 14 through the transformer

"11, 12 and the rectifying device 15.

In Fig. 4, the source, 13, is shown as being
connected ' through primary coils, 16, the
secondary coils, 17, of which are connected
through circuits containing vapor devices,
5. whose resistance varies in the manner
above described. An additional primary,
16, is shown, having a secondary, 18,.the
terminals of which are connected through

devices, 19, of any -desired character, as.

shown. For reinforcing and modifying cur-
rent in the line, it will be understood that
sources of energy supply may be associated

In this embodiment, the vari-
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with the devices 5; in Figs. 3 and 4, shown |,

at 2 in Fig. 3* and the secondaries 17, in Fig.

4, shown at 2 and 20 in Fig. 4*. Owing to 13(
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the variation of the resistance of the second-
aries under variation of current in the line,
the secondaries 17 may have a variable im-
pedance without energy supply in the cir-
cuit of the secondary. In the power circuit

shown in Fig. 4 the energy from the source

18 is transmitted through.the line 4 and
coils 16 to the transformer 16, 18, of the
work circuit 19. The devices 5 are con-
nected to the line inductively through the

* transformers 16, 17 and the modifying effect

of the devices 5 on the line current takes
place through said. transformers. - :

In Fig. 5, there is shown a source, 2, of
electric currents and a device, 87, for pro-
ducing variations therein. A conductor
from the device, 37, leads through two coils,

84, upon the poles or projections of the poles

of a magnet, 35, which varies the voltage
drop over the device, which poles are pre-
sented to an extension, 88, of the vapor de-
vice containing an electrode with which a
coil, 34, is connected. An electrode, 39, is
connected with the return conductor of the
first circuit through a receiving device,. 40,
affected by variations of current. A keep-
alive circuit, 36, of any convenient arrange-
ment is also shown. The operation of the
circuit shown in Fig. 5 will be readily
understood from the description already
given of the general system of Fig. 1. The
operation of the particular arrangement of
device and magnet is fully set forth in the
last eight paragraphs.of the present specifi-
cation. - - ) :

In Fig. 6 a falling voltage device is shown
at 50, one electrode, 51, is connected through
a source of variation 44 to one pole of a

source of current, 45. The other pole of this

source is connected through a receiving de-
vice 46 to the other electrode, 52. A keep-
alive cireuit may be employed consisting in
this instance of .a -source of current, 53, and

a resistance or reactance device, 36, con- :

nected between the electrode 52 and another
electrode 39. To supply the electrostatic
condition, there is provided a source of en-
ergy 41 connected on one side with the
electrode 52 and on the other with a termi-
nal 38 arranged in proximity to the elec-
trode 51.  In Fig. 6 the operation is simi-
lar to Fig. 5, but in this case electro-static
force instead of magnetic force is impressed
on the vapor path to .secure the desired
characteristics. The resistance of the tube
is increased by the potential from the bat-
tery 41 applied to the electrode 38 and then
varied by the variations from the source 44
transmitted through the transformer 43, 42
as variations of potential on the electrode
38, the transformer coils 43, 42 being so
connected that increase of current in. 43
will be accompanied by a decrease of re-
sistance in the vapor path and vice versa.

In Fig. 7 a typical circuit is shown in

which is included a source of variation 44, a .

source of current 45, a receiver, 46, and a
deviee comprising in this instance an inclosed
material, 47, the resistance of which has a
falling electromotive characteristic. The
operation is obvious from the description of
the other figures, particularly Fig. 1.

Fig. 8 shows several of the falling voltage
devices 5 connected in series in a closed cir-
cuit, but each shunted by a resistance or re-
actance device 48. " A transmitter 9, receiver
10 and battery 8 are connected through a
coil 7 in induective relation to a coil 6 in the
first named closed circuit. At a distant’
point a coil 11 is included in this circuit,
and this is in inductive relation to a coil 12
connected in series with a receiver 10, a
source of current 8 and a transmitter 9. In
the telephone line of Fig. 8 variations are
impressed on the line in the same manner as
in Fig. 2, the reactance devices 48 providing
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a means of adjusting the current of devices -

5 with reference to the line current. _
Fig. 9 represents a modification similar,
in general character, to that of Fig. 5, except
that the variations in resistance of the de-
vice are brought about by acting upon the
magnet in a separate circuit not including
the said device, but affecting the resistance
thereof. In »ti).is figure, 41 represents 'a
source of variations, 42 a variable device
which may or may not be included in cir-

cuit 43, leading from a source 44, through
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the poiis 45, of the polar extensions of the -

magnet 46. The poles of this magnet act on
the variable resistance device which is con-
nected in an independent circuit as shown.
The operation of this arrangement will be
clear from the described operation of the
preceding figures of drawing, taken in con-
nection with the statements made in the
five following paragraphs and particularly
the fifth of said paragraphs.

It will be apparent from the various fig-
ures of the drawings and from the specifica-
tion, that the possibilities of the application
of the invention are extremely varied, but
such . variations all rest upon the funda-
mental device herein described. '

On consideration of Ohm’s equation in
connection with the present system, it must
be borne in mind that the resistance of the
special conductor differs from that of the
ordinary metallic conductor in that it may
not remain constant with variations of
energy so that any or all of the three mem-

bers in the equation C=;—{7 may become a

variable, and as a result any selected one
may be made to vary or be a constant within
limits while any two may vary in-different
degrees with respect to each other. -Owing
to these possibilities the energy radiated or
dissipated from a portion of the circuit may

‘be given many values within wide limits, 1t
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willvbe understood that in the eqﬁation
C=

R
strength, V, voltage or electromotive-force,
and R, resistance. :

Thus the characteristics of a circuit con-
sisting essentially of a normal or “true con-
ductor ”, such as copper, may be modified by
including therein sections having character-
istics other than those of such true conduc-
tor. : .

The variable resistance characteristics of
certain forms of matter, when passing dif-
ferent amounts of electrical energy, may be
modified by means external to it. This is
particularly manifest in an attenuated gas
or vapor wherein many of the electrical re-

sistance phenomena may be modified by elec:.

tromagnetic and electrostatic influence, in-
cluding certain phenomena at the positive
end of a conducting vapor or gas. These
modifications are more pronounced at low
As an illustration, if a magnet

.-be approached near a vapor device passing
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current, the voltage required to pass unit
current will be increased, ‘and the voltage

required to pass current may diminish as the

current increases, and the device may have a
falling voltage characteristic. Under these
conditions, the voltage required to pass unit
current—and, therefore, the apparent resist-
ance—will be increased in some direet pro-
portion as the magnetic effect is increased,
and will be decreased in some direct propor-
tion as the current is increased.

If, as shown in Fig. 5, a terminal of a per-

_manent magnet adjacent to the device be sur-

rounded by a coil of wire and be connected
in series with the device or be connected in
another circuit, as shown in Fig. 9, in such

manner that. current passing through the

coil will tend to demagnetize -the magnet, -
‘and lessen its action on the device, the total
resistance or opposition to the passage of-
the current presented by the device will-be .
. modified by the passing current by modifica-

- tion of the voltage required to pass current:
* through the device, by. modification of the -

magnetic force by the current, and also by
the resistance varying inversely with the

current passed. Such.variable resistance of -

the device is itself essentially most unstable

-and may require in circuit with it, certain

features of impedance precented by a true

conductor, such as impedance 21, Fig. 4*,and

the ratio of the voltage drop over these may
be made of such relative value as to produce

‘the required results, and in circuits may be

had by suitably positioning the variable re-
sistance devices in the line so that the line
presents such impedance.

By means of my discovery it is possible to
modify or to compensate for the effects of
capacity or inductance in a circuit, or both,
resulting from energy variations and so

the character C represents current

1,328,327

"modify the impeding effects of.these factors

in cireuits of considerable length; in other
words, by adding to the energy consuming
ability of a true conducting circuit, resist-
ance of a different, value and characteristics

" and thereby modifying the characteristics

tending to produce impedance or impair
wave forms. .

A characteristic of a vapor device of vari-
able resistance, is that the capacity and in-
ductance effects ave of very different order
from those which are inherent in a true con-
ductor. I propose using this phenomenon in
connection with a true metallic circuit, and
this is one feature of the present invention.

This application is a continuation of my
application Serial Number 775,632, filed
June 25th, 1913, as to matter common to the
two applications.

I claim as my invention:

1. In an electrical system, a gas or vapor

electric device, means for passing current

through the same, and means for aflecting
the device by electro-static force and for caus-
ing the said force to be diminished by an
increased current flow through said device.

2. In‘an clectrical system including a de-
vice having a falling voltage characteristic,
the method of controlling the current flow
therein which consists in affecting the said
device by electro-static force and causing

. the action of the said force to be diminished

by increased current flow in said device.
3. In an clectrical system, the method of
operation, which consists in creating electro-

_static force in the system, varying said force

by changes of current in the system, causing
said force to act upon a local path having
a falling voltage characteristic, and pro-
ducing ‘changes of resistance in the local
path. : -

4. The combination of an electric circuit,
a source of cuirent therein, a conductor hav-
ing an inhevent falling eleetromotive force
characteristic insaid circuit, electro-static
means for imparting an additional resist-
ance thereto, and /means for varying the

effect thereof coincidently and inversely

with the variations of the resistance of the
conductor. o v

5. A composite electric circuit comprising
a section in which the current flow is ap-
proximately proportional to ‘the applied
electromotive force, and a section in which

the current flow is inversely proportional in

some degree to the applied electromotive
force, electro-static means for increasing its

- initial resistance, and means for utilizing

this additional range of resistance for oc-
casioning a fall of electromotive force in re-
sponse to an increased flow of current there-
through.

6. In a telephohe system, the combination

of a transmitting device, a receiving device
and a connecting circuit consisting in part
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of a metalli¢ conductor and in
vice having a falling voltage characteristic,

'.dectro-statlc nieans tor 1nc1'cas1nrr its initial -

resistance, and nieans for ut111/1no' this ad-
ditional range of resistance for occasmnmrr
a tall of electromotive force in response to
an increased flow of current therethrough..
7. In an electrical system, a gas or apor
electric device, means for passing current
through the same, and means for affecting
the dev1u, by electro-static force and for
causing the said force to be diminished by
increased current flow through' said "device.
8. In an clectrical system including a de-

-vice having a falling voltage char: Lctenstlc

the method of iner easing the fallan' voltage

characterlstlc, which consists in applymg an

electro-static force to the device and de-
creasing the said force by increased current
flow thloun'h said device.

9. In an electrlcal system, 1nclud1ng a

art of a de-

translating device, the method of operatlon

wh1ch consists in increasing by electro-.

static-action the electromotive force required
to pass current through the said device and
decreasing the 1'equned electromotive force
in response_to an increase of current flow
therethrough.

10. In an clectrical system, the combi-
nation with a translating device, of means
for increasing by electro-static action the
electromotive fm 'ce required to pass current
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through the device and for decreasing the

required electromotive force in response to
an increased current flow ‘therethrough.
Signed at New York in the county of
New York and State of New York thls 29th
day of January A. D. 1917.
PETER (‘O()PFR HFWITT
Witnesses:
Rayner M. BepeLr,
Trros. H. Brown.
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