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To all whom it may concern:

Be it known that I, Irvine LANGMUIR, &
citizen of the United States, residing- at
Schenectady, county of Schenectady, State
of New York, have invented certain new and
useful Improvements in Methods of and
Means for Amplifying Potential Variations,
of which the following is a specification.

My present invention relates to the ampli-
fication of potential variations and more es-
pecially to the utilization in a wireless re-

‘ceiving system of devices having certain

peculiar current limiting characteristics.
One of the objects of my invention is to
provide a simple and efficient means for
amplifying the potential variations of re-
ceived waves of radiant energy. A further
object of my invention is to provide a sys-
tem in which all of the electrical impulses
received by an antenna may be amplified and
the wave shape of the original impulses may
be maintained substantially the same up to
a desired point. in the amplification. Still
another object of my invention is to provide
a system in which the effects upon the re-
ceiving apparatus of the atmospheric con-
dition known as “static” may be greatly re-

It has been discovered that if two elec-
provide a simple and efficient means for

for causing it to emit electrons, are enclosed

in an envelope exhausted to such a degrec
that the passage of current between the elec-
trodes produces substantially no gas ioniza-
tion, irrespective of the voltage employed,
the flow of current is dependent upon cer-
tain conditions. In case a heated cathode is

~used the current with constant temperature

of the cathode, will, between certain limits,
vary as the 8/2 power of the voltage im-
pressed on the anode. As the voltage is in-
creased, however, a point which may be
termed the “saturation” point, is finally
reached at which the current becomes con-
stant. By varying the temperature of the
cathode the impressed voltage at which the
current becomes constant may be varied and
the value of the saturation current may be
varied. Devices of this type are describeil
and certain broad features thereof are
claimed in my copending application, Ser-
1al No. 84,242, filed March 14, 1916, which is
a continuation of my application Serial Na.
795,610, filed October 16, 1913,

If a negative electrostatic field is set up

within the envelope of an electron discharge
device in which the current has not reached
the saturation point, by impressing a nega-
tive potential upon a conducting grid inter-
posed between the electrodes the flow of cur-
rent will be decreased, and if the negative
potential used is great enough with respect
to the potential impressed on the anode the
flow of current may be stopped altogether.
On the other hand 1f a positive potential is
impressed upon the grid the flow of current
may be increased. In controlling the current
in this way if the ahode is maintained at a
constant potential a small variation in the
potential of the grid will cause a very large
change in the current between the electrodes.
This property of such devices has been made
use of by impressing upon the grid the po-
tential of the very feegle current impulges
of waves of radiant energy such as are re-
ceived by the antenna of a wireless station,
thereby producing a current flow between
the electrodes which varies in accordance
with the variations in the received current,
but which is of much greater amplitude. If
on the other hand, it is desired to cause a
constant current to flow through the device
the anode potential required to produce that
current will vary in accordance with the

_variations in the potential of the grid. In

carrying my invention into effect I make use
of this last property in such a way as to
amplify the potential variations of the re-
ceived waves instead of the current varia-
tions and by so doing secure a high degree of
amplification. In accomplishing this result

T may also make use of the current satura-

tion effect of a second electron discharge de-
vice to prevent the current through the am-
plifier from exceeding a certain amount, ir-
respective of the voltage impressed upon the
grid. o :

In the operation of a receiving system ar-
ranged in accordance with my invention all
of the potential variations of the received
waves of radiant enmergy on a strongly
damped antenna may be amplified in their
proper proportions.” The amplified poten-
tial variations thus obtained may be im-
pressed upon a current limiting device which
will eliminate all of the current impulses
above a predetermined value and in’ this
way the effect of heavy static discharges may
be avoided. After the large impulses have

‘thus been removed suitable tuning appara-
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" tus' may be employed to select the impulses
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of the frequency sent by the station from
which ‘it is desired to receive. o
Before proceeding further with the de-

scription of my invention it may be well to

explain briefly the nature of the disturb-
ances, the effect of which upon the receiv-

"ing apparatus I desire to reduce as much
as possible. A receiving antenna in addi- .

tion to its function of serving as a collector
for .the waves of -radiant energy sent out

from other stations also serves. as a path.
- to the

( ,tirrou‘nd' for atmospheric electricity
commonly known as “static.” This may be
collected by the antenna merely by contact

. with charged atmosphere. The greatest in-

20

terference with the receiving of the desired
waves is, however, due to electromagnetic
waves produced by atmospheric discharges
accompanying thunder storms at a distance.

- When receiving from a station sending out

‘strong- signals and not too far away, the

energy of these waves produced by atmos-
pheric discharges which reach the antenna
1s asually so small in comparison with that
of the signaling waves that there is prac-
tically: no interference with the signals
which it is desired to receive. On the other
hand when an attempt is made to receive sig-
nals which are so weak when they reach the
antenna that amplification is necessary for

‘receiving, the amplitude ofthese waves pro-

 duced by static discharges may become much
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greater than that of the signals which are
to be received.” If the antenna is tuned to
the frequency of the waves to be receivedf

“oscillations of the same frequency but o

much greater amplitude thar the received
waves will be set up therein by the waves

‘produced by static discharges. Thé dura-

tion of these oscillations is comparatively

short but if, in order to receive the signals

desired, amplification is necessary the waves
produced by static will be amplified .to the
same extent as the other waves. As a re-
sult the amplified static oscillations will pro-
duce such a loud noise in the telephone or-
dinarly used as a receiver as to completel

‘drown out the desired signals over a muc

greater period. If the antenna is strongly
damped no oscillations will be set up therein
but the energy of the wave produced by
static will pass to earth as a single rush of
current. With such an antenna the received

> signals are weaker than when the antenna

is tuned, while the amplitude of the static
impulse remains substantially the same.  As

a result the amplitude of the signaling waves

‘becomes much less with respect to the static
impulses than when a tuned antenna is used
for receiving: - If then a device is placed

" in the receiving system, either before or af-

ter amplification, which limits the current

“which can reach the receiver to a value ap-

proximately that of the waves to be received

-may be so reduced
- ligible. - ,
The novel features of my invention are
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the effect of the static charge on the receiver
as to be practically neg-

pointed out with particularity in the ap-.
pended claims. The invention itself, how-
ever, together with further objects and ad-
vantages will best be understood by refer-
ence to the following- description taken in
connection with the accompanying drawing
in which Fig. 1 illustrates diagrammaticaliy
a receiving system; Fig. 2 illustrates the
application of a. current limiting device to
reduce the effect of static disturbances;
Fig. 3 shows a curve illustrating the current
saturation effect- of an electron discharge
device, and Fig. 4 shows the relation be-
tween the ancde potential and grid potential
of an electron discharge device with a con-
stant current. o .
As indicated in Fig. 1 the antenna 1 is

inductively connected by means of the trans-
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forming device 2 to the grid 8 of an electron .

discharge device 4. This device comprises

in addition to the grid 3 an anode 5 which
preferably is plate shaped, and a cathode 6

of filamentary form which is provided with
a battery 7 for heating to incandescence. -
For convenience of description I term the -

circuit which comprises the grid 3, the sec-

ondary of the transformer 2, and the cathode

6, the grid ‘circuit. The envelope within

%0

95 -

which these electrodes are placed is prefer- .-

ably exhausted to such a high degree of
vacuum thatthe passage of current between

-100

the electrodes’ is accompanied by substan- -

‘tially no gas ionization irrespective of the

voltage employed. In series with the elec-
trodes of this device a source of erergy 8 is
placed and a second electron discharge de-

vice 9 is also included in the circuit which

for convenience of description I designate
as the plate circuit. - This second device is
similar to the first with the exception that

“the grid may be omitted.  This device, how-

ever, should be so designed that with the
ordinary temperature at which the cathade

10 is best adapted to operate the current will

reach its maximum value when the voltage
impréssed upon the anode 11 is considerably
less than that of the source of energy 8. The
two devices should be so related and the -po-

-tential of the source 8 should be so adjusted

that normally the saturation current of the
device 9 will bé less than that which would
pass through the device 4 when the grid 3
is-at the normal potential. If then the grid

potential be varied the current through the
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device 4 will tend to vary. Inasmuch, how- _

ever; as this current is kept constant by the
current limitin

125

devide 9 no variation in the

current through the device 4 is possible. "As --
the grid potential is varied, however, the dif-:

ference in potential between the -cathode 6

and the anode 5 will vary and consequently M
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the potential difference between the cathode
10 and the anode 11 of the current limiting
device 9 will vary. The variations thus pro-
duced, however, will be many times greater.
than the variations of the potential of the

‘grid 8. These amplified potential variations

may be impressed upon the grid of a third
electron discharge device 12 similar to the
first one. Since the variation in potential
between: the cathode 6 and the anode 5 is
equal to'that between the cathede 10 and tha
anode 11 of the current limiting device @
the potential variations between eathode 6
and anode 5 may be impressed on the grid

of the device 12 with the same result. If the,

connection is made in this way it will be
possible to use & somewhat variable source of
energy in place of battery 8 since varations

“in the potential of the source will have no ef-

fect on the potential between cathode ¢ and
anode 5 as long as the potential of the source
8 is greater than that required to produce
saturation current. '

In this case the variations in potential of
the source 8 will be all taken up by the de-
vice 9. While the variations in potential be-
tween § and 5 will differ from those between
10 and 11 by an amount equal to the varia-

tions of the source 8 this will not affect the’

operation of the device as the potential va-
riations between 6 and 5 will always be pro-
portional to the changes in potential of
grid 3. The plate circuit of the device. 12
may in addition to the source of energy 13
include a second current limiting device, and
the potential variations impressed upon the
grid 14 may be again amplified as in the
first case. As many of these devices may
be .connected in-series as is necessary to se-
cure the desired degree of amplifieation.
When the potential variations have been
amplified as nmch as desired they may be
used to control the eurrent through the last
electron discharge device of the series, there-
by producing in the plate circuit of that de-
viee a current which varies in accordance
with and is many . times greater than the
current received in the antenna. :

It the antenna 1 is strongly damped all
of the waves of radiant energy received

thereby will be amplified to the same degree

o g " . . .
and if none of the circuits connecting tha

“amplifiers are resonant the wave shapes of

the various impulses received will be ampli-
fied with little variation. = By passing the

- amplified current thus obtained through a

60
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tuned circuit consisting of an inductance 15
and variable eondenser 10, it will be possible

to select the amplified waves of the fre-
-quency which it is desired to receive. The

waves thus selected may then be impressed
upon the grid circuit of another electron dis-
charge device 17 and the received signals inay
be detected in the telephone receiver 18 con-
nected to the plate cirenit of the detector 17.

in this case is constant.

S

In the drawing T have shown only one po-
tentinl amplifying device, but have indi-
cated by dotted lines the point in the sys-
tem at which additional potential amplify-
ing devices may be connected.

In the system thus far described né pro-

vision has been made for eliminating the-

heavy static impulses which are received on
the "antenna. An arrangement for accom-
plishing this is indicated in Fig. 2 in which
current from a device controlled by ampli-
fied potential variations is caused to flow
through the coil 19. The current thus ob-
tained may comprise received waves from a
plurality of stations and in addition may
contain impulses from static charges of
much greater amplitude than the signaling
waves. To eliminate all of these impulses

-of an amplitude greater than that of the sig-

naling waves, a current limiting device 20
having two incandescent electrodes, in order
to allow the passage of current in either
direction, may be included in the circnit of
the coil -21 which is coupled with coil 18,
The signaling waves will pass through this
current limiting device without diﬂiouT\ty. As
soon as a wave of high amplitude due to a
static impulse is induced in the eirenit the
current limiting action of the device takes
effect and only a sinall portion of the wave
is allowed to pass through. The energy of
the wave which does not pass through the
current limiting device may be absorbed in

the resistance 22. Having thus eliminated

the heavy static impulses the current may be
reproduced in the tuned grid circuit of the
detector 23 in order to select and detect the
waves of a desived frequency. While Thave
indicated the current limiting device as be-
ing connected in the system after the desired
potential amplification has been obtained it
will be apparent that it may be located nt
any point in the system where the current
value of the received waves does not differ
greatly from the saturation current of the
device. In the operation of electron dis-
charge devices having a controlling grid it
will be found desil‘ulfﬁ% to adjust the normal
potential of the grid to a value at which the
device has the greatest sensitiveness to vari-
ations in the grid potential. In order to
do this o battery 2 of the desived poten-
tial may be connected to the grid. In some
cases the positive terminal may be connected
to the grid while in other cases it will be
found desirable to conneet the negative ter-
minal of this battery to the grid.

“The curve A of FFig. 3 which isdrawn with
current as ordinates and the impressed volt-
age on the anode as abseissae shows the re-
lation between these two quantities. Tt will
be seen that when the current veaches a cer-
tain value further inercase in voltage has
no effect. The temperature of the cathode
Tf the temperature
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should be incregsed the value of the satura-
tion current would also increase. .In any
case, however, there will be a point at which
further increase of voltage will produce no
increase in the current,

In Fig. 4 I have illustrated the relation
between' the grid potential and anode po-
tential of a device, such as 4 in Fig. 1. In
this case the ordinates represent the grid
potentials, those below the axis, X—X rep-
resenting negative grid potential, and the
abscissz represent the anode potential neces-
sary to maintain constant current with vary-
ing grid potential. The lower curve B rep-
resents the relation between the two po-
tentials when no current passes through the
device, and the upper curve C' represents the
same relation for one particular value of
the current. In the device of which this
is a characteristic curve it will be seen that
a variation of one volt in the grid' potential
corresponds to.a variation of practically 150
volts in anode potential, thus it will be seen

- that 150 fold amplification may be secured
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with this particular device by the method
which I have described. The slope of the
constant current curve will depend upon the
construction and arrangement of the elec-
trodes and grid, and I have found it. pos-
sible to construct devices of this character by
means of which a greater degree of amplifi-
cation than 150 may be secured.

While T have described my method of am-
plification with special reference to a sys-
tem in which a strongly damped antenna is
employed it is also adapted for use with
a tuned antenna as well. It will also be
apparent to one skilled in the art that many
variations in the arrangement of the differ-
ent devices employed and in the .character-
istics of the connecting circuits may be made
without departing from the scope of the ap-
pended claims, and I do not wish to be lim-
ited to the particular arrangement described.
Neither do I wish to be limited to the use of
apparatus which operates with a pure elec-
tron discharge, as amplification according
to the method described may be successfully
carried on with any controlling device .in
which the flow of current or the potential
between two electrodes may be varied by
varying the potential on a conducting body
irffterposed between or placed in the neigh-
borhood of the electrodes, or with any cur-
rent limiting device in which an increase in
voltage above a certiin point does not pro-
duce an increase of current.

What I claim as new and desire to se-
cure by Letters Patent of the United States,
isi— - :

1. The combination in a wireless receiv-
ing system of an electron discharge device
comprising an evacuated envelope having

o therein an electron emitting cathode, an

anode and a grid, means for Impressing re-

1,468,116

ceived waves upon the grid circuit of said

device, a source of energy in the plate cir-
cuit of said device, a current limiting device
in series with said source of ener which
prevents any increase of current in the plate
circuit above a certain amount irrespective
of the voltage applied thereto, a second elec-
tron discharge device similar to the first, and
means for impressing upon the grid cir-
cuit of the second electron discharge de-
vice the potential variations between the
terminals of said current limiting device.

2. The combination in a wireless receiv- -

damped antenna,

ing system of a strongl{ ;
of the waves of

means for amplying al

‘radiant energy received by said antenna,

means for limiting the amplitude of said
amplified waves to a predetermined value
which is independent of the voltage of the
source by which they are produced, means
for selecting from said amplified waves of
limited amplitude those of a desired fre-
quency and means for detecting the waves
thus selected. :

3. The combination in a .wireless' receiv-
ing system of a plurality of electron .dis-
charge devices each having an electron
emitting cathode, a cooperating anode and
a conducting grid, means comprising a non-
resonant circnit for causing variations in
the potential of the grid of one of said de-
vices corresponding to received waves
means comprising a second non-resonant
circuit for amplifying these potential vari-
ations and impressing them on the grid of a
second device, thereby producing amplified
waves in the plate circuit of that device,
means for limiting the current in the second
non-resonant circuit to a predetermined
value irrespective of the volta therein,
a tuned circuit in operative relation to said
second device for selecting from the ampli-
fied waves those of a desired frequency, and
means for detecting the waves thus se%ected.

4. The combination with an electron dis-

charge device comprising an evacuated en-

velope having therein an electron emitting
cathode, an anode and a grid, of means for
impressing a variable potential upon said
grid, a source of energy in the plate cir-
cuit -of said device, a current limiting de-
vice in series with said source of energy
which prevents any increase of current in
the plate circuit above a certain amount
irrespective of the voltage applied - thereto,
a second electron discharge device similar
to the first and means for impressing upon
the grid of the second device the potential
variations between the terminals of said
current limiting device. :

5. The combination in a wireless receiv-
Ing system of an antenna, means for ampli-
fying the waves of radiant energy received

by said antenna and means for limiting the

amplitude of said amplified waves to a pre-
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determined value which is -independent of
the voltage by which they are produced.

6. The combination in a wireless receiv-
ing system. of an antenna, means for ampli-
fying the waves of radiant energy received
by said antenna, and means for absorbing
arﬁ of the enmergy of said amplified waves

above that corresponding to a current of a

16

15

certain predetermined value.

%. The combination in a wireless receiv-
ing system of an antenna, means for ampli-
fying the waves of radiant energy received
by said antenna, detecting apparatus opera-
tively connected to said antenna and means
for absorbing all of the energy of said

- amplified “waves above that corresponding
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to a current of a predetermined value be-
fore they reach the detecting apparatus.

8. The combination in a wireless signal-
ing system of an antenna, means for ampli-
fying the waves of radiant energy received
by said antenna, detecting apparatus oper-
atively connected to said antenna and means
for limiting the. amplitude of the received
and ampliﬁed waves to a predetermined
value which is independent of the voltage
producing them before they reach the de-
tecting apparatus. '

9. The combination in a wireless receiv-
ing system of an antenna, means for ampli-
fying the potential variations of the waves
of radiant energy received by said antenna,
means for producing a current which varies
in accordance with said amplified potential

variations, means for limiting the ampli- .

tude of said current to a predetermined
value which is independent of the voltage
by which it is produced, means for selecting

from said variable current’ waves of a de-

sired frequency, and means for detecting
the waves thus selected.

10. The combination in a_wireless receiv-
ing system of an-electron discharge device
comprising an evacuated envelope having

‘therein an electron emitting cathode, an

gnode and s grid, means for 1mpressing re-
ceived waves upon the grid circuit of said

- device, & source of energy in the plate cir-

60

cuit of said device, a second electron dis--

charge device adapted to limit the current
in the plate circuit of the first device to a
predetermined value irrespective of the

" voltage applied thereto, a third electron dis-

86
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charge device similer to the first, and means
for impressing upon the grid circuit of the
third device the potential variations be-
gween the terminals of said second device.
11; The combination with an’ electron
discharge device comprising an evacuated
envelope having therein an electron emit-
ting cathode, an anode, and a grid, of
means for impressing a variable potential
upon said_ grid, a source of energy in the

~ plate circuit of said device, a second elec-
‘tron discharge device adapted to limit the

current in the plate circuit of the first de-
vice to a predetermined walue irrespective
of the voltage of the source of energy there-
in, o third electron discharge device similar

to the first, and means for impressing upon ¥

the grid of the third device the potential
variations between the terminals of said
second device,

-12. The combination in s wireless receiv-
ing system of an antenna, means for ampli-

76

fying waves of radiant energy received by

said antenna without any substantial vari-
ation in the wave shape, means for limiting
the amplitude of said amplified waves to

ent of the voltage by which they are pro-
duced, and means for detecting said ampli-
fied waves of limited amplitude.

13. The combination in a wireless receiv-

ing system, of means for amplyfying the.
potential variations of the received waves
comprising a controlling device having at
least two electrodes and a controlling grid,
a source of emergy connected to said elec-
trodes and having in series therewith a de-
vice adapted to prevent the’current between
said electrodes from exceeding a predeter-
mined value irrespective of the voltage im-

ressed thereon from said source, means for

“a predetermined value which is independ- 9

]
’

c2

impressing the potential variations of the ®

received waves upon the controlling grid,
and means for impressing the amplified po-
tential variations upon the grid of a second
controlling device.

" 14, Means for amplifying potential vari-
ations comprising a contmﬁingz device hav-
ing at least two electrodes and a controlling
grid, a source of energy connected to said
electrodes having in series therewith a de-

160

vice adapted to prevent the current between 106

the electrodes from exceeding a predeter-
mined value irrespective of the voltage im-
pressed thereon from said source, and means
for impressing the potential variations to
be amplified on the controlling grid.

15. The combination with a controlling-
device having at least two electrodes and 2

controlling grid of a source of energy con- -

nected to said electrodes and having in

130

series therewith a device -adapted to pre- 118

vent the current between the electrodes from
exceeding a predetermined value irrespec-

‘tive of the voltage impressed thereon from

said source, and means for impressing a

variable potential on the comtrolling grid. 200

16. The combination in a wireless receiv-
ing system of means for amplifying the
potential variations of the received waves
comprising & controlling device having at

a source of energy connected to seid elec-
trodes and having in series therewith a
device adapted to prevent the current be-
tween said electrodes from exceeding a pre-

least two electrodes and a controlling grid, 10

determined value irrespective of the velt-
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age impressed thereon from said source and
means for impressing the potential vari-
ations of the received waves on the con-
trolling grid. ~

- 17. The method of amplifying potential
variations which consists in causing a con-
stant current to flow in 2 cireuit comprisin
two separated electrodes having interposeﬁ
between them a controlling grid and at the
same time impressing the gotential varia-
tions which are to be amplified on the con-
trolling grid, thereby producing potential
variations between the electrodes similar to
the potential variations impressed on the
grid but of much greater amplitude.

18. The combination of a repeating circuit
comprising an electron discharge device
having two windings in series therewith,
means for inducing an alternating potential
from a selected source together with dis-
turbing potentials in one of said windings,
and & second circuit having a winding there-

in operatively related to the second winding,

said electron discharge device being so con-
structed and the saturation current thereof
having such a value that the current flowing
in the second winding cannot exceed the
maximum value of the current derived from

the selected source irrespective of the value

of the disturbing potential induced in the
first winding. : :

19. The combination of a repeating cir-
cuit comprising an electron discharge device
having two-electrodes and two windings in
sertes therewith, and means for inducing an
alternating potential from a selected source
together with disturbing potentials in one
of said windings, the saturation eurrent of
said electron discharge device having such
a value that the current flowing in the sec-
ond winding cannot exceed the maximum
value of the current from the selected source
irrespective of the value of the disturbing
potential induced in the first winding.
- 20. In a repeating system the combination
of an electron discharge device comprising
an evacuated container having two elec-
trodes enclosed therein provided with means
for heating to incandescence, said device be-
ing so. constructed and the temperature of
the electrodes being so chosen that the cur-
rent passing between said electrodes cannot
exceed a predetermined desired value: irre-
spective of the voltage applied thereto.

21. The combination of a repeating cir-

- cuit comprising an electron discharge de-

vice having two electrodes, at least one of
which is provided with means for heating to
incandescence and means for impressing

‘upon said circuit an alternating potential

from a selected source together with dis-
turbing potentials, said electron discharge
device being so constructed and the tem-
perature of the incandescent electrode being

so chosen that the current flowing in the:

1,468,116

circuit cannot exceed the maximum value of
the current derived from the selected source
irrespective of the value of the disturbing
potentials impressed upon the circuit and
will- vary between this maximum value and
a substantially zero value with variations in
the amplitude of the alternating potential
from the selected source.

22. The method of eliminating disturbing'

effects in a signaling system comprising an
electron discharge device having a plurality
of electrodes, at least one of which g pro-
vided with means for heating to incgn-
descence, the temperature of said heated
electrode being so chosen that the current
passed by said device cannot exceed a given
desired value irrespective of the applied
voltage, which consists in producing in the
system by means of the maximum energy
from a selected source a signaling voltage

approximately equal to that required to pro- -

duce maximum current in the device and
applying this voltage together with any,
voltages which may be produced in the sys-
tem by means of the energy of disturbing
agencies to said deviéé and thereby produc.
ing in the system currents which ‘will Vary
only between the maximum value of the cur-
rent produced by the selected source and a
substantially zero value.

23. The method of transferring electrical

energy of a selected source from one circuit-

to another by means of an intermediate cir-
cuit, which consists in limiting the current
in the intermediate circuit to a value sub-
stantially equal to the maximum value of
current which can be derived from the se-
lected source irrespective of the voltage ap-
plied thereto while maintaining the continu-
ity of the intermediate circuit.
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24. In a receiving system for radio com- .

munication, a current limiting device com-
prising an electron discharge device, an
electrical circuit connected to electrodes of
said device, a wave responsive device asso-
ciated with said circuit and means for im-
pressing upon the electrodes of said device
currents produced by signaling waves to-
gether with currents produced by disturb-
Ing agencies, the electron producing means
of said device being so adjusted that the
current carried by the produced electrons

cannot appreciably exceed in value the cur--

rent produced in the circuit by the signaling
waves. ’ S :
25. The combination in a signaling sys-

of an electron discharge device, an electrical
circuit "arrangement which includes two
windings in séries with said device and
means for. inducing a signaling potentisl
from a selected source in one of said wind-
ings, said electron discharge device being
So constructed and the saturation current
thereof adjusted to such a value that the
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‘tem which is subject to abnormal potentials .
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_current flowing in the second winding can

only vary in value between the maximum

" value of current. derived from the selected

source and a substantially zero value, irre-

_spective of the value of any abnormal po-

tentials which may be
winding. : ) :
26. The combination in a signaling sys-

induced in the first

* tem which is subject to abnormal potentials

10.

. two windings in series with said device and-

15

36
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45
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of an electron discharge device. an elec-
trical circuit arrangement which includes

means for inducing a signaling potential
from a selected source in one of said wind-
ings. said electron discharge device being
so constructed and the saturation current
thereof adjusted to such a value that the
current flowing in the second winding will
vary between a maximum and a substan-
tially zero value with variations in the sig-
naling potential and cannot appreciably ex-
ceed in value the maximum value of the

current produced by the signaling poten--

tial.

97. The method of operating an energy
transmission system, which is subject to
abnormal energy conditions and which com-
prises a circuit containing a device which
permits of current flow therethrough in
both directions and which is adjusted to
limit the current flowing in that circuit to
a predetermined value irrespective of the
voltage applied thereto without interrupt-
ing the continuity of the circuit. which con-

3 sists in producing by means of the normal

energy in the system a voltage of substan-

tially the value required to produce the
MAXNEm ible current in the ecircuit,.

applying this voltage to the circuit, together.

with any other voitages which may be pro-
duced in the systéem by abnormal energy,
and thereby limiting the rate at which ab-
normal energy is transmitted to a value sub-

stantially equal to the rate at which the

normel energy in the system is transmitted.
 98. The method of eliminating disturb-

ing effects in a signaling system compris-
ing am electron discharge device having a -
furality of electrodes. at least one of which
is provided with means for heating to in-
candescence, the temperature of said heat-
ed electrode heing so chosen that the cur-

rent passed By said device cannof exceed

a given desired value irrespective of the ap--
plied energy. which consists in producing
in the system by means of the normal energy.

from o selected source a variable signal-

ing voltage, the maximum value of which’
i gprommatel_v equal to that required to
of a value equal to the

 maximum current which
said device and applving to the device this

1S §
produce a current
can be passed by

voltage together with any vol‘ages which
may te

the energy of disturbing sgencies and there-

produced in the system by means of -

by limiting currents produced in the sys-
tem by the disturbing agencies to a value
whichis substantially equal to that of the
maximum currents produced by the varia-
ble signaling voltage.

99, The combination in a signaling sys-
tem which is subject to abnormal poten-
tials of an electron discharge device, an
electrical cireuit which includes two wind-
ings in series with said device, and means
for inducing a signaling potential from a
selected source in one of said windings, said
electron discharge device being capable of

tions through said windings and being so

constructed and the saturation current

thereof adjusted to such a value that the
curvent flowing in the second winding can-
not appreciably exceed in value the current

_produced thercin by the signaling potential

from the selected source irrespective of the
value of any abnormal potentials which may
be induced in the first winding.

30. In a receiving system for radio com-
munication, & current limiting device com-

prising an electron discharge device having

a cathode adapted to be heated to incan-
descence to serve as a source of electrons and
an anode, an eléctrical circuit connected to
the electrodes of said deviee, a wave respon-
sive device associated with said cireuit, and
means for impressing upon the electrodes of
said device currents produced by signaling
waves. together with currents produced -by-
disturbing agencies, the temperature of said
cathode being so adjusted that the current
carried by the electrons emitted thereby can-
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permitting  eurrent to flow in both direc-
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not appreciably exceed in value the current -

produced in the circuit by the signaling
waves.

31. The combination in an energy trams-
mitting system which is subject to abnormal

LY

108

energy conditions of an electron discharge -

device having two electrodes, both of which
are provided with means for heating to in-
candescence, an electrical cireuit connected
between said two electrodes, and means for
impressing upon said circuit & voltage pro-
duced by the normal energy from a selected
source together with voltages produced by
abnormal energy conditions, said electron

-discharge device being so comstructed and
_ the temperature of the incandescent elec-
trode being so chosen that the current in the

circuit cannot appreciably exceed in value
the current produced therein by the voltage
produced by the normsl energy from the se-
lected source.

- 392. The method of eliminating disturbing
effects in a signaling systemi comprising an
electron discharge device having a plarality
of electrodes, at least one of which is pro-
vided with means for heating to incandes-
cenca, the temperature of said heated elec-
trode being so chosen that the carrent passed
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by said device cannot exceed a given desired

value irrespective of the applied -voltage,
which consists in producing in the system by
means of the normal energy from a selected
source a signaling voltage approximately
equal to that required to produce maximum

-current in the device, and applying this volt-

age together with any voltages which may
be produced in the system by means of the
energy of disturbing agencies to said device
and thereby limiting currents produced in
the system by the dsturbing agencies to a
value which is substantially equal to that
of the currents produced by .the signaling
voltage. - . :

33. The combination in a signaling sys-
tem which is subject to abnormal potentials
of an electron discharge device, an electri-
cal circuit arrangement which includes two
windings in series with said device, and
means for inducing a signaling potential
from a selected source in one of said wind-
ings, said electron discharge device being
so constructed and the saturation current
thereof adjusted to such a value that the
current flowing in the second winding can-
not appreciably exceed.in value the current
produced therein by the signaling potential
from the selected source irrespective of the
value of any abnormal potentials which
may be induced in the first winding.

34. The method of operating an energy

" transmission system, which is subject to ab-

normal energy conditions and which com-
prises a circuit arrangement containing a
device which is adjusted to limit the current
flowing in that circuit arrangement to a
predetermined value irrespective of the volt-
age applied thereto without interrupting

1,468,116

the continuity of the circuit arrangement,
which consists in producing by means of
the normal energy in the system a voltage
of substantially the value required to pro-
duce the maximum possible currents in the
circuit arrangement, applying this voltage
to the circuit arrangement, together with
any other voltages which may be produced
in the system by abnormal energy, and

thereby limiting the rate at which abnormal

energy is transmitted to a value substan-
tially equal to the rate at which the normal
energy in the system is transmitted.

35. The combination in an energy trans-
mitting system which is subject to abnormal
energy conditions, of an electron discharge
device having a plurality of electrodes, at
least one of which is provided with means
for heating to incandescence, an electrical
circuit arrangement connected with said
electrodes, and means for impressing upon
said circuit arrangement a voltage produced
by the normal emergy from the selected
source together with voltages produced by
abnormal energy conditions, said electron
discharge device being so constructed and
the temperature of the incandescent elec-
trode being so chosen that the current in the

-eirenit arrangement cannot appreciably ex-

ceed in value the current produced therein

- by the voltage produced by the normal en-

ergy from the selected source.
- In witness whereof, I have hereunto set
my hand this 9th day of December, 1914.

IRVING LANGMUIR..

Witnesses:
Winntam C. Warre,
Bexsamn B. Huwr,

Certificate of Correction.

. It is hereby certified that in

Letters Patent No. 1,468,116, granted upon

the application of Irving Langmuir, of Scheneciady, New York, for an im-

provement in “ Methods of and Means for

Amplifying Potential Variations,” an

error appears in the printed specification requiring correction as follows: Page 1,
line 30, strike out the words “provide a simple and efficient means for» and insert

instead the syllable and words
that the said Letters Patent should:be
same may conform to the record of the

Signed and sealed this 23d day

[srar.] ’

-trodes, one of

which is provided with means; and -

read with this correction therein that the
case in the Patent Office. o
of October, A. D., 1993,

WM. A, KINNAN,

. "Acting Commissioner of Paients.
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