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7o all whom ¢t may concern:

Be it known that T, IrviNe LANGMUIR, a
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 Controlling Klectric Currents or
Potentials, of which the following is a speci-
fication, '

My present invention relates to means for
controlling and regulating electric currents
or potentials. I employ various and diverse
agencies in such a way that variations of po-
tential or current of one circuit are utilized
to produce desired changes in the potential
or current of another circuit suitably cou-
pled with the first.

In one medification this effect may be em-
ployed in a system for controlling the value
of a direct current of constant or slowly
varying amplitude in the second circuit by
means of a current of the same nature in the
first circuit, in contra-distinction to the
large class of devices which are in common
use and which accomplish this result only
in the case of alternating currents or pul-
sating direct currents. _

In another modification variations in the
potential of a source of electromotive force

‘are utilized to produce variations in the

current flow from another source. The va-
riable current flow thus produced may be
utilived in turn to operate suitable regulat-
ing means to maintain a’ constant potential
in the first source.

In carrying my invention into effect I

make use of some form of electron discharge

apparatus arranged in co8perative relation
with the source of potential or current which
is to be controlled or regulated. I am not
limited ¢o the use of any particular form
of electron discharge apparatus.

In the accompanying drawings in which
Figure 1 shows diagrammatically one way
in which my invention may be utilized for
the amplification of electric currents, Fig. 2
shows o second modification thereof adapted
to the operation of a constant potential reg-
ulator, and Fig. 3 shows a characteristic

eurrent curve of an electron discharge de-

vice which may be employed.

1 indicates a photo-electric cell having a
cathode 2 of sodium, potassium or other
metal which gives off electrons when. sub-

“jected to the influence of light, and an ancde

8. A battery 4 is placed in circuit with this
cell and the current which passes through
the cell when exposed to the influence of a
light source 5 is caused to flow through the
high resistance 6. In conjunction with this
source of small currents T employ an electron
discharge tube 7 comprising a cathode 8
of filamentary form provided with means
for heating, consisting of a battery 9, an
anode 10 and a conducting body 11 in the
form of a grid interposed between the cath-
ode and the anode. In circuit with the cath-
ode and anode is placed 2 battery or other
source cf eurrent 12 and a vesistance 13, the
value of which bears a given ratio to that of
the resistance 6. In this circuit I may also
place a suitable measuring instrument 14 for
the purpose of measuring the amplified cur-
rent.

The curve shown in Fig. 3 illustrates the
relation between current between cathode
and anode and grid potential in an electron
discharge device which is suitable for my
purpose. From this it will be seen that with
a certain negative potential on the grid no
appreciable current will flow between the
electrodes. As this negative potential be-
comes less, current starts to flow. and in-
creases with decrease in the negative poten-
tial. Beyond a point A the curve becomes a
straight line, that is, the change in current
is directly propertional to the change in the
grid potential and small changes in the
grid potential produce large changes in the

" current.

Considering now the system shown in Fig.
1 and assuming that no current is flowing
through the photo-electric cell 1, if current
flows through the tube 7 there will be a drop
of potential through the resistance 13 and
this will cause the grid 11 to become nega-
tive with respect to the cathode 8. The
greater the current the greater the drop in
potential in the resistance 13 and the greater
the difference in potential between the grid
and cathode. Thus as the current increases
the grid becomes more negative until a cuar-
rent value is reached at which further in-
crease is prevented by the negative potential
on the grid. The circuit should preferably
be so adjusted that this value of the current
will be small but will fall upon the straight
portion of the current curve at some value
above that represented by the point A. In
order to keep the current in the tube at the
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value desired it may sometimes be necessary

. to employ a battery 15 to impose an extra
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potentist.on the grid 11 though if the tube
is properly designed this may not be neces-
sary.’

I now current starts to flow through the

photo-electric. cell there will be 2 drop in
potential through the high resistance 6 and
this difference of potential will oppose that
through the resistance 13; that is, the poten-
tial of the grid 11 will become less negative

or positive with respect to that of the cath-

ode 8. As a result more current will flow
through the tube. This increased current
in turn causes an increased drop in poten-
tial through resistance 13. A point is finally
reached at which further increase in current
is limited by the grid potential. When this
point is reached the increase in the drop
through resistance 13 is substantially equal

to the drop through the resistance 6 and.

the increase in current through resistance
13 will bear a fixed ratio to the current
through resistance 6, which ratio is approxi-
mately the same as the ratio between the re-
Assume for example that the
drop through resistance 6 is 25 volts. If the
current curve of the device were perfectly
vertical the current through resistance 13
would increase until the drop therethrough

had increased 25 volts so that the grid po-

tential would be the same as before. Since,
however, the current curve has a certain
slant the current may increase only to a
point where the increased drop through re-
sistance 13 is 24 volts, making the grid 11

one volt less negative or more positive than
‘before. It will be apparent that the ratio

between the current through- resistance 6
and the increase in current through resist-
ance 13 will -be substantially the same as
the ratio of resistance 13 to the resistance 6.
If now the current through the photo-elec-

tric cell is increased so that the drop through .

resistance 6 increases to 50 volts the cur-

‘rent through resistance 13 will increase until

. the drop therethrough has increased 48 volts
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. purposes the measuring device 14 may be’

from what it was originally and the grid
will be two volts less negative or more posi-
tive than before. It will be apparént that
there will be the same proportionality be-
tween the two currents as before and that
this ratio will remain the same as long as
the current falls on the straight portion of
the curve. :

If the system is to be used for photometric

- calibrated to read directly in candle power
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or any suitable unit desired. It will of
course be understood that this form of my
invention is by no means limited to the
measuring of currents derived from the
photo-electric cell but will be useful in
many cases .for amplifying or measuring

-small electrical currents derived from other

1,278,627

sources. Tt will also be apparent that many
modifications of the system shown may be

“made without departing from the scope of

my invention. -
"While my invention as illustrated in-Fig.

.1 is especially suitable for the amplification

of feeble currents the principle involved in
carrying it. into effect may equally well be
applied to the operation of a device for con-
stant potential regulation. In Fig. 2 I have
illustrated an organization whereby such a
result may be accomplished. In this case I
provide an electron discharge tube 16 with
the usual cathode 17 and anode 18, and in
circuit with the grid 19 of this tube may be
connected two equal and opposing sources
of electromotive force. The first of these,
20, consists preferably of a battery of stand- -
ard cells the electromotive force of which is
constant. The second source of electromo- !
tive force is the generator 21, the potential
of which it is desired to maintain at a con-
stant value. It may be desirable in some
cases to use enough standard cells so that
the constant electromotive ' force of the
source 20 is substantially equal to the elec-
tromotive force of the generator 21. If this
is not expedient, however, a resistance 22
may be connected across the terminals of the
generator and a portion of this resistanee
shunted in such a way that the drop of po-
tential between the shunt connections 23 and
94 is normally equal to the electromotive
force of the source 20. ‘As long as the drop
in potential through the shunted resistance
is equal to the electromotive force of the
source 20 the current flow through the plate
circuit of the electron discharge tube from
a battery 80 will be constant. As soon, .
however, as this drop in potential varies I
there will be a change in the potential of
the grid 19 with respect to the cathode 17.

7%

If the positive.pole of battery 20 is connect-

ed to the grid more or less current will flow
in the plate circuit of the tube according as : -
to whether the drop of potential decreases
or increases. If the negative pole of bat-
tery 20 is connected to the grid, an increase
in the electromotive force of the generator

will cause an increase in the plate current

and vice versa. While it is not necessary

that the electromotive force of the battery

90 should have the same value as the drop

of potential in the shunted resistance 22, it

should preferably have very nearly the same
value in order-that the grid 19 may nor-
mally be at substantially zero potential. In
this case variations in the voltage of the
generator 21 above or below normal produce
corresponding positive or negative poten-
tials on the grid 19.and a small change of
potential will cause a large variation in the
current flowing through the plate circuit of
the tupe. If, however, the value of the elec-

e

“tromotive force of the battery 20 was ap- ¢
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~ less proportionally than before.
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preciably greater or less than that of the
normal potential drop through the shunted
resistance 22 the grid 19 would normally
have an appreciable voltage impressed there-

“on and the effect of small voltage varia-

tions of the generator 21 would be much
This cur-
rent variation may readily be caused to
operate upon any suitable regulating means
by means of a relay 25 in the plate circuit
of the tube. ; )
While my invention is not limited to any
particular form of regulating device, I have
indicated one simple way in which the Tegu-
lation of the generator may be accomplished.
A variable resistance 26 1s normally in se-
ries with the shunt field 27 of the generator
21. The apparatus is so arranged, how-
ever, that when the voltage of the generator
falls below the desired value the current
through the plate ¢ircuit of the electron dis-
charge tube increases, enabling the relay 25
to pick up its armature and make contact
with the upper stop 28, thereby short circuit-
ing all of the resistance and thus increasing
the field strength of the generator. A con-
denser 29 may be connected across the relay
contacts to prevent sparking when the relay
drops its armature, by reason of the increase
in voltage of the generator and the corre-
sponding decrease in the current in the plate
circuit. '
What T claim as new and desire to secure

- by Letters Patent of the United States, is:—

1. The combination of an electron dis-
charge tube having therein a cathode, an
anode and a conducting grid, two sources of
electromotive force connected. in opposition
to each other in an external circuit between
the grid and the cathode, and means co-
operating therewith whereby the two forces
are maintained substantially equal to each
other. o '

2. The combination of an electron dis-
charge tube having therein a cathode, an
anode and a conducting grid, two sources of
electromotive force connected in opposition
to each other in an external circuit between
the grid and the cathode, and means co-
operating therewith rendered operative by a
change in one of the electromotive forces
whereby the two forces are maintained sub-
stantially equal to each other. _

3. The method of operating an electron
discharge device comprising a -cathode,
anode and conducting grid which consists in
causing current to flow in an external cir-
cuit between the anode and cathode of said
device, applying two substantially equal and
opposing potentials to the conducting grid,
varying one of the potentials and utilizing
the resulting current variations in the ex-
ternal circuit to maintain the two potentials
substantially equal to each other. :

4. Means for amplifying small unidirec-

e

tional electric currents, comprising an elec-

tron discharge tube having grid and plate
circuits, a resistance which is included in
both of said circuits, and means codperating
therewith whereby an increase of current is
produced in the plate circuit of an amount
substantially equal to a given multiple of the
value of the current to be amplified.

9. Means for amplifying small electric
currents, comprising an electron discharge
tube, a resistance in series therewith, and
means codperating with the tube and resist-
ance to cause an increase in current flowing
through the tube, whith increase bears a
predetermined definite ratio to the current
which is to be amplified, which ratio is sub-
stantially independent of the operating char-
acteristic of the tube. ,

6. Means for amplifying small electric
currents, comprising an electron discharge
tube and a resistance in series therewith, a
second resistance through which the current
to be amplified may be caused to flow, and
means codperating with the tube and resist-
ances to cause an increase in the current
flowing through the tube having a ratio to
the current to be amplified: substantially
equal to the ratio of the second resistance to
the first.

7. Photometric means comprising a pho-
toelectric cell and an amplifying device elec-
trically associated with and coOperating
therewith whereby an increase in a normally
small current in said device is produced of
an amount equal to a given multiple of the
value of the current flowing through the
photoelectric cell.
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8. Photometric means comprising a pho-

toelectric cell, an electron discharge tube and
means electrically associated with and co-
operating therewith whereby an increase in
current is produced in the tube of an amount
equal to a given multiple of the value of the
current in the photoelectric cell.

9. Means for amplifying small electric
currents comprising an electron discharge
tube, a resistance through which the current
to be amplified may be caused to flow, and
means cooperating with the resistance and
the tube whereby an increase in current is
produced in the tube of an amount equal to
a predetermined given multiple of the value
of the current to be amplified, which multi-
ple is substantially independent of the oper-
ating characteristic of the tube.

10. Means for amplifying small electric
currents comprising an electron discharge
device having grid and plate circuits, a re-
sistance which is included in both of said
circuits, and a second resistance through
which the current to be amplified may be
caused to flow, and which is also included in
said grid cireuit. 4

11. Means for amplifying small electric

currents comprising an electron discharge
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" device having grid and plate circuits, a Te-
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sistance which is included in both- of said
circuits, and a second resistance through
which the current to be ainplified is caused
to flow, said second resistance being included
in the grid circuit in such a way that the
drop in potential between its terminals op-
poses the drop in potential between the ter-
minals of the first resistance when current is
flowing therein. ‘

12. Means for amplifying small electric
currents comprising an electron discharge de-
vice having grid and plate circuits, a resist-

ance which is inéluded in both of said eir-.

cuits, and a second resistarice through ‘which
the current to be amplified may be caused
to flow and which is also included in said
grid circuit, said resistances being so related
to each other that when the current to_be
amplified flows through the second resist-
ance it will cause an increase in current
through the first resistance of an amount
equal to a given multiple of the value of the
current to be amplified. .

13. An electrical amplifying system com-
prising an electron discharge device having
an incandescent cathode, an anode and a
grid inclosed in an evacuated envelop, an

_external circuit connecting said cathode and
30,

said anode, a second external circuit connect-
ing said cathode and said grid, means for im-
potential variations produced by
the current to be amplified upon the second

circuit and connections for impressing upon

the second circuit potential variations pro-
duced by current changes in the first circuit,
said connections being so arranged that the
two sets of potential variations act in oppo-
sition to each other.

14. Means for amplifying electric currents

_comprising an electron discharge device hav-

ing ‘grid and plate circuits, ‘means for im-

‘pressing upon the grid circuit potential vari-

- 1,278,637

ations pr(')duced' by the current to be am-

‘plified and a coupling between the two cir-

cuits whereby potential variations produced
by changes in the current in the plate cireuit
act in opposition to the potential variations
impressed upon the grid circuit by means
of the current to be amplified.

15. Means for amplifying electric cur-
rents comprising an electron discharge de-
vice having a cathode adapted to be heated
to incandescence, an anode and 2 grid in-
closed in an evacuated receptacle, an exter-
nal circuit connecting the cathode and grid,
means for impressing a potential upon this
circuit which is produced by the current to
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be amplified, and a second external circuit :

connecting the cathode and anode, and an

ohmic resistance which is common to both

60

circuits whereby current changes in the sec-

ond circuit are effective in producing po-
tential variations in the first circuit.
16. Means for amplifying small unidirec-

' tional currents comprising an electron dis-

charge device having plate and grid circuits
and an ohmiec resistance included in the grid
circuit through which the unidirectional cur-
rent to be amplified is caused to flow:

"147. The -method of operating an electron
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discharge device comprising a cathode,

anode and conducting grid which consists in

causing current to flow in_an external cir-
cuit between the anode and. cathode of said
device, and causing a small unidirectional
current which is to be amplified to flow
through an ohmic resistance which is in-

“cluded in an external circuit between the
.cathode and grid of said device.

In witness whereof I have hereunto set
my hand this 4th day of February, 1914. .
~ IRVING LANGMUIR.
‘Witnesses: _ .
Wiriam C. WHITE,
Bexsamin B. Hoir.
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