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to Super Sensitfive Controls Corp., a corpora-

tion of Illinois-

Application August 22, 1935, Serial No. 37,396
17 Claims. (Cl 250—415) '

The present invention relates to electronic
apparatus. - . :

The principal object of the invention is to pro-
vide improved electronic apparatus which is re-

5 sponsive to light. i :

Another object of the invention is to provide
improved electronic apparatus wherein a single
electron tube serves both as a light-sensitive de-
vice and as an amplifying device. N :

- 10  Another object of the invention is to provide
improved electronic apparatus serving as an
amplifier. i

Our invention is based on an improved rela-
tion of circuits and the establishment of certain

15 approximate conditions in association with an
electron tube, whereby the tube is caused to
operate in & manner, and with attendant phenom-
ena, which, so far as we know, have not hereto-
fore been known. As one illustration of this

20 phenomensa, by the practice of our invention we
are enabled to make a typical three-element
amplifying tube responsive to light. Such a
tube, of the high vacuum type, constructed pri-
marily for amplifying purposes, has no photo-

o5 sensitive coating of caesium, sodium, or the like
on the plate (anode) in the original manufac-
ture of the tube. Nevertheless, such & tube,
operated according to our invention, is made
highly sensitive to light, exhibiting many of the

30 properties of the conventional phototube or

. photo-electric cell, and, in addition, affording a
greater stability of operation, greater reliability,

and a longer life, than are attainable with the

conventional phototube. Furthermore, the use
35 of such a three-element tube appears to cause the

control grid to function in .an amplifying ca- .

pacity so that the range of current variation in
response to light variation is in a much larger
ratio than is - obtainable from a conventional

40 phototube. )

Other objects, features and advantages of our
invention will appear from the following detailed
description of certain preferred embodiments
thereof.

45 In the accompanying drawings,
these embodiments and illustrating a hypothesis
of operation:

Figures 1, 2, and 3 are diagrammatic illustra-
tions of different embodiments of our invention

50  functioning as light-sensitive apparatus, and em-
ploying a single tube; .

Figures 4 5, 6, and 7 are diagrammatic illustra-
tions of other embodiments utilizing the funda-
mental circuit arrangements of our invention for

amplifying purposes; and

o
&

. priate point.

fllustrating

Figure 8 is a diagrammatic illustration of an-
other embodiment using direct current in the
grid circuit. - .

- We shall first describe the invention in an al-
ternating current adaptation, wherein the plate 5
circuit is energized by an alternating current.
Referring first to Figure 1, the tube 21 is a stand-
ard three-element tube of the high vacuum type,’
commercially referred to as an R. C. A. Radiotron
or Cunningham ‘“Type T1A”. Such tube com- 10
prises a filament or cathode 22, a control grid 23,
and a plate or anode 24. In the alternating cur-
rent adaptation of the invention the source of
power supply is any 110-volt, 60-cycle lighting
circuit represented by the conductors 25, 28 con- 15
necting with the primary winding 29 of the power
transformer 28. In this embodiment the plate
circuit or work circuit of the tube is supplied
directly from the lighting circuit 25, 26, this plate
circuit comprising the conductor 24a leading o
from the plate 24 and connecting with the re-
sponsive device 31, the conductor 241 leading

‘from the responsive device to one side 26 of the

supply circuit, and the conductor 24c leading
from the other side 25 of the supply circuit to o5
the filament circuit 22, 22b connecting with the
filament winding 22¢. The actuated device 31 is
shown as a relay adapted to open and close one
or more secondary circuits, the winding -of this
relay being shunted by a condenser 32. For gg
maximum sensitivity when using a 71-A tube, the
relay is preferably between 3000 and 5000 ohms
and the condenser is preferably between 2 and 4
microfarads, the sensitivity being materially in-
fluenced by proper choice of values in this part of 35
the circuit. Other values may be desirable for
other tubes. Reference willhereinafterbemadeto
the plate current flow as given by a miliammeter
33 interposed in the plate circuit at any appro-«
- 40
The circuit for the filament 22 is represented
by the conductors 22¢ and 22b connecting with

. the secondary winding 22¢ of the transformer 28.

The conductor 2&c of the plate circuit can be con-
nected to either end or to a mid-point of the 45
secondary winding 22¢. The fllament is ener-
gized with its standard rated voltage and current,
which is approximately 5 volts and .25 ampere.

The control exercised over the grid 23 is in-
fluenced in part by certain connections which, 50
for brevity, we shall refer to as a grid circuit,
although these connections may not establish &
complete electrical circuit in the common concep-
tion of that term. This so-called grid circuit
comprises a conductor 23a leading from the grid 55




to one side 38a of an adjustable condenser 38.
From the other side 35b of this adjustable con-
denser, a conductor 235 extends to one terminal
23c of a secondary winding 23d of transformer
28. Prom the other terminal 23e of said secondary
winding, & conductor 237 extends to one side of
& condenser 36. The other side of sald condenser
is preferably connected through conductor 23g

* with ground at 23%4, although connection with &
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true “ground” is not essential, as will hereinafter
appear.

The apparatus is most sensitive to light when

the potential set up in the secondary winding
23d of the grid circuit is relatively high, and
preferably higher than the plate voltage. For
example, with a potential of 110 voits impressed
on the plate, the best resuits have been secured
when a potential of approximately 550 volts is
established in the grid circuit. Using the type of
tube referred to, and the abave ratio of approxi-

. mately 5 to 1 between the grid and plate po-
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tentials, ‘best results have been obtained when
the upper condenser 38 is adjustable in capacity
between .002 and .000006 microfarad. In this
same relation, the lower condenser 3¢ may be

" efther & fixed condenser or & variable condenser,
.best results being secured when the capacity is

ix;mtg.e neighorhood of .002 and .00025 micro-
For placing the apparatus in condition to re-
spond to light, the system is fAirst adjusted to a
stand-by condition in the absence of light, or
with minimum fight incident upon the tube, this
adjustmient preferably being performed by ad-
Justing the upper condenser 35. Increasing the
capacity of this adjustahle condenser reduces the
plate current flow in effecting this stand-by ad-
Justment, and, conversely, reducing the capacity
of this condenser increases plate current flow. A
typical stand-by condition is with a plate current
flow of approximately 5 milliamperes, as read
on the milliammeter 33 included directly in the
plate circuit. i
Light is now caused to fall upon the tube.
This may be daylight, or it may be artificial light,
such as that from any ordinary electric light
bulb. The experiments conducted by us to date
and our present hypothesis of the operation lead
us to believe that it is desirable, if not essential,
that the light fall upon the inner surface of the
plate 24, i e, upon that surface of the plate
which is subjected to the bombardment of the
electrons from the filament. In the above type
of tube, the plate completely surrounds the fila-
ment and the grid on all sides but is open at top
and bottom. "When using this tube, the light is
caused to enter the top of the tube so as to pass
down through the filament and the grid and to
fall upon an inner surface or surfaces of the
plate, approximately as indicated by the dash-
and-dot lines in Figure 1. Immedistely that light
1s thus incident upon the tube, the plate current
varies. When the apparatus is operated in the
relation described above of Figure 1, the presence
of light reduces the flow of plate current. By
subjecting the tube to a sufficient intensity of light
the plate current can be reduced from its stand-
by value of 5 milllamperes completely down to &
zero reading on the milliammeter 33, such indi-
cating either a complete cessation of plate current
flow or the reduction thereof to a value not capa~
ble of being read upon such an instrument.
Exploring operatjons conducted with an ordi-
nary 60 watt light bulb, either with or without
an appropriate lens for concentrating the rays,
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give results which indicate that the responsive-
ness of the device to light is dependant upon
light striking the inner surfaces of the plate.
‘The above type of tube has the upper ends of the
filament and grid supported by a thin supporting
plate or cap of insulating material, which is
provided with an oblong opening therein. When
the light is caused to pass straight down through
this opening so that practically no light, or a
minimum amount of light, falls directly upon the
inner surfaces of the plate, the variation of plate
current flow is barely perceptible on a milliamme-

- ter, except when the light is of relatively high in-

tensity, as for example, when the bulb and lens
are held just a few inches from the top of the
tube. Under the latter circumstances, it is pos-
sible that there is some appreciable amount of
light reflected off the surfaces of the filament and
grid wires laterdlly on to the plate. The rays
which are being caused to pass axially into the
tube fall directly on the fillament and grid and
intersect the paths of the electrons flowing from
the fllament to the plate, but the lack of any sub-
stantial response to the light rays at this time
indicates that it is not the action of the light
striking the filament and/or grid that gives rise
to the photo-sensitive action of the apparatus.
As the rays are caused to take more of a lateral
angle through the oblong opening they fall upon
the inner surfaces of the plate, and thereupon
there is-an immediate diminution in the plate
current flow. When the inclined beam of light
is in a plane parallel {o the greater dimension of
the oblong opening there is a greater diminution
of plate current than when it is in a plane parallel
to the shorter dimension of said opening. This
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is apparently merely a quantitative variatior

resulting from the rays being Incident upon a
greater area of the plate when projected through
the long dimension of the opening. Daylight and
sunlight result in the same response when caused
to fall upon the inner surfaces of the plate, and,
as above stated, when the light is of sufficient
intensity the plate current flow can be reduced
from as much as 5 milliamperes down to ap-
proximately zero flow.

The apparatus appears to respond instantly to
the application of light, at least human eye ob-

40

servations of the milliammeter deflections and of .

cathode ray oscillograph deflections do not reveal
any sensible lag. A sensible lag seems to pre-
vail, however, when light is removed or inter-
rupted, this lag being of the approximate order
of a fraction of a second to possibly a second
or 8o from a no-flow condition in the plate circuit
{o a stand-by flow of say 5 milliamperes.

The potential established in the grid circuit
is an important factor in the operation of the
apparatus. As above stated, the greatest range
of plate current change is obtained when the

- grid-plate potentials are substantially in the
" ratio of 5 to 1, 1. e., 550 volts in the grid circuit

and 110 volts in the plate circuit. Increasing

the potential in the grid circuit to 600 volts and

700 volts, etc., while retaining the plate po-
tential at its original value of 110 volts does not
increase the responsiveness of the apparatus in
proportion. Conversely, decreasing the grid po-
tential while retaining the plate potential at its
110 volts value decreases the responsiveness of
the apparatus, until a grid potential is reached
in the neighborhood of 150 or 200 volts when the
apparatus shows no sensible response to light.
It will be understood that -we have given the
above ratios and potentials for illustrating the
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practical applications of our invention to those
skilled in the art, but we do not mean to limit
our invention thereto, since other tubes now in
existence or to be hereafter produced will prob-
ably have different constants and different struc-
tural characteristics calling for different ratios
and different potentials for producing the same
general results.

The apparatus is most responsive when the
conductor 24b of the plate circuit is connected
to the ungrounded side of the lighting circuit 25,
26. The secondary winding 23d is so connected
in the grid circuit that the end 23c of sald wind-
ing will impress negative polarity on the con-
ductor 23b of the grid circuit during the same
alternation that the supply circuit 26, 26 is im-
pressing positive polarity on the plate 24, The
notations “S” and “F” are conventional trans-
former designations indicating the start and fin-
ish of the windings 28d and 29, and Figure 1
shows their proper connection for the above de-
scribed relation. A reversal of the connections
to the secondary winding 23d results in a plate
current flow which is a maximum in relation to

5 the impressed plate voltage; for example, ap-

proximately 10 milliamperes at 110 volts plate po-
tential. Adjustment of the condenser 35 mani-
fests no controlling influence at this time, and
the tube is not responsive to light.

Figure 2 illustrates a modified arrangement in
which the plate circuit receives its potential from
a secondary winding 24d on the transformer 28,
instead of directly from the supply circuit 29,
26. The connection of the secondary windings
23d and 244 in the grid and plate circuits is
such that the winding 23d impresses negative
polarity on the conductor 23b substantially at
the same instant that the winding 24d-impresses
positive polarity on the plate 24, i. e, there is
substantially 180 degrees difference in phase be-
tween the potentials impressed by these second-
ary windings on the side 35b of the adjustable
condenser 35 and on the plate 24. The con-
ductor 24c of the plate circuit is connected to
ground at 23h. In this embodiment, the poten-
tial developed in the grid circuit secondary 23d
is preferably from three to six times the poten-
tial developed in the plate circuit secondary 24d,
the aforementioned ratio of approximately 5 to 1
causing the apparatus to exhibit substantially
the same degree of light sensitivity referred to
above in connection with Figure 1. That is to
say, assuming an arbitrary stand-by condition
with a flow of approximately 5 milliamperes
through the plate circuit, the subjection of the
tube to a sufficient intensity of light, incident upon
the inner surfaces of the plate, causes the plate
current flow to diminish to approximately zero
value. .

Figure 3 illustrates a further modifled arrange-
ment, in which three separate transformers 28a,
28b, and 28c¢ are employed for energizing each
of the three tube circuits. Here again, for best
performance, the ratio of grid voltage to plate
voltage is preferably substantially 5 to 1. The
secondaries of the transformers 28b and 28c are
so connected in the grid and plate circuits that
the potentials impressed on the side 35b of the
adjustable condenser 35 and on the plate 24 are
substantially 180 degrees out of phase. The con-
ductor 24c of the plate circuit is connected to
ground 23hk. This embodiment is also operable
to cause a stand-by plate current flow of ap-
proximately 5 milliamperes to be reduced to zero
value when sufficient light is caused to fall on the

3

plate of the tube. The employment of three sep-
arate transformers for assuring complete ab-
sence of inductive coupling between the tube cir-

" cuits in such embodiment, demonstrates that the

phenomena of the apparatus in being responsive
to light is not predicated on any mutual cou-
pling between the tube circuits. .

As previously stated, it is also an object of
our invention to provide improved -electronic ap-
paratus serving as an amplifier. Figures 1, 2,
and 3 exemplify three fundamental circuit ar-
rangements, either one of which can also be used
in an amplifying capacity. Figures 4, 5, 6, and 7
show the fundamental circuit of Figure 1 con-
nected in amplifying relation to another tube

designated 41 in Figures 4 and 5. For clarity of

description, we shall refer to. the tube 41 as a
“pilot” tube. The results attained in the opera-
tion of either of these amplifying embodiments
of our invention afford helpful data in arriving
at a theory of operation, and accordingly these
amplifying embodiments will be described before
proceeding to advance our theory of operation.

In Figure 4, the pilot tube 41 is also a typical
three-element amplifying tube, such as a “71—A”.
The grid 43 of such tube is connected through
conductor 45 with the grid 23 of the tube 2f. The
plate 44 of the pilot tube is connected through
conductor 46 with ground at 41. In this ampli-
fying situation, the pilot tube 41 is made the light
sensitive element, the tube 2! remaining per-
manently shielded from light. In this arrange-
ment, the pilot tube can be operated in a cold
state, 1. e., its filament 42 need not be heated.
Assuming that the fundamental circuit arrange-
ment of the tube 21 has heen adjusted to a
stand-by condition where a plate current of ap-
proximately 5 miliamperes is passing through
this tube with little or no light incident upon the
pilot tube 41, this plate current flow will diminish
as light is caused to fall on the inner surfaces of
the plate #44 of the pilot tube. Increasing the
intensity of the light falling upon the pilot tube
is effective to reduce the plate current flow of the
tube 21 substantially to zero. Particular atten-
tion is directed to the fact that when the grid
of the pilot tube is connected to the grid of the
amplifying tube, the plate current is caused to
diminish with increasing light on the pilot tube,
this direction of plate current change corre-
sponding to that occurring in the embodiments
above described. -

Figure 5 illustrates a reversed arrangement in
which a reverse operation occurs. In this in-
stance, it is the plate 44 of the pilot tube that is
connected through conductor 45 with the grid
23 of the amplifying tube, and it is the grid 43
of the pilot tube that is connected through con-
ductor 46 with ground at 41, the filament 42 re-
maining cold as in Figure 4. The operating char-
acteristics of this embodiment are substantially
the direct reverse of the operating characteristics
of the embodiment of Figure 4. With substan-
tially the same stand-by conditions established
in the fundamental circuit arrangement of the
amplifying tube, light falling upon the plate 44
of the pilot tube causes the plate current flow
through the amplifying tube to increase instead
of decrease. The degree of change is substan-
tially the same in hoth cases, except that it is in
opposite directions. '

Figures 6 and 7 illustrate two other embodi-
ments of our invention using photoelectric cells
81 as the pilot tubes. These photoelectric cells
or phototubes may be of any conventional con-
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struction elther of the vacuum type or of the
gas filled type. These tubes usually consist of
two electrodes, namely, the anode 83 and the
photo-sensitive cathode 54. The lght-receiving
surtaceofthecathodeuisusuallycoatedwlth
a layer of alkaline metal, such as caeslum or
potassium.

Referring to Figure 6, the anode B3 of the
phototube is shown connected through the con-
ductor 4% with the grid 23 of the tube 21, and the
cathode of the phototube is connected through
the conductor 48 with ground at 41. The tube
21, now functioning as an amplifying tube, is
connected in the same fundamental circuit ar-
rangement illustrated in Figure 1. Assuming
that a stand-by condition with a desired current
flowing through the plate circuit of the amplify-
ing tube is established, the subjection of the pho-
totube §1 to light, (amplifying tube 2i meanwhile
remaining shielded from light), first causes the
plate current flow to diminish a slight amount
and thereafter to increase. That is to say, as-
suming light of gradually increasing intensity to
be projected into the phototube, the first reac-

tion in the plate circuit of the amplifying tube is

a reduction of current flow in the neighborhood
of approximately 1 milliampere, followed there-
after by a rise of plate current flow of approxi-
mately 3 to 8 milliamperes. When a vacuum
type of photoelectric cell is employed as the pilot
tube §I there is a greater subsequent rise of plate
current flow than when a gas filled type of photo-
tube is used. Both types of phototubes cause the
initial drop in plate current flow described above

_when first subjected to relatively feeble light

intensity.

Referring now to Figure 7, in this embodiment
‘ the phototube is connected in reversed relation,
i. e., the photo-sensitive cathode 54 is connected:

through conductor 45 with the grid of the tube 21
and the anode §3 is connected through conductor

. 46 with ground at 41. In this embodiment, when

70
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the phototube is subjected to light a continuous

_rise of current flow results in the plate circuit of

the amplifying tube. This action is somewhat
comparable to the action occurring in the em-
bodiment of Figure 5.

In each of the amplifying embodiments illus-
trated in Pligures 4, 5, 6, and 7, the fundamental
circuit arrangements of Figures 2 and 3 can be
used in conjunction with the tube 21, in lieu of

" the fundamental .circuit arrangement of Figure 1,

with substantially the same results in each case.
In each of the embodiments of Figures 1 to 7,
inclusive, alternating current is used in the piate
circuit and the grid circuit, such being the pre-
ferred manner of operating our apparatus. The
apparatus is also operable when using direct cur-
rent, particularly in the grid circuit. Referring
to Figure 8, this embodiment is the same as Fig-
ure 1, except that a battery or other source of
direct current 58 is connected in the grid circuit
in lieu of the secondary winding 23d. To obtain

the desired light sensitivity of the tube 2i, the

voltage of this battery must be relatively high.
Approximately the same aforementioned ratio of
5 to 1 between grid circuit voltage and plate cir-
cuit voltage gives satisfactory results, altho a
lower ratio can be used where a relatively high
degree of sensitivity is not desired. It is signifi-
cant that for satisfactory results the negative
terminal of said battery 58 should be connected
to conductor 23b for making the plate 35b of
the variable condenser 38 negative. This would

2,008,217

indicate that in the alternating current ewu...-

ments of Figures 1 to 7, inclusive, it 1s the estab-
lishment of a negative condition on the con-
denser plate 350 by those alternations which im-
press negative polarity on this condenser ter-
minal that places the grid in proper condition or

state of balance for rendering the tube sensitive -

to light.. A battery or other source of direct cur-

rent can also be interposed in the grid circuits
of Figures 2 and 3 to take the place of the trans-
former windings 23d with satisfactory results in
each instance; and, correspondingly, these em-
bodiments of the apparatus can be utilized in the
amplifying arrangements of Figures 4 to 7, in~
clusive. - The filament or cathode 23 can be ener-
gized by direct current if desired, and irrespec-
tive of the current used the cathode can be of
the directly or indirectly heated type, as desired.

In the preceding description we have referred
to the tubes 21 and 41 as being of the type com-~
monly designated as “71—A”, Our specific ref-
erence to this tube is solely for the purpose of
giving definite values in changes of light cur-
rent flow under certain -operating conditions.
Experimental tests show that the present inven-
tion is not limited to the use of this specific tube
functioning in the capacity of the tubes 21 or 44
of our disclosure, since numerous other tubes
of this same general class give corresponding re-
sults in the same fundamental circuit arrange-
ments of Figures 1 to 7, inclusive, although pos-
sibly different values in change of plate current
flow, etc.

Our proposed theory of operation, which ap-
pears to be completely supported by experimental
results oblained from the embodiment of Figures
1 to 8, inclusive, is: (1) that a coating of light-
sensitive material is transferred from the cathode
and is deposited on the plate 24 during the use
of the tube; (2) that when this light sensitive
coating on the plate is subjected to light it results

in an electronic emission trom the plate, par-.

ticularly when the plate is negative. The first
hypothesis that a coating of light-sensitive ma-
terial is deposited on the inner surfaces of the
plate 24 with continued use of the tube appears
to be definitely substantiated by experimental
proofs. As originally constructed, the plate of

a 71—A tube has no coating of light-sensitive

material thereon. The cathode of such a tube is
of the directly heated type wherein the electrons
passing to the plate are emitted directly from the
filamentary wire, and this filament is coated with
an alkaline-earth, such as an alkaline-earth
oxide, which material is photo-sensitive to a
marked degree, i. e., it emits electrons in the
presence of light. Upon the assembly of these
tubes in the factory, they are all subjected to a
relatively brief testing operation before ship-
ment. Experimental results indicate that this
brief testing operation results in a limited amount
of the fllamentary coating being carried over
from the filament to the plate along with or as
& part of the flow of electrons and being de-
posited on the plate; and that continued oper-
ation of the tube over a longer period of time
increases the amount of photosensitive material
which is carried over to the plate and deposited
thereon. The difference in results obtained when

Arst using a brand new tube secured directly

from stock, and when using this same tube after
a certain conditioning operation, would support
this theory. A new tube gives the same char-
acter of response when used either as the tube 21
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in Figures 1, 2, 3, and 8, or the tube 2f or 4l
in PFigures 4, 5, 6, and 7, except that such new
tube does not have as much sensitivity or re-
sponsiveness as has been pointed out above.
However, by subjecting the tube to a certain
conditioning operation which we have developed
for the purpose, the sensitivity or response -of
the tube can be greatly increased. This condi-
tioning operation is that of producing an elec-
tronic flow from the filament to the plate for
a substantial time interval, say for one or two
hours or more. The filament is heated with its
rated current flow, and the rated positive poten-
tial is impressed on the plate, the grid mean-
while being retained neutral or preferably posi-
tive for securing a maximum electronic discharge
from the filament to the plate.  The plate po-
tential at this time is preferably direct current,
although alternating current can be used, the
latter merely necessitating a longer conditioning
peribd. The conditioning interval can be short-
ened by utilizing a higher plate potential, or a
higher filament current, or both, but this intro-
duces the possibility of injuring the tube. It
would appear that this conditioning operation
results in a greater amount of the light-sensitive
filamentary coating being carried over to the
plate and deposited thereon, because after such
conditioning operation the sensitivity of the tube
is increased to a marked degree.

The other hypotheses that this coating of light
sensitive material on the plate emits electrons
in the presence of light, and that these electrons
enable positive charges to be dissipated from the
grid, appear to be supported by the results ob-
tained in the embodiments of Figures 4 and 5.
Referring to Figure 4, the fact that when light
is projected on the plate 44 of tube 41 (a conven-
tional three-element tube with the filament in
a cold state) there is an immediate diminution
of plate current fiow through tube 21 would in-
dicate that grid 23 of tube 21 has been placed
in & less positive or more negative condition.
Positive charges have apparently been dissipated
from this grid over conductor 45 to grid 43, and
thence over the stream of electrons to the plate
44 and through conductor 46 to ground. These
positive charges apparently flow in a direction
opposite to the direction of flow of the electrons,
similarly to the commonly accepted sense of a
current flow in a direction opposite to the flow
of the electrons. Referring to Figure 5, the fact
that the plate current flow through tube 21 in-
creases as light is projected on tube &1 would
indicate that the grid 23 of tube 21 is caused
to acquire a more positive or less negative condi-

tion. This would indicate that positive charges |

are conducted from ground 47 through conduc-
tor 46 to grid 43, and thence over the stream of
electrons to plate 44, in a direction counter to
the flow of electrons, and. through conductor 45
to grid 23. Both of these embodiments demon-
strate a photosensitive property in the tube 41,
and the opposite results obtained by reversing
the connection of this tube in the circuit would
indicate that there is an electronic emission from
the plate 44 of said tube in the presence of light.

In Figure 6, the fact that the plate current
flow through tube 21 first diminishes when rela-
tively feeble light is projected on the photo-
tube 51 indicates that positive charges are being
conducted from grid 23 through the photo-tube
51 to ground at 47. The fact that the plate cur-
rent flow rises when a greater intensity of light
falls upon the photo-tube 51 indicates that there

5

is a plate-grid current flow from plate 24 to grid
23 and thence through photo-tube 5f, which
plate-grid current flow renders the grid 23 more
positive or less negative.

Referring to Figure 7, the fact that the plate
current flow through tube 21 rises from the time
minimum light falls on the photo-tube 51 until
maximum light falls thereon indicates that there
is & conduction of positive charges from ground
471 through the photo-tube to the grid 23.

The following theory is advanced as a basis for
explaining the novel functioning of the tube 21
in controlling the current flow in the load cir-
cuit in response to change in intensity of light
either on the plate 24 itself or on the “pilot”
tubes 41 and §1. It will be understood that this
description is not to be considered as limiting our
invention in any way but rather it is to be con-
sidered merely as a means for more clearly un-
derstanding it.

Considering first the circuit arrangements il~
lustrated in Figures 1, 2, and 3 of the drawings,
it will be recalled that the potentials of the grid
23 and the plate 24 are opposed to each other,
That is, at the instant when a positive poten-
tial is applied to the plate 24, a negative poten-
tial is applied to the grid 23, both of these poten-
tials being relative to the filament or cathode 22,
Since the windings 23d and 24d, Figure 2, are
connected in additative circuit relation they may
be considered as being a single winding of a
transformer one terminal of which is connected
through the load circuit including the relay 31 to
the plate 24 while the other terminal is connect-
ed through the condenser 35 to the grid 23. A
tap is taken off of this winding at an appropriate
position intermediate the terminals and is con-
nected to ground or at least it is connected to
the cathode 22. Thus, during the half-cycle of
the alternating current when a positive poten-
tial under these conditions is applied to the plate
24, a negative potential is applied to the grid 23.
During this half-cycle the tube 21 is conducting
to an extent which is determined by the poten-
tial of the grid 23 with respect to the cathode
22. That is, the more negative that the grid is
with respect to the cathode 22 during this half-

_cycle the less current will be conducted through

the tube since a smaller number of electrons will
be permitted to leave the heated cathode 22 for

bombarding the plate 24. It will then be ob-~

served that by changing in an appropriate man-
ner the negative potential of the grid 23 with
respect to the cathode 22, a control of the
amount of current conducted by the tube 21 may
be effected.

During the next half-cycle of the alternating
current the grid 23 becomes positive with re-
spect to the cathode 22 while the plate 24 be-
comes negative. Since current is conducted only
during the time when the plate 24 is positive, no
current will be conducted by the tube 21 at this
time. However, electrons will bombard the grid
23 during this half-cycle since it is positive rela-
tive to the cathode 22. As a result a negative
charge will be acquired thereby, which to a cer-
tain extent, will leak off through the grid circuit
and through the various parts of the tube 2i.
It will be understood that these other paths are
formed by the electrostatic capacity between the
grid 23, the plate 24, the cathode 22, and the
structure of the tube 21 itself. '

A portion of the negative charge acquired by
the grid 23 will remain during the next half-cycle
at which time the plate 24 becomes positive and
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the grid 23 becomes negative. Finally an average
negative potential of the grid 28 will result when
a balance is finally reached between the number
of electrons bombarding the grid 28 during the
half-cycle when it is positive and the number of
electrons which it loses due to leakage. If now
the voltage which is applied between the cathode
22 and the grid 23 is Increased there will be an
increased thermionic flow to the grid from the
cathode 22 guring the half-cycle when the plate
24 is negative, more electrons will remain on the
grid 23 during the next half-cycle and as a
result the average negative grid voltage is in-
creased with a consequent result of a decrease
in the flow of current through the valve 21 during
the half-cycle when the plate 24 is positive.

- After a very few cycles of the alternating cur-
rent the balanced condition will be reached and
a constant current will flow through the tube
21 and through the load circuit including the
relay 3. Assuming now that light rays are di-
rected onto the plate 24 as indicated in the draw-
ings, there will be an emission from the plate
24 during the half-cycle when it is negative and
the grid 23 is positive relative thereto. Addi-
tional electrons will, therefore, be received by the
grid 23 in addition to those which it is receiving
during this half-cycle from the cathode 22. As
a result the grid 28 will become still more nega-
tive than before. In other words the average

- negative voltage of the grid 23 will be increased
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relative to the cathode 22. During the next
half-cycle when the plate 24 is positive, there
will be a reduction in the number of electrons
emitted by the cathode 22 and arriving on the
plate 24 because of the control exerted by the
grid 23. ‘This control will be a function of the
number of electrons reaching the grid 23.from
the plate 24 which, in turn, is a function of the
intensity of the light rays. When the grid 23 is
made sufficiently negative relative to the cathode
22 no electrons from the cathode 22 will reach

the plate 24 during the half-cycle when the.

plate 24 is positive and, therefore, no current
will flow through the tube 21.

A similar result occurs when the circuit con-
nections shown in Figure 4 of the drawings are
used. During the half-cycle when the grid 23
is positive, the grid 43 of the “pllot” tube &1
is also positive and as a result the grid 43 will
receive a negative charge which will be con-
ducted through conductor 45 to the grid 23. The
average negative potential of the grid 23 rela-
tive to the cathode 22 will then be increased with
& corresponding decrease in the conductivity
of the tube 21. .

‘When the connections for the “pilot” tube &1
are reversed, as shown in Figure 5 of the draw-
ings, there will be an Increase in the number of
electrons which reach the plate 28 during the
half-cycle when it is-positive since the average
negative potential of the grid 23 will be de-
creased. This decrease in the average nega-
tive potential of the grid 23 is due to the in-
creased leakage from the plate 44 to the grid
43 during the half-cycle when the plate 24 is
positive. )

The functioning of the circuit shown in PFig-
ure 6 of the drawings may be explained on this
same basis. For low illumination of the photo
electric cell 81 electrons will arrive on the anode
$3 which is connected to the grid 23 during the
half-cycle of the alternating current when the
plate 24 is negative and the grid 23 and the
anode 83 are positive. For this range of opera-
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tion the average negative potential of the grid
23 will be increased with the result that the
tube 21 is less conducting. However, with an
increase in illumination on the photo electric
cell §i the leakage through it predominates with
the result that the negative potential on the grid
23 is drained off, thereby decreasing the aver-
age negative potential of the grid 23 and con-
sequently increasing the conductivity of the
tube 21 and a corresponding increase in current

. flow in the load circuit results.

In the circuit shown in Figure 7 of the draw-
ings the leakage effect of the photo electric
cell §1 alone controls the potential of the grid

. 23. Since the cathode 54 is connected to the

grid 23, any illumination received thereby will
cause an increase in the photo electric current
between the cathode 54 and the anode 53 thereby
forming a conducting path through which the
negative potential on the grid 23 will be drained
off with a consequent continued increase in the
conductivity of the tube 21 as a function of the
degree of illumination applied to the cathode 54.

The so-called grid “circuit” seems to exert its
influence on the operation of the tube solely
through an electrostatic or capacity effect. A
complete circuit is not necessary, in that the
conductor 23¢ can be completely disconnected
from any actual ground, and the same charac-
teristic operation will follow. ‘The ground, how-
ever, enables the apparatus to be operated with
a lesser degree of capacity at the variable con-
denser 38. With conductor 23g disconnected
from ground 237, the condenser 385 must be ad-
justed close to its maximum capecity, whereas
with the conductor 23¢g connected to ground, the
condenser 3% may be adjusted for a lesser amount

_ of capacity. Assuming the apparatus to have

been adjusted so that the tube 21 is sensitive to
light, the establishment of a shunt across the
condenser 35 results in the plate current flow
falling to zero. With this condenser still shunted,
a reversal of the terminals of secondary winding

_23d or a reversal of the terminals of the battery

58 (Figure 8) in the grid circuit results in a
plate current flow of approximately 10 or 12
milliamperes, and at this time the tube is not
sensitive to light. As previously stated, a re-
versal of the connections of the secondary wind-

"ing 23d or of the battery §8 in the grid circuit,

with no shunt established across the condenser
35, results in an increased plate current flow
from its stand-by value to approximately 10 or
12 milliamperes.

The length of the conductor 23a exerts an ap-
preciable influence on the performance of the
apparatus. Increasing the length of this con-
ductor apparently increases the positive condi-
tion of the grid 23 because it results in increased
plate cuwrrent flow. With this longer length of
conductor, the plate current flow can be brought
down to its normal stand-by value by increasing
the capacity of the variable condenser 35. When
the length of this conductor 23a is increased, the
sensitivity or response of the tube 21 to light is
reduced. The shorter the length of this conduc-
tor from the grid 28 to the adjustable condenser
35, the more sensitive the tube is to light changes.

In the above described embodiment of Figures
1, 2, 3, and 8, the tube 21 is functioning both in
the capacity of a light sensitive device and as an
amplifier. This follows from the fact that within
this single tube two actions are taking place,
namely, the light responsiveness of the tube is
controlling the charged condition of the grid, and
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the charged condition of the grid is controlling
the plate current flow. .

In accordance with the teaching of our inven-
tion, we contemplate an improved construction of
grid controlled electron tube in which a photo-
sensitive material is incorporated in the plate or
is coated thereon during the manufacture of the
tube. Such material may be caesium, rubidium
or any of the well known photosensitive materials.
Such a tube would preferably embody a cathode
and a grid arranged more or less similarly to the
arrangement of these elements in tubes 21 and
41, so that the grid would be in position to influ-
ence the electrons emitted from the cathode and
in position to influence the electrons emitted from
the photosensitive material of the plate. Such &
tube would preferably have a larger opening in
the top insulating cap, or would have the cap
eliminated entirely, in order to permit a greater
volume of light to fall upon the effective surfaces
of the plate. 'The operation of such a tube would
be generally the same as the operation of the

tubes above described, except that the greater

concentration of photosensitive material on the
plate would result in & greater density of elec-
tron emission from the plate in the presence of
light.

We believe our invention to be of a fundamental
nature and broadly new. Accordingly, while we
have illustrated certain preferred embodiments

_thereof and certain preferred methods of carrying

the invention into effect, nevertheless it will be
understood that these are merely exemplary and
that numerous variations and modifications may
be made therein without departing from the broad
scope of the invention.

We-claim:— :

1. Light sensitive apparatus including a tube
comprising a filament, grid and plate, a trans-
former comprising a primary and two secondary
windings, said primary winding being adapted to
be connected to an alternating current supply
circult, 2 plate circuit connecting directly with
said supply circuit, & filament circuit connecting

one of said secondary windings with said fila-

ment, a grid circuit including the other secondary
winding having one end connected to said fila-
ment, and a variable condenser connected be-
tween the other end of said latter secondary wind-
ing and the grid, said latter secondary winding
impressing on said variable condenser a potential
which is out of phase with said latter potential,

said apparatus functioning to reduce the flow

of current in said plate circuit when said plate is
subjected to light. ’ .

2. Light sensitive apparatus including a tube
comprising a cathode, grid and plate, the surface
of said plate which is subjected to bombardment
by the electrons from said cathode being coated
with a light-sensitive material, means for heat-

ing said cathode, a transformer comprising pri-

mary and secondary windings, said primary wind-

ing being adapted to be connected to an alternat-

ing current supply circuit, a plate circuit con-
nected to said supply circuit, and a grid circuit
connected with said secondary winding, one end
of said secondary winding being connected to
said filament, and a variable condenser connected
between the other end of said secondary winding
and said grid, said secondary winding impressing
on said variable condenser a potential which is
out of phase with said latter potential, sald ap-
paratus functioning to reduce the flow of current
in said plate circuit when the light sensitive coat-
ing on said plate is subjected to light.

7

3. Light sensitive apparatus including a tube
comprising a cathode, grid and plate, the surface
of-said plate which is subjected to bombardment
by the electrons from said cathode being. coated
with a light-sensitive material, means for heating
said cathode, a transformer comprising two sec-
ondary windings, a plate circuit connected to one
of said secondary windings, and a grid circuit
connected to the other of said secondary windings,
one end of said secondary winding being con-
nected to said cathode, and a variable condenser

-connected between the other end of said latter

winding and the grid, said latter winding im-
pressing on said variable condenser a potential
which is out of phase with said latter potential,
sald apparatus functioning to reduce the flow of
current in said plate circuit when the light sensi-
tive coating on said plate is subjected to light.

4. Light sensitive apparatus including a tube
comprising a cathode, grid and plate, the surface
of sald plate which is subjected to bombardment
by the electrons from said cathode being coated
with a light-sensitive material, means for heat-
ing said cathode, a grid circuit and a plate cir-
cuit, separate transformers for energizing said
circuits, said grid circuit including the secondary
winding of the transformer individual thereto
having one end connected to said cathode, and a

variable condenser connected between the other-

end of said secondary winding and the grid, the
transformer supplying said grid circuit impressing
on said variable condenser a potential which is
out of phase with said latter potential, said ap-
paratus functioning to reduce the flow of cur-
rent in said plate circuit when the light sensitive
coating on said plate is subjected to light.

5. Light sensitive apparatus including a tube
comprising a cathode, grid and plate, means for

“heating said cathode, a plate circuit including a

source of alternating current, a grid circuit in-
cluding a source of potential, said grid ecircuit
comprising a first condenser connected between
one terminal of said source of potential and the
grid, the other terminal of said source of poten-
tial being connected to said cathode, said source
of potential impressing on said first condenser a
potential which is out of phase with the potential
impressed on said plate, said apparatus respond-
ing to the presence of light on said plate by a
reduction of current flow in said plate circuit.

6. Light sensitive apparatus including a tube
comprising a cathode, grid and plate having a
light sensitive coating, means for heating said
cathode, a plate circuit including a source of
alternating current, a grid circuit including a
source of potential, said grid circuit comprising
a condenser interposed between said source of
potential and the grid, and means for changing
the conductivity of said tube, in response to the
presence of light on said plate by a reduction of
current flow in said plate circuit. ‘

7. Light sensitive apparatus including a tube
comprising a cathode, grid and plate having a
light sensitive ccating, means for heating said

cathode, means for impressing an alternating cur-.

rent potential on said plate, a condenser having
one terminal connected to said grid, means for

Jimpressing on the other terminal of said con-

denser an alternating current potential opposite
in phase from that impressed on said plate, and
means for changing the conductivity of said tube
in response to light incident on said plate by a
reduction of current flow in said plate circuit.

8. In apparatus of the class described, the com-
bination of an enclosure, a heated member with-
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in sald enclosure for emitting electrons, a sec-
ond member within said enclosure emitting elec-
trons in the presence of light, a common control
element within said enclosure influencing the
flow of the electrons emitted from both of said
members, and circuit means for connecting a

- source of alternating potential between said sec-

. -ond member and sald common control element
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in such manner as to cause said control element
to receive electrons from said heated member
and sald second member during the half cycle of
the alternating potential when said second mem-

_ber is negative relative to sald heated member

and sald control element.

9. In apparatus of the class described, the
combination of an enclosure, a heated cathode
member within said enclosure for emitting elec-
trons, an anode member within said enclosure to-
wards which said electrons are adapted to be pro-
Jected, sald anode member also emitting electrons

in the presence of light, a common control ele-

ment disposed between said members for in-
fluencing the flow of the electrons emitted from
both of said members, and circuit means for con-
necting a source of alternating potential between
sald anode member and said common control
element in such manner as to cause said control
element to receive electrons from said cathode
and sald anode during the half cycle of the alter-~
nating potential when sald anode is negative
relative to said cathode and said control element,

10. A translating system comprising, in com-
bination; an electric valve having an anode, a
cathode and a control electrode, said anode be-

ing disposed to emit electrons on application of.

light thereto; means for applying an alternating
potential between said anode and cathode, means
for blasing said control electrode to a potential
negative with respect to said cathode, and means
connected to be responsive to the change in cur-
rent flow through said valve on application of
light to said anode. :

11. A translating system comprising, 1n combi-
nation; an electric valve having an anode, a
cathode and a control electrode, said anode being
disposed to emit electrons on application of light
thereto; means for applying an alternating po-
tential between said anode and cathode, means
for applying an alternating potential between said
cathode and control electrode opposite in phase
to the potential applied between said anode and
cathode, and means connected to be responsive
to the change in current flow through said valve
on application of light to said anode.

12. A translating system comprising, in combi-
nation; an electric valve having an anode, a
cathode and a control electrode, said anode being
disposed "to emit electrons on application of light
thereto; means for applying an alternating po-
tential between said anode and cathode; means
for blasing said control electrode to a potential
negative with respect to said cathode, impedance
means interconnected between sald biasing means
and said control electrode for decreasing the
leakage of negative charges therefrom, and means
connected to be responsive to the change in cur-
rent flow through sald valve on application of
light to said anode.

13. A translating system comprising, in combi-
nation; an electric valve having an anode, a
¢athode and a control electrode, said anode being

2,008,317

disposed to emit electrons on application of light
thereto; means for applying an alternating po-~
tential between said anode and cathode, means
for applying an alternating potential between said
cathode and control electrode opposite in phase to
the potential applied between said anode and
cathode,impedance means interconnected between
said last named means and said control electrode
for decreasing the leakage of negative charges
therefrom, and means connected to be responsive
to the change in current flow through said valve
on application of light to said anode.

14. A translating system comprising, in combi-
nation, an electric valve having an anode, a
cathode and & control electrode; means for ap-
Plying em alternating potential between said
anode and cathode, means for biasing said con-
trol electrode to a potential negative with respect
to said cathode, means for increasing the negative

‘potential of said contro] electrode as a function of

light - intensity, and means connected to be re-
sponsivetothechange in current flow through said
valve in response to change in said light intensity.

15. A translating system comprising, in com-
bination, an electric valve having an anode, a
cathode and a control electrode;. means for ap-~
plying an alternating potential between said
anode and cathode, means for applying an alter-
nating potential between said cathode and control
electrode opposite in phase to the potential ap-
plied between said anode and cathode, means for
Increasing the negative potential of said control
electrode as a function of light intensity, and
means connected to be responsive to the change
in current flow through said valve in response to
change in said light intensity.

16. A translating system comprising, in combi-
nation, an electric valve having an anode, a
cathode and a control electrode; means for ap-
plying an alternating potential between said
anode and cathode, means for applying an alter-
nating potential between said cathode and con-
trol electrode opposite in phase to the potential
applied between said anode and cathode, im-
pedance means interconnected between said bias-
ing means and said control electrode for de-
creasing the leakage of negative charges there-
from, means for increasing the negative potential
of sald control electrode as a function of light

intensity, and means connected to be responsive

to the change in current flow through said valve
in response to change in said light intensity.

17. A translating system comprising, in combi-
nation, an electric valve having an anode, &
cathode and a control electrode; means for apply-
ing an alternating potential between said anode
and cathode, means for applying an alternating
potential between said cathode and control elec-
trode opposite in phase to the potential applied
between said anode and cathode, impedance
means interconnected between said last named
means and said control electrode for decreasing
the leakage of negative charges therefrom, means
for - increasing the negative potential of said
control electrode as a function of light intensity,
and means connected to be responsive to the
change in current flow through said valve in re-
sponse to change in said light Intensity.

FRED B. AUBERT.
JEROME ROSSETTI.
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