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the present invention relates to light responsive control
circuits and more particularly to circuits for control of
the dimming switch of automobile headlamps. The circuit
ot tire present invention while similar in many respects to

those disclosed and claimed in my copending applications,
serial No. 411,208, filed February 18, 1954, and Serial
Mo, 433,959, filed June 2, 1954, comprises an improve-

ment over such circuifs in a number of important respects.

ihe present invention includes also a novel electron tube .

construction particular] 1}’ designed Eor use m the improved

circuit,
The present circuit, hk_e those of my - said copending
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This result is obtained by a cathode-grid spacing large

enough to avoid “island formation” on the cathode, as
will be explained in more detail hereinafter. |

Still another feature of the invention is the means for
preventing “motor boating” should too rapid action re-
sult from the utilization of the inherent capacity between
the control grid of the first half of the double tetrode and
the ancde of the second half thereof. These means, which
comprise a relatively large capacitor connected between
the anodes of the double tube, also serve to filter out from
the circuit any A. C. hum or ripple which mlght be pres-

‘ent 1n the circuit.

(Other features of the mventm»n mcludmg novel means
for mounting the photoelectric and double tetrode tubes
as a umt, will become apparent as the description pro-
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applications, comprises in general a photoelectric tube,

prefer ably a diode, which when subjected to light causes

increase in current through an electronic multi-element -

iube, in the present circuit through the first half of a
double tetrode embodying features of the new tube con-

struction, an oscillatory circuit coupled to the electronic
tube and so connected in the circuit as to be quiescent

except when light is incident on the photocathode of the
photoelectric tube and a relay control tube connected to
the oscillatory circuit to receive controlhng pulses there-
from when the photoelectric tube is subjected to light.

The relay control tube is normally conductive to hold

energized in its plate circuit a sensitive relay which, upon

release of its armature, closes contacts controlling the cir- -

cait of a power relay. Positive pulses delivered by the

ascillatory circuit when light of given intensity is incident

on the photocathode of the photoelectric tube drive nega-
tive the grid of the relay control tube by virtue of the
self~rectifying propertics of the cathode-grid circuit of the

relay control tube to cause release of the sensitive relay

a0
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For a better understandmg of the invention and of the
novel features thereof reference may be had to the
accompanymg drawings of which:

FFig. 1 15 a schematic diagram of the new c1rcu1t |

Fig. 2 is a side view of the new double tetrode of the

| mvenﬂon

Fig. 3 is an exploded 130metr1c view of the unit com-

prising the phomelectrm tube, double tetmde and housing

therefor;

Figs. 4 and 5 are diagrammatic views explanatory of
the electrode spacing of the double tube; and

‘Figs. 6 and 7 are graphs for use in exPlanatmn of the

operation of the circuit. o o |
The general circuit will first be described with refer-

ence to Fig. 1. The overall operation of the circuit except
for the variations introduced by the new double tetrode
and the connections thereto is substantially like the circuit
of my said copending application Serial No. 433,959 and

- therefore such parts of the present circuit as correspond
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and consequent operation of the dimming switch by the

power relay. To prevent return to the high beam con-
ditions when an applmcmmg car dims 1ts headlights

the circuit includes means for increasing the sensitivity to

incident light after release of the sensitive relay.
A reature of the present invention comprises the elec-
trode mounting within the double tetrode which yields an

innerent capacity between the control grid of the first half |

il

of the tube and the anode of the second half of the tube

of a value such as to insure rapid response to change in
itensity of incident light.

Another feature of the invention, also resultmg from
the construction of the novel double tetrode, 1s the pro-
vision of means to insure that the initial po’sition of the

relay contact will be that corresponding to low beam

conditions. This result is obtained by sc constructing the
cathode heaters of the new tube that the first half of the
tube
the circuit 1s first energized.

warms up befere the second half of the tube When_-

GO

filter.
vides operating energy for the tubes 4, 8 and 19.

Anocther feature of the invention also involving the
construction of the new double tetrode is the arrange-

ment Whereby compensation is obtained for change in |

cathode emission, the change in grid bias with change in

to like parts of the circuit of the said application will be.
but briefly described. For a more complete description
reference may be had to the said copending application.

In general the system comprises a photoelectric tube 2
positioned together with the new double tetrode 4 within.
a housing or head indicated by the dotted lines 6 of
Fig. 1 and shown in more detail in Fig. 3, and a double
tricde 8 connected as a multivibrator and serving to im-
press control pulses upon the control grid of a relay con-

trol tube 16 when light is incident upon the photocathode

of the tube 2. The relay control tube 18, in the absence |
of light, is conducting to maintain energmed the winding

of a relay 12 which relay over its armature 14 controls
tne circuit of a power relay 6. A car carried battery 18

of nominally twelve volts has its negative terminal

grounded and its positive terminal connected to one end
of the winding of ‘power relay 16. The positive terminal
of the battery 8 is also connected through the winding
of relay 12 to the anode of the relay control tube 1§. A
voltage regulator tube 20, connected in series with re-
sistors 22 and 24 across the battery 18, prowdes a regu-
lated voltage, approximately eight volts, in a line 26 con-
nected to the ]unc:tlon of regulator tube 2% and resistor
2Z. A line 28 is connected to line 26 through a low re-
sistor 3%, which, with a by-pass capacitor 32, serves as a
The line 28 of regulated and filtered voltage pro-

The photocathode of tube 2 is connected to the contro!
grid 34 of the first half of the double tube 4. To avoid
leakage current between electredes of different potentials .

.the connection to the control grid 34 is through a top cap |
of the tube, as indicated in Fig.

1 by the bracket 3.

- The .cathode of the first half of the tube 4 is grounded

70

cathode emission being just sufficient to compensate for

change in plate current with change in cathode emission,

and the anode 38 thereof connected through an adjustable
resistor 40, serving as the “hold control,” to line 28.

The No. 2 or screen grid of the first half of the tube is
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connectad through a resistor 42 to line 28 for reception

of positive potentlal therefrom, and through an adjustable

resistor 44, serving as the “dim control,” to the front con-
tact associated with the armature of relay 12. Thus when
relay 12 releases to cause operation of the dimming
switch the potential of the screen grid of the first half
of the tube 4 is raised to increase the sensitivity of the
circuit and prevent return to high beam conditions when
the lights of an approachineg car are dimmed.

When the photoelectric tube is not conducting, due to
absence of light, electrons from the heated cathode of the
first half of the tube 4 charge the control grid 34 nega-
tively and thereby maintain low the current through that
half of the tube. -The second half of tube 4 operates as
a phase inverter and amplifier. The control grid thereof
is connected to the anode 38, the screen grid is connected
to line 28 and the anode 46 thereof is connected through
a dropping resistor 48 to line 23. The cathode of the
second half of the tube 4 is operated at above ground

potentia] by virtue of connection to the ]unctmn of a pair

of resistors 50 and 52 connected in series between the
eight volt line 28 and ground. Thus when the current

through the first half of the tube 4 is a minimum because

of insufficient light on the photccathode of tube 2, the
potential at the control grid of the second half of the
tube will be high enough to permit that tube to conduct.

The anode 46 of tube 4 is connected through a resistor

vl |

4

is connected to the cathode of a diode 78, the anode of
which is connected to the junction of the control grid
and its bias resistor 80. When signals are impressed
upon the control grid of tube 10 negative voltage pulses
will appear at the anode of the tube. These negative
pulses are applied through capacitor 76 to the cathode
of the diode 78. The potential at the anode of this diode

- will thus be driven to the Iowest potential occurring

10
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54 to the control grid 56 of the first half of the oscillator

tube 8, which half is normally non-conducting because
the cathode thereof is at above ground potential by virtue
of a connection to the junction of resistors 58 and 68
connected 1n series between the eight volt line 28 and
- ground. The second haif of tube 8, of which the cathode
1s grounded and the contro] grid connected through a re-

sistor 62 to line 28 will thus pass a steady current under -

conditions of low incident light. No pulses will be trans-
mitted from the anode 64 of the second half of the tube
either to the control grid of relay control tube 19 through

a capacitor 66 or to the control grid 56 through a capaci-
tor 68.

When llght is incident on the photocathode of tube 2
the negative charge accumulated by control grid 34 will

leak off through the tube 2 increasing the current through
first half of tube 4. Consequently the potential of the

control grid of the second half of the tube falls, reducing 4

the current through that half of the tube and causing 2
positive potential to be impressed upon the control grid
56 of the first half of the oscillator tube 8. Consequently
the first half of tube 8 will conduct and a negative pulse
will be transmitted frem the anode thereof through a
capaCItor 70 to the control grid of the second half of that
tube. The potential at anode 64 thereupon rises and a
positive pulse is transmitted through capacitor 66 to the
No. 2 or control grid of the relay control tube 19 and
through capacitor 68 to control grid- 56. When the
charge on capacitor 70 is dissipated through resistor 62
conduction by the second half of tube 8 is resumed and
the potential of control grid 56 is driven below cut-off.
If, however, light is stil incident on the photocathode
of tube 2, the potential of grid 56 will rise again and the
cycle will repeat with a continued creation of positive
pulses at anocde 64. The positive pulses thus appearing
at the anode of the
presence of a light signal result in depressing the potential

of the control grid of the relay control tube 18 by virtue |

of the self-rectifying properties of the cathode grid circuit
of that tube. Consequently as the pulses continue the

relay 12 releases to cause energization of the power relay =

16 and opening of the circuit through the- dun control
resistor 44.

In order to increase the bias of the control grid of the

relay control tube 18 during the présence of a light SIgnal |

a- circuit comprising a resistor 74 and capacitor 76 is
connected between the anode of the relay control. tube

and gr ound and the junction of the resistor and capacm}l 7 a 46 SO that thera will be a s

second half -of tube 8 during the

sl
G
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during each such pulse and the negative charge on ca-
pacitor 66 will thereby be enhanced. Thus during the
presence of signals additional negative potential is auto-
watically applied to the control grid of the output tube
16. When the signals cease discharge of capacitor 66
through resistor 80 restores normal grid bias.

The circuit so far described differs in no substantial
respect from that of the aforesaid copending application.
The circuit of the present invention includes means, not

heretofore disclosed, for increasing the rapidity of re-

sponse to change in light intensity. These means are
symbolized in Fig. 1 by the capacitor indicated in dotted
lines at 82 as connected between the control grid 34 of
the first half of tube 4 and the anode 46 of the second

half of the tube. With a small capacitor, connected as
symbolized at 82, when conduction through the second
half of the tube begins to decrease as a result of incidence
of light the rise in potential at the anode 46 will be
immediately reflected as an increase in potential at control
grid 34. Consequently the potential of grid 34 rises
more rapidly than if dependent only upon the photo-

electric current and more rapid response of the circuit is

assured. If, as in the circuit of application Sertal No.
433,959, the two sections of tube 4 were separate tubes
it would be entirely impracticable to include in the circuit
a capacitor between the control grid of the first tube and
the anode of the second tube of a capacity sufficiently
small to serve the purpose of capacitor 82. It would
involve shielding of leads and it would unduly increase

the inherent capacity to ground of the control grid of the

first tube. In accordance with the present invention, by
consolidating the first two tubes of the earlier circuit into

a single double tetrode and by accurate positioning of

the electrodes and their Ieads I have been able to make
the inherent capacity between the control grid of the
first half and the anode of the second half of the double
tube of the correct magnitude for increasing the rapidity
of the response of the circuit as above described. The
capacitor symbolized at 82 should be very small, of the
crder of 0.1 micromicrefarad and such small value can
be readily achieved by the tube construction hereinafter
described.

Although rap1d1ty af response to change in light inten-
sity is desired and is provided for in the new circuit as
above described it is also important that the system be
stable and not “metor beat.” Accordingly a capacitor

5> 84 is provided in the mew circuit interconnecting the

anodes 38 and 46. Capacitor 84 is of relatively large
magnitude, say .05 microfarad, and serves to dampen any
possible oscillations which might otherwise be introduced
by the capacitive coupling between grid 34 and ancde 46
when the incident light is at threshold value. Capaciter
84 also serves to suppress any hum or A. C. ripple which
might appear in line 28 due to engine noise or proximity
of a vibrator power supply or the like on a car equipped
with the headlamp dimming circuit of the invention.

In Fig. 2 the tube 4 is shown as comprising a glass
envelope 86, glass button base 88 and a top cap %6
which, within the envelope, the control grid 34 cof the
first ‘section is connected by a lead 92. The other elec-
trodes are connected to pin terminals 93 embedded in
the ‘base.  The electrode assembly of each section is
mounted between a lower mica wafer 94 and an upper
mica wafer 96. | |

As will be apparent from the view of tube 4 in Fig. 2,
the lead 92 to the control grid 34 is close to the ancde
12ll amount of capacitative
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coupling thereio. The lead 92 is made relatively heavy-

and stiff to prevent shift thereof during handling of the
tube, As the grid 34 is conductively connected with the

2,850,674

cap 90 and with the photocathode of tube 2, the capacity

symbolized in Fig. 1 by the reference numeral 82 will
depend not only upon the position of the lead 92 but also
upon the positioning of these elements with respect to
the anode 46 and upon the areas thereof which are not
clectrostatically shielded from that anode. As the tubes
2 and 4, in the preferred embodiment of the invention
tliustrated in Fig. 3, are mounted in fixed relation within
a hermetically sealed enclosure ample means are provided
for insuring during manufacture and assembly that the
capacitative coupling between the anode 46 and the grid
34—top cap 36—photocathode will be of the proper
magnitude for optimum operation and that such capacity

will remain constant. ] . S
As shown in Fig. 3, the enclosure for the tubes 2 and

4 is formed of two parts, a metal tray or base member 98

and a metal cover member 100, which, after the tubes are

10
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the electrometer tube of the present invention this ratic

1s less than unity, say about one-half. The terms “island”
and “island formation” are well understood in the art
as referring to the shielding effect of the grid wires upon |
the cathode which, in a tube having a grid pitch-grid
cathode spacing ratio of unity or more causes non-uni-
form electron emission over the area of the cathode.
(See J. Deketh, Fundamentals of Radio Valve Tech-
nique, a publication of Philips Technical Library.)

 Figs. 4 and § illustrate diagrammatically the electrode
spacing of tube 4. Fig. 4 corresponds to a horizontal
section and Fig. 5 to a fragmentary vertical section
through the tube. From these figures it will be appar-
ent that the spacing between the cathode 108 of the elec-
trometer section of tube 2 and grid 34 is considerably

- larger than the spacing between adjacent turns of grid

20

fixed in the tray member, are sealed together about the -

periphery of the flange 98a of the tray by soldering, or
the like. A suitable lens 181 is sealed in an aperture
in the end wall of cover member 188. The base 88 of
tube 4 is mounted in an aperture in the tray 28 by means

of a ring 102 of a thermoset resin, preferably an epexy
resin of the type sold under the trade name Araldite by

Ciba Co. Inc. of New York, N. Y. The base compris-
ing the anode terminal of the photoelectric tube 2 is

mounted in a close fitting aperture in the tray $8 and
soldered or otherwise conductively fixed therein, the

tube 2 being oriented for reception by the photocathode
of light passing through the lens 101. |
terminal connector 184 is soldered to the anode terminal
for connection of a ground lead thereto. Mounted on
the tray 98 between the tubes 2 and 4 is a shield 186
to protect the photocathode frem heat given off by tube
4 during operation of the circuit.
preferably of metal to prevent or reduce capacitative cou-
pling betwecen ancde 46 and the photocathocde and

thereby maintain the capacity symbolized In Fig, 1 by |

the reference numeral 82 at the desired low value. Should
the tube struciure be such that the capacity between
the anode 4% and the parts conductively connected to

grid 34 be too low, the shicld 186 could be of suitable

insulating material, and the orientation of tube 4 in the
tray 98 altered to increase the spacing between the
photocathcde and ancde 46. Alternatively, a heat
shield partly of metal and partly of dielectric material
could be employed. | B o

With the tubes 2 and 4 fixedly mounted as above de-
~scribed within the grounded hermetically sealed enclo-
sure, the semsitive components of the system are amply

protected from the eifects of humidity changes, vibra-

tion and the like. The enclosure, while preferably of
~metal so as to serve as an electrostatic shield, need not
necessarily be of metal.

closure of glass.

- As heretofore indicated the elecirometer pertion of
tube 4 1s of a construction particularly designed for op-

Preferably a

Satisfactory operation has been
had with the tubes 2 and 4 mounted within 2 sealed en- |

29
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54. Thus the grid pitch-grid cathode spacing ratio of-
the first half of the tube is substantially less than unity.
In the second half of the tube, where the electrode spac-
ing is conventional, the spacing between the cathode 169
and control grid 110 is slightly less than the space be-
iween adjacent turns of the grid. Hence the grid pitch-
grid cathode ratio is greater than unity. -

- The photoelectric tube 2, when light of given intensity
flcods the photocathode, can pass only a fixed amount
of current and therefore is a constant current device, the
current being of a very small order of magnitude. Elsc-
tfrons given off by the heated cathode 188 follow a Max-

~wellian distribution such as indicated by the curves of

Fig. 6. In Fig. 6 the ordinates represent the number of
emitted electrons and the abscissae represent electron
velocity at emission from the cathode. The curve T—1

- represents the velocity or energy distribution for a tem-

39

The shield 166 is
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eration in a circuit wherein the control grid draws cur-

rent and 1s connected only to a constant low current de-

vice such as the photoelectric tube 2 and wherein rela-
tively low voltages are applied to the ancde of the tube.

In such type of circuit, with tubes herctofore in use, as-

for example a 6K6, change in cathods emission during

causes a change in plate current which, because of the
low plate voltage, corresponds te an appreciable change
in amplification factor.
for change in cathode emission is obtained by reducing
the ratio of grid pitch to grid-cathode spacing to a value

such that “island formation” on the cathode is avoided,

70

in the new tube compensation

~perature T, of the cathode.
~reseats the velocity distribution of the emitted electrons

The second curve T-2 rep-

at a higher temperature, T, of the cathode. With the

- grid 34 connected only to the constant current device (as-

suming constant low light intensity on the photocathode),
anc the cathode temperature 15, the coperating point will

be at a point such as point A, Tube 2 will be saturated
and the potential of the grid 34 will be negative as com-
pared to the cathode 188. If now the temperature of
the cathode increases to T, the distribution of electron
velocities will shift to curve T—2 and as the tube 2 can

5 1ot pass any additional number of electrons the operat-
‘1ng point will shift to the right along the curve T-2 of

Fig.'é to say, point B. In other words the grid will be
driven more negative because of the inability of tube 2

1o pass a higher current without change in light Intensity.

This automatic increase in negative potential on the con-

trol grid with change in cathode temperature tends to

reduce the plate current to compensate for the increase

in plate current which would otherwise result because of |
‘the increased electron emission from the cathode. Thus,
because the photoelectric tube 2 is a constant current de-
vice and takes but small current, compensation for
- change in plate current with heater voltage can be ef

ect-
ed. Similarly, so long as there is no “island formation”

~on the cathode an increase or decrease in the area over

which emission is effected due to aging or the like will
cause an increase or decrease respectively in the negative
potential of the grid 34 sufficient to compensate for the
change in plate current which would otherwise cceur.
in tae graph of Fig. 7, wherein plate current is plotted

- against filament emission for different light intensities

falling on the photocathode of tube 2, this substantial

) . : - constancy o | | ith ¢ ' o
operation dus to aging or to change in heater voltage, y of plate current with change in filament emis

sion is shown by the 'substantially horizontal portions of
the curves. - When the intensity of light on the photo- -

cathode increases the plate current will increase say from

~curve E12% of Fig. 7 to curve 114 of Fig. 7 or curve 116

~of Fig. 7 depending upon the amount of increase in light

intensity, but change in filament emission resulting from

In conventional tubes this ratio 1s unity or higher. In 75 ,Vgriatiqﬂs_' 'n heater voltage or aging of the tube, pro-
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vided the operating point is above the knees of the curves,
will have substantially no effect.

The importance of this cohstruction which insures-

mdependencu of plate current with change in filament

emission will be apparent when it is appreciated that the

plate voltage, when the electrometer tube is conducting,
will drop to roughly 2 volts due to the magnitude of
resistor 40. QObviously but a slight change in plate
current with. change in cathode emission -ccrresponds to
a.large fraction of the operating current of the tube under
such conditions and therefore, for optimum operation of
the circuit, the compensation effected by the new tube

construction is of substantial importance.

It is advantageous in the operation of circuits. for
automatic dimming of headlamps that when such a cir-
cuit is first energized the dimming switch be promptly
operated irrespective of whether or not light is incident
cn the light sensitive element of the circuit. In the cir-
cuit of Fig. 1, initial deenergization of the control relay
and conseguent operation of the dimming switch results
when the first half of tube 4 bLeats up more promptly
than the second half. Accordingly, in the construction
of tube 4 the cathcode heaters 118 and 128 (see Fig. 1)
of the first and second halves of the tube, respectively,
are provided with unequal thickness of insulated coat-
ing, a relatively heavier coating being provided on heater
129. Thus the cathode of the second half of the tube
will not begin to emit electrons as soon as the cathode
of the first haif of the tube. The petential at the control
erid 56 of the oscillator tube & will therefore be above
cut-off, and oscillations of that tube will be initiated to
cause operation of the dimming switch. Assuming no
licht is incident on the photoelectric tube, as soon as the

control grid 34 of the first half of tube 4 becomes nega-

tively charged from the heated cathode of that half of
the tube, and the cathode of the second half becomes
heated, normal operation under control of the photo-
electric tube takes place.

The preferred embodiment of the invention has now
been described with specific reference to the control of
the dimming switch of automebiie headlamps.
the new tubs construction of the invention could be
advantag onsly employved to compensate for change in
cathode emission in any amplifier where g

be used for control of devices other than dimming
switches.

The following is claimed:

1. A condition responsive circuit compnsmg in com-
bination a device the current through which 1s deter-
mined -by the condition,
erounded cathode, a control grid counected to said device
and comprising equallv spaced grid wires, and an anode,

a low voltage source of energizing pﬂtential conngcied
to satd anode through a dmmplng resistor, and output

means adapted to. be actuated in response to a predeter-
mined decrease in anode potential conseguent to increase
in current threugh said device, the spacing between said
grid and said cathode of said tube being greater than the

spacing between adjacent grid wires whereby change mn .

ancde current -with change 1n cathode cmlssmn is

minimized,

2. The circuit according to claim 1 Wherem said
electron tube is a double tube the second half of which
operates as a phase inverter, said second half of the
tube comprising & cathode connected for operation at
above ground potential, a control grid connected to. the
enode of the first half of the tube and an anoads con-
nected to said source through a dropping resistor, said

rapidity of response of the circuit to change in condition.
3.- The circuit according te claim 2 wherein said tube
has a.top cap internally connected by a lead to said first

QObviously

rid impedance
is high and grid current essentially constant. and the

improved light responsive circuit of the invention could

'E'.H_
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an electronic tube having. a
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last mentioned anode and the first mentioned control grid

being coupled together capacitatively to increase the

8

mentioned control grid and externally connected to
said device, said internal. lead and said top cap being

“so positioned relative to said second anode as to provide

said capacitative couphng |
4, The circuit according to claim 3 mcludmg a capac-
itor connected between said anodes of a value large
compared- to that of the capacitative coupling between
the control grid of the first half of the tube and the -
ancde of the second half of the tube.
5. The circuit according to claim 1 wherein said device
is a photoelectric tube having a photocathode and wherein
said clcctrml tube is a double tube the second half of
which operaies ds a phase inverier, said second half
including a cathode, a control grid connected to the
ﬁrs;t mentioned ancde and an anode connected to said.
source tfircugh a dropping resistor, a cathode heater for
F‘dCh of said cathodes, and means comprising insulating
coatings of unequal thickness on said heaters for insur-
ing that the first half of the tube will warm up faster
than the second half of the tube and thereby cause initial
actuation of said output means irrespective of the inten-
sity of light incident cn said photocathode |
6. The circuit according to claim 1 wherein said. device
a photoelectric tube having a singie anode and a photo-
Lathode and wherein said electronic tube is a double tube
the second half of which (}perates as a phase inverter,
an enclosure for said tubes comprising a base portion and
a cover portion hermetically sealed together, means in-

sulatedly sealing said double tube info an aperiure in

said base portion, a lens sealed in an aperture in said
cover portion, means for mounting. said photoeleciric
tube in another aperture in said base porticn with the.

photocathode orientated for reception of light through
said lens, and a top cap on said electrenic tube internally
connected to said control grid and connected within said -

enclosure and externally of said electronic tube to the
photocathode of said photoelectric tube,

7. The circuit according to claim 6 including means

vithin said enclosure and positioned between said tubes
for shielding said photoelectric tube from heat given off
by said electronic tube.

8. The circuit according to claim 7 wherein said shield-
ing means is of metal to reduce capacitative coupling

between said pho*ocau.bode and electrcdes of said ﬂlew-
tronic tube.

9. The circuit according to claim 6 wherein said bElSE
and cover parts of said enclosure are of metal and are
grounded to provide a ground connection for ths anode
of said photoelectrlc tube and electrostatic shielding: for-
both tubes.

10. A light sensitive circuit adapted for control of the
dimming switch of the headlamps of an automobile and
adapted for operation directly from a car carried battery,
comprising in combination a photoelectric tube having an
ancde connected to the negative terminal of the battery
and a photocathode, an electronic tube having a control
grid connected through a top cap to said photo-cathode,
a cathode connected to the negative terminal of the bat-
tery and an anode connected through a drooping resistor

to the positive terminal of the battery, and output means

adapted to actuate the dimming switch upon predeter-

- mined decrease in ancde potential consequent to. increase

in intensity of light incident on said photocathode, the
construction of said grid and the spacing thercof from
the cathode being such as to avoid “island formation™
and thereby rénder the anode current substantially inde-
pendent of change in cathode emission.

11. A low veltage electronic tube for use in condition
responsive circuits of the type including a device the cur-

-rent through which is determined by the condition; com- -
- prising an envelope, a control g

rid of equally spaced grid
wires, a cathode and an anoda in said envelope, the spac-
ing betweeﬁ said cathode and said grid being ereater than

that between adjacent grid wires whereby when said grid
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is connected to such device change in anode current with

change in cathode emission is minimized.
12. The low voltage electronic tube according to claim

11 including a second cathode, a second control grid

and a second anode within said envelope, a top cap on
said envelope and a connection within said envelope be-
tween said top cap and said first mentioned control grid
positioned with respect to said second anode to provide
a capaclttative coupling between said first mentioned con-

trol grid and said second anode and thereby to increase.
the rapidity of response to change in condition when the

5

10

second cathod, second control grid and second anode are

connected to serve as a phase inverter and amphﬁer of

current passed by said first anode.

2,850,674
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