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The present invention relates to light responsive con 
trol circuits and more particularly although not exciu 
sively to circuits for control of the dimming switch of 
automobile headlamps. The circuit of the present inveri 
tion while basically that disclosed and claimed in my co 
pending application, Serial No. 411,208, filed February : 
18, 1954, comprises an improvement over Such circuit in 
a number of important respects. 
The present circuit like that of my said copending ap 

plication comprises in general a photo-electric tube, pre 
ferably a diode, which when subjected to light causes ill 
crease in current through an electronic multi-element 
tube, 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 pheto 
electric tube and a relay control tube connected to the 
oscillatory circuit to receive controlling pulses therefrom 
when the photoelectric tube is subjected to light. The 
relay control tube is normally conductive to hold eier 
gized in its plate circuit a sensitive relay which upon 
release of its armature closes contacts controlling the 
circuit of a power relay. Positive pulses delivered by 
the oscillatory circuit when light of a given intensity is 
incident on the photocathode of the photoelectric tube 
drive negative the grid of the relay control tube by virtue 
of the self-rectifying properties of the cathcde grid circuit 
of the relay control tube to cause release of the sensitive 
Feiay and consequent operation of the dimining switch by 
the power relay. To prevent return to the high beam 
conditions when an approaching car dinns its headlights 
the circuit includes means for increasisig he sensitivity to 
incident light after release of the sensitive relay. 
One feature of the present invention cornrises irn 

proved means for insuring rapid return of the circuit 
to normal conditions when the light intensity falls beiow 
a predetermined value, such means being effective even 
after flooding of the photocathode with light of high 
intensity. The multi-electrode electronic tube which 
will designate as the electrometer tube for it functions as 
such has its control grid connected to the photo.cathode 
of the photoelectric tube. Under no light or low light 
conditions the grid and the inherent capacity associated 
therewith become negatively charged by virtue of recep 
tion of electrons from the cathode of the electrometer 
tube. Consequently, when the photoelectric tube be 
comes conductive the current through the electrometer 
tube is increased and a control voltage is delivered to the 
oscillatory circuit to initiate oscillation thereof. In the 
circuit of the said copending application the electrometer 
tube operates as a cathode follower, the signal to the 
oscillatory circuit being taken from the junction of a 
cathode resistor with the cathode of the electrometer 
tube. As the return to normal conditions requires nega 
tive charging of the control grid of that tube the presence 
of the cathode resistor in its circuit introduces an element 
of delay when the photoelectric tube has passed a relia 
tively large current due to excess light on the photo 
cathode thereof. In the circuit of the present invention 
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the signal from the multi-electrode tube is taken from the 
anode rather than from the cathode and the cathode is 
grounded. This permits electrons to flow from the 
cathode to the grid directly from the ground rather than 
through a cathode resistor, insuring thereby a quick re 
covery of the circuit. Quicker recovery in the new 
circuit is also obtained by a novel circuit connection to 
the screen grid which takes advantage of a screen grid 
current to depress the screen potential and hold it low 
during the period of negative charging of the control grid 
following cessation of light. 
Another feature of the invention comprises improved 

reans for coupling the electrometer tube controlled by 
the photoelectric tube to the oscillatory circuit which 
obviates critical adjustments of circuit constants and in 
Sures more stable operation of the circuit. This improve 
ment has been effected in part by the taking of the signal 
from the anode of the electrometer tube and in part by 
the provision between the oscillatory circuit and the 
electrometer tube of phase inverting and amplifying 
means. The oscillatory circuit is a multi-vibrator nor 
mally prevented from oscillation by the application of 
positive potential to the cathode of the first triode thereof, 
a cathode resistor being connected between that cathode 
and ground. With the phase inverting and amplifying 
means in the circuit, variations in value of the cathode 
resistor of the multi-vibrator circuit as for example, as a 
result of change in temperature, will not affect overall 
operation of the circuit. 
A further feature of the invention comprises improved 

coupling between the multi-vibrator circuit and the relay 
control tube that insures delivery to the relay control tube 
of relatively larger control pulses. In the said copend 
ing application the signal to the control grid of the relay 
control tube was taken from the anode of the first half 
of the multi-vibrator circuit which half includes the cath 
ode resistor in its circuit. In the circuit of the present 
invention larger control pulses are obtained by taking the 
signal from the anode of the second half of the multi 
vibrator circuit, the cathode of which is grounded. 

Still another and important feature of the present in 
vention is a novel circuit arrangement whereby pulses 
appearing at the anode of the relay control tube are 
utilized for increasing the bias of the control grid during 
the presence of a signal. 
Other features of the invention, including improved 

means for rendering operation of the electrometer tube 
insensitive to battery voltage fluctuation will become ap 
parent as the description proceeds. 

For a better understanding of the invention and of the 
novel features thereof reference may be had to the ac 
companying drawing of which the single figure is a 
Schematic diagram of the preferred embodiment thereof. 
The circuit shown in the drawing is adapted for con 

trol of the dimming switch of automobile headlamps. 
The car carried battery of say twelve volts is indicated 
diagrammatically at 2, the power relay at 4 and the sen 
sitive relay for control of the power relay at 6. The 
photoelectric tube 8 is positioned for reception by the 
photocathode of light from approaching cars. The an 
ode of tube 8 is grounded and its photocathode is con 
nected to the control grid of a tetrode 6). Tube 18, the 
electrometer tube, may be a 6AK6 but preferably is one 
specifically designed to reduce leakage between terminais 
of electrodes which are at different potentials. A tube 
of this general type is illustrated in Fig. 4 of my copend 
ing application Serial No. 326,809, filed December 10, 
1952, Patent No. 2,730,629, wherein is shown a triode, 
the control grid of which is brought out to a separate 
terminal. In tube 0, as in the tube of the said appli 
cation, the control grid is brought cult to a separate ter 
minal as indicated diagrammatically in the drawing by 
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the bracket 52. The cathode of the electrometer tube is 
grounded. The anode of that tube is connected through 
a dropping resistor 4 to a line 56 which is connected 
through a filter comprising a resistor 18 and by-pass ca 
pacitor is to a line 2 of regulated potential, preferably 
about eight volts. The potential of line 23 is regulated 
by connection to the low voltage side of a ballast lamp 
22 connected in series with an adjustable resistor 24 
across the battery 2. Line 20 through a resistor 25 Sup 
plies the current for the cathode heater of tibe 18. Ti 
screen grid circuit, as hereinafter described, is coil sected 
to the line 5 of regulated and filtered voltage. Even 
with substantially regulated voltage thus applied to cath 
ode, screen grid and anode of the tube some undesired 
change of anode potential may occur with change in bat 
tery voltage because of incomplete compensation for the 
change in cathode emission. To avoid such undesired 
changes in anc de potential, a second dropping resister 
26 of relatively high chimage, is provided between the 
anode and the positive side of battery 2, 
lection of the magnitude of this resistor, which thus in 
troduces a potential correction direct from the source, 
substantially compete stability of the circuit with change 
in battery voltage is insured. 

ge 

The screen grid of the electrometer tube is connected : 
through two series-connected resistors 27 and 28 to the 
line 6 and the junction of resistors 27 and 2S is con 
nected through an adjustable resistor 30 comprising the 
“hold' control of the circuit and a resistor 32 to ground. 
A capacitor 34, the purpose of which will become ap 
parent as the description proceeds, is connected between 
the screen grid of the electrometer tube and ground. To 
provide increase in sensitivity after dimming of the head 
lamps, the junction of resistors 27 and 28 is connected 
through an adjusable resistor 36 to the front contact as 
sociated with the grounded armature 38 of relay 6. Ad 
justment of resistor 35 controls the light level at which 
the dimming switch will be operated and adjustment of 
resistor 30 controls the light level at which high bean 
conditions will be restored. 

Before describing the remainder of the circuit the op 
eration of the electrometer tube will first be described. 
Under no light conditions the tube will pass a relatively 
small current. Electrons from the cathode will paSs to 
the control grid and negatively charge that grid and the 
inherent capacity associated therewith. The potential 
on the screen grid will be positive and at Some value less 
than eight volts by virtue of the potential drop across 
resistor 28. The potential drop across resistor 27 will 
be substantially negligible. 
of the tube will be roughly two volts if the value of re 
sistor 14 is high, say 4.7 meg. When light falls on the 
photocathode of the tube 8 electrons from the control 
grid will leak off through the tube 8 reducing the nega 
tive potential of the grid and causing increased current 
through the electremeter tube. The potential of the air 
ode will thus decrease to say one-half volt due to conduc 
tion through the tube and the consequent increase in 
potential drop across resistors 44 and 26. If the inten 
sity of the light has been high the screen grid will take 
substantial current and this screen current due to the po 
tential drop across resistor 27 lowers the potential of the 
screen and of the ungrounded side of the capacitor 33, 
When the light is suddenly removed from the photo 
cathode the screen grid will not return to its normal posi 
five potential until the capacitor 34 has regained its fill 
charge. Thus the screen grid potential will rerrain livy 
for an appreciable time, permitting the contral grid to 
regain its negative charge and during such time prevent 
ing substantial conduction by the electrometer tube. 
The anode of the electrometer tube is connected to 

the No. 1 grid of a phase inverter and amplifier tube 4. 
shown as a pentode. The tube 49 could be, for example, 
a 6BJ6. The cathode of tube 4) is maintained at posi 
tive potential, say about one and one-half volts, by virtue 
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4. 
of a connection to the junction of resistors 42 and 44 cot 
nected in series between the line 6 and ground. The 
so. 2 C: Screen grid of tube 48 is maintained at the po 

tential cf line 6 and the No. 3 grid is tied to the anode 
which atter is connected to line 6 through a potential 
dropping resistor 45 of the order of 68K. The anode 
of tube 42 is connected through series-connected re 
sistors 43 and 58 to ground and the junction of these re 
sisto;'s is coinected to the control grid 52 of the first half 
of a dobie tric de 5-3 connected as a multi-vibrator. The 
cathocle associated with this control grid is in:aintained 
at a positive potential by virtue of a connection to the 
junction of a pair of resistors 56 and 38 connected in 
series between line i5 and ground. The anode 66 associ 

grid 52 is connected to the line E6 through a 
potential dropping resistor 62 of about 1.5i and is con 
jected through a capacitor 54 to the control grid 66 of 
the second half of the tube 54. The cathode associated 
with grid 65 is grounded and the anode 68 of the second 
half of the tube is connected to line 6 through a poten 
tial dropping resistor 76 of say 15K and through a ca 
pacitor 72 to control grid 52. The anode 63 is also coin 
nected through a capacitor 74 with the control grid of 
a relay control tube 76. 
Tube 76 is a tetrode of the space charge grid type. Its 

cathode is grounded and its No. 1 grid maintained at a 
positive potential by direct connection to line 20. The 
anode of tube 76 is connected through the winding of 
relay 3 directly to the positive terminal of battery 2. 
In the absence of a signal, tube 76 is conducting to main 
tain relay 6 energized with its armature 38 grounding the 
dimming circuit of the screen grid of the electrometer 
tube. When the current through tube 76 decreases to a 
predetermined value relay 6 releases, closing the circuit 
of the power relay 4 through the back contact of the re 
lay armature 33. Preferably to avoid damage to the relay 
contacts from the inductive surge through the power 
relay, a resistor 78 is connected between the low poten 
tial side of the power relay and the positive terminal of 
the battery 2. 
The control grid (grid No. 2) of the relay control 

tube 75 is provided with a bias resistor 80 of say 3.3 
meg., one end of which is grounded and the other end 
of which is connected to the control grid through a re 
sistor 82 of say 150K. Before describing the additional 
circuit elements associated with the control grid of the 
relay control tube which are provided to increase the 
bias during the presence of a signal, the overall opera 
tion of the circuit without such additional elements will 
be described. When, as the result of incident light of a 
given intensity the potential at the anode of the electrom 
eter tube falls as heretofore described, current through 
the phase inverter and amplifier tube 49 will be reduced 
and consequently the potential applied to the control 
grid 52 of the first half of the multi-vibrator will be in 
creased and will override the bias provided by the posi 
tive potential on the cathode thereof. The first half of 
the multi-vibrator which had heretofore not been con 
ducting will now conduct as the grid potential corre 
sponds to that required for triggering the circuit. When 
the first half of the multi-vibrator conducts, a negative 
pulse is transmitted through capacitor 64 to control grid 
65 to reduce the current through that half of the tube 54. 
Consequently, a positive pulse is impressed upon grid 52 
through condenser 72 and upon the control grid of the 
relay control tube through capacitor 74. The potential 
of grid 66 then rises as capacitor 64 discharges through 
resistor 67. When the threshold potential is reached by 
grid 66 conduction by the second half of the tube 54 is 
resumed with resultant application of a negative pulse to 
grid 52 to block conduction by that half of the tube. 
If light is still incident on the photocathode the cycle re 
peats and the vibrator continues to transmit positive 
pulses to the control grid of the relay control tube. 
When positive pulses are impressed on the control grid 

  



of the relay control tube, as above described, the current 
through the tube is first momentarily increased and elec 
trons flow to the grid to charge the capacitor 74. As grid 
resistor 80 is large, these electrons cannot leak off rapid 
ly and hence tend to drive the grid negative, thus lowering 
the grid potential and correspondingly reducing the cur 
rent through the relay 6, finally causing release of the 
relay and energization of the power relay 4. When the 
relay 6 releases the circuit through resistor 36 is opened 
increasing the potential of the screen grid of the elec 
trometer tube and thereby increasing the sensitivity of 
the circuit to insure that high beam conditions will not be 
restored until the intensity of the incident light drops to 
a predetermined value. 
The means now to be described insure that the grid 

bias of the relay control tube will be increased during the 
presence of a signal. The junction of resistors 80 and 
82 is connected through a diode 84, shown as a crystal 
diode, and a capacitor 86 to the anode of the relay con 
trol tube 76, the anode of the diode being connected to 
the junction of the resistors. A resistor 88 of say 330K 
is connected between the cathode of the diode and ground 
and a capacitor 90 of say .005 microfarad is connected 
across bias resistor 80. When signals are impressed upon 
the control grid of the relay control tube negative voltage : 
pulses will appear at the anode of the tube. These nega 
tive pulses are applied through the capacitor 86 to the 
cathode of the diode 84. The potential at the anode 
of the diode will thus be driven to the lowest potential 
occurring during each such pulse and capacitor 90 will 
be charged to such low potential. Thus during the pres 
ence of signals additional negative potential is automati 
cally applied to the control grid of the output tube. When 
the signals cease, discharge of capacitor 90 through re 
sistor 80 restores normal grid bias. The purpose of 
resistor 82 is to prevent application of the signals from 
the oscillator directly to the diode 84. 
The invention has now been described with reference 

to a single embodiment thereof and with specific refer 
ence to the control of the dimming switch of automobile 
headlamps. It will be apparent, however, that the in 
vention in its broadest aspects is not limited to such spe 
cific application. Obviously also, although certain nu 
merical values for the various constants of the circuit 
have been suggested the invention is not limited to such 
selected constants and various changes could be made 
in parts of the circuit without departing from the spirit 
of the invention or the scope of the accompanying 
claims. For example, although the hold control has 
been shown as being in the screen circuit of the elec 
trometer tube adjustment for this purpose could be pro 
vided at the control grid of the first half of the multi 
vibrator circuit if desired. Also, although the diode in 
the grid bias circuit of the relay control tube has been 
indicated as of the crystal type, an electronic tube could 

Other modifications will occur be substituted therefor. 
to those skilled in the art. 
The following is claimed: 
1. A light responsive circuit comprising in combina 

tion a photoelectric tube having a photocathode, an elec 
tronic tube having a grounded cathode, a control grid 
connected to said photo.cathode, a screen grid and an 
anode, a low voltage source of energizing potential con 
nected to said anode through a dropping resistor, output 
means adapted to be actuated in response to a predeter 
mined decrease in anode potential resulting from increase 
in control grid potential consequent to incidence of light 
on said photocathode and circuit means connected to 
said screen grid for providing a positive potential on 
said screen grid which decreases with increase in con- it 
duction of said tube, said last mentioned circuit means 
including means for delaying return to normal of the 
screen grid potential during decrease in control grid po 
tential consequent to cessation of light on said photo 
cathode, 
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2. The circuit according to claim 1 wherein said cir 
cuit connected to said screen grid comprises a potential 
divider connected across said source, a dropping resistor 
interconnected between a point on said potential divider 
and said screen grid and a capacitor connected between 
said Screen grid and ground, said capacitor providing said 
delay means. 

3. The circuit according to claim 1 wherein said circuit 
connected to said screen grid includes means for adjusting 
the sensitivity of the circuit to incidence of light on said 
photocathode. 

4. A light responsive circuit comprising in combina 
tion a photoelectric tube having a photocathode, an elec 
tronic tube having a grounded cathode, a control grid 
connected to said photocathode, a screen grid and an 
anode, a low voltage source of energizing potential con 
flected to said anode through a dropping resistor, poten 
tial dividing means and a dropping resistor coupling said 
Screen grid to said source, a capacitor connected between 
said screen grid and ground, a normally energized out 
put electronic tube, an oscillatory circuit, biasing means 
normally preventing oscillation of said oscillatory circuit, 
means responsive to decrease in anode potential of said 
first mentioned electronic tube resulting from conduction 
by said photoelectric tube under the influence of light for 
overriding said biasing means, and means responsive to 
oscillation of said oscillatory circuit for reducing the cur 
rent through said output tube. 

5. The circuit according to claim 4 wherein said oscil 
latory circuit comprises a first and second triode connected 
as a multi-vibrator, the cathode of the second triode being 
grounded and the cathode of the first triode being con 
nected to a point of positive potential providing the bias 
ing means normally preventing oscillation, phase invert 
ing means coupling the anode of said first mentioned tube 
With the control grid of the first triode, and means for 
impressing pulses appearing at the anode of the second 
triode when the multi-vibrator is oscillating upon said out 
put tube. 

6. In a control circuit, the combination comprising a 
normally energized output tube having a cathode, at least 
one grid and an anode, a resistor of high resistance inter 
connecting said grid and cathode, a multivibrator adapted 
When oscillating to produce control pulses, biasing means 
normally preventing oscillation of said multivibrator, a 
capacitor connected between said multi-vibrator and said 
grid to transmit positive pulses to said grid when the 
multivibrator is oscillating, photoelectric means for over 
riding said biasing means to cause oscillation of said mul 
tivibrator when light of predetermined intensity is incident 
on the photosensitive element of said photoelectric means, 
said grid when pulsed being driven negative by negative 
charging of said capacitor from said cathode with con 
sequent reduction of current through said tube, and circuit 
means connected to the anode and responsive to pulsation 
of potential thereat for increasing the bias on said grid 
when said grid is pulsed. 

7. In a condition responsive circuit, a low voltage 
Source of energizing potential, an asymmetrical multivi 
brator circuit energized from said source and adapted, 
when oscillating, to yield positive voltage pulses, condi 
tion responsive means for controlling oscillation of said 
multivibrator circuit, a space charge grid tetrode coupled 
to said source and having a control grid connected to 
receive positive pulses from said multivibrator circuit 
when said multivibrator circuit is oscillating, and means, 
including a rectifier and filter connected in series across 
said tetrode, for augmenting the negative potential ap 
pearing between pulses at said grid. 

8. The circuit according to claim 7, including a resis 
tor connected between said grid and the junction of said 
rectifier and filter to prevent application of pulses from 
said multivibrator circuit to said rectifier. 

9. The circuit according to claim 7 wherein said condi 
tion responsive means includes an electronic tube having 
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a grounded cathode, a cathode heater, a control grid the 
potential of which is responsive to the condition, a screen 
grid and an anode and wherein means are provided for 
supplying substantially regulated voltage from said source 
across said heater and through dropping resistors to said 
Screen grid and anode, and means for increasing the sta 
bility of anode potential to fluctuations in voltage of said 
source comprising a dropping resistor connected between 
said source and said anode to compensate for changes in 
cathode emission with change in regulated voltage. 

10. A light responsive circuit comprising in combina 
tion a photoelcctric tube having a photocathode, an elec 
tronic tube having a control grid connected to said photo 
cathode, a cathede, a screen grid and anode, a low voltage 
source of energizing potential and a dropping resistor con 
nected in a series circuit with said anode and cathode, 
output means adapted to be actuated in response to a pre 
determined decrease in anode potential resulting from 
increase in control grid potential consequent to incidence 
of light on said photocathode and circuit means con 
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nected to said screen grid for providing a positive poten 
tial on said screen grid which decreases with increase in 
conduction of said tube, said last mentioned circuit means 
including a capacitor for delaying return to normal of the 
screen grid potential during decrease in control grid pc 
tential consequent to cessation of light on said photo 
Cathode, 
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