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This invention relates to light responsive control sys 
tems and more particularly to control systems for auto 
matically switching vehicle headlamps from upper beam 
to lower beam in response" to the incident light from head 
lamps of oncoming vehicles. Such systems commonly 
employ a photomultiplier tube as the light responsive 
element which, despite its many advantages, imposes 
certain design problems on the system. The photo 
multiplier tube, which requires high voltage energization, 
exhibits - a relationship between the incident light and the 
output current which is - very sensitive to the voltage ap 
plied to the electrodes. In order to obtain accuracy in 
the operation of such a system it is necessary to maintain 
the energizing voltage at an accurately controlled value. 
In accordance with this invention, a circuit is provided 
for precise adjustment of the high voltage on the photo 
multiplier tube - by effecting variations in a low voltage 
circuit of the power supply. This is accomplished by 
utilizing a power supply including. a transistor oscillator 
of the type which develops an output voltage having an 
amplitude determined by the bias voltage of the input 
circuit which is supplied from a battery and voltage reg 
ulator and adjusted by a voltage divider circuit. 
Also such systems commonly provide for changing the 

sensitivity of the system- to incident light when the con 
trol circuit operates to switch the vehicle headlamps 
from upper beam to lower beam. It is advantageous 
to utilize the aforementioned characteristic of a photo multiplier tube to obtain sensitivity change but switching 
action: in a high- voltage circuit is, undesirable. It is a 
fürthier characteristic of the photomultiplier tube that 
the current multiplication; from cathode to anode by 
virtue of the interposed secondary emitters or dynodes, 
increases e exponentially with the number of dynodes. 
Recognizing that decreasing the effective number of dy 
nodes greatly reduces: the current and hence sensitivity 
and that the voltage : across eachi dynode is relatively 
low, the desired: sensitivity change is accomplished most 
efficiently” by this invention: at low voltage. According 
lý, a switching circuit is-provided across selected dynodes 
tovary the voltage thereofº upon operation of the control 
circuit to switch the - vehicle headlamps from upper beam to: lower beam. 
A more complete underständing of this invention may 

be had from the detailed description which follows taken 
with the accompanying drawing in which the single 
figure of the drawing is a schematic diagram of the 
inventive' control system. 

Referring now to the drawing, there is shown an illus 
trative" embodiment of the invention in an automatic 
headlampº control system i for automotive vehicles. The 
system comprises i generally" the direct current voltage 
source' or battery 10 for energizing the voltage regulator 
12 which supplies low voltage to the transistor oscillator 
36° for developing a high voltage for the photomultiplier 
tube. 14: The photomultiplier tube develops a control 
voltage for the control circuit including electron tube 
74’and’ control relayº 16- which is adapted to control the 
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2 
power relay 18 for switching the vehicle headlamps from 
upper beam to lower beam. 

Considering the system in detail, the battery 40 has 
one terminal connected to a point of reference potential 
or ground and the other terminal connected through the 
manual selector switch 20 - to the voltage regulator 12. 
In the voltage regulator, the battery voltage is applied 
across the ballast tube 22 in series with the resistor 24 
and variable resistor 26 to ground. The resistor 30 is 
connected through the regulated voltage conductor 28 
to ground. A voltage divider circuit including the po 
tentiometer resistor 32 and the fixed resistor 34 is con 
nected between the regulated voltage conductor 28 and 
ground to provide an adjustable value of regulated volt 
age on the movable contact of the potentiometer resistor 
32. 

In order to develop a high value of energizing voltage 
for the photomultiplier tube 14 there is provided a tran 
sistor oscillator 36. This oscillator comprises a tran 
sistor 38 having the usual emitter, collector and base 
electrodes and suitably of the PNP junction type. The 
oscillator has an input circuit extending from the emitter 
electrode to the movable contact of the potentiometer 
resistor 32 and thence through resistor 34 to ground and 
through a base resistor 40 to the base electrode. Ac 
cordingly, the emitter to base circuit is biased in the 
forward direction by the regulated voltage of the poten 
tiometer resistor 32. The output circuit of the oscillator 
36 extends from the emitter electrode to the movable 
contact of the potentiometer resistor 32 and through the 
resistor 34 to ground and thence through the primary 
winding 42 of transformer 44 to the collector electrode. 
Accordingly, the emitter and collector electrodes are 
biased in the reverse direction and the emitter to base 
current flow in the input circuit, produced by the voltage 
across voltage divider resistors 32 and 34, will initiate 
and sustain current flow in- the output circuit. A feed 
back circuit is connected between the emitter and base 
electrodes and includes a feedback winding 46 on trans 
former 44 and a timing or blocking condenser 48. Feed 
back winding 46 is connected in a regenerative fashion 
so that current flow in the output circuit causes a volt 
age to be induced in the feedback winding in a direction 
to increase the forward bias voltage from base to emitter 
electrodes. Thus, the output circuit current increases 
and at the same time a voltage is accumulated upon tim 
ing condenser 48 due to the feedback current flow and is 
of such i polarity that the base electrode becomes in 
creasingly positive relative to the emitter electrode. The 
circuit parameters are so related that as the output cir 
cuit current reaches a saturation value, the timing con 
denser voltage drives the base electrode sufficiently posi 
tive to cut off conduction in the output circuit. After 
the cut-off condition is reached, thê condenser 48 dis 
charges through the resistor 50 and feedback winding 46. 
The process just described providing alternate conduc 
tion and non-conduction in the output circuit is repeti 
tive at a frequency and pulse duration determined largely 
by the resonant frequency of the transformer 44 and 
the time constant of the circuit including condenser 48. 
The output current and voltage of the transistor oscillator 
takes the form of relatively short pulses; the amplitude 
of which may be varied by adjustment of the bias cur 
rent in the input circuit. The output voltage of the 
oscillator is transformed to a relatively high value: by an 
appropriate turns ratio between a secondary winding 52 
and the primary winding 42 of the transformer 44. This 
value of high voltage is accurately adjusted by the posi 
tion of the movable contact on the potentiometer resistor 
32 of the voltage divider. 
The high voltage i developed by the secondary winding 

52 is. rectified by the, diode: 54 and applied to the elec 
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trodes of the photomultiplier tube 14. For this purpose 
one terminal of the secondary winding 52 is connected 
to the plate electrode of diode 54 and the cathode 
electrode thereof is connected to ground. The heater 
filament 56 of the diode 54 is energized by connection 
between the regulated voltage conductor 28 in series with 
resistor 58 and ground. It is noted that with the cathode 
of diode 54 connected to ground the high voltage de 
veloped by the secondary winding 52 is of negative po 
larity, referred to ground potential. This negative volt 
age is derived from the other terminal of the secondary 
winding 52 and applied through high voltage conductor 
60 and the variable resistor 62 and current limiting re 
sistor 64a to the photocathode 66. A filter condenser 
61 is connected between the high voltage conductor 60 
and ground. The variable resistor 62 affords an ad 
ditional adjustment of the high voltage applied to the 
electrodes of the photomultiplier tube. This negative 
high voltage is also applied from the movable contact 
of variable resistor 62 across the voltage divider com 
prising the series resistors 68a, 68b, 68c . . . and 68j, 
which are suitably of equal resistance value. Plural 
stages of current multiplication are provided in the 
photomulitplier tube by the successive dynodes connected 
respectively through the current limiting resistors 64b, 
64c, 64d . . . and 64j to the corresponding junctions of 
the voltage divider resistors. The anode 70 of the 
photomultiplier tube is connected through the load re 
sistor 72 and thence conductor 57 and heater filament 56 
to ground. The load resistor 72 develops a control volt 
age corresponding to the intensity of light incident upon 
the photocathode 66 for the control circuit to be de 
scribed presently. 
The control amplifier comprises an electron tube 74 

of the low voltage space-charge grid type suitably a 
12K5, currently available from the Tung Sol Electric 
Corporation. The control voltage developed across the 
load resistor 72 is included in the input circuit of the 
tube 74 which extends between the control grid and 
cathode. The control relay 16 having an energizing 
winding 76 is included in the output circuit of this tube 
which extends between the plate and the cathode through 
the conductors 78 and 80, the selector switch 20, and 
the battery 10 to ground. A condenser 75 is connected 
between plate and control grid to provide a degenerative 
path for any alternating voltage reaching the control grid 
and thus prevents response of the control relay to sudden 
changes of grid voltage. The space-charge grid of the 
tube 74 is connected through the conductors 82 and 80, 
switch 20 to the battery 10. The bias conditions on 
the tube 74 are such that the tube is conductive in the 
absence of a control voltage across load resistor 72. 
To provide an upper beam energizing circuit for 

the headlamps the control relay 16 includes a movable 
contact 84, normally closed by a bias spring against the 
lower beam contact 86, which is displaced by the ener 
gization of the relay coil 76 against the upper beam 
contact 88. This upper beam contact 88 is connected 
through the variable dim sensitivity resistor 90 and con 
ductor 92 to an intermediate tap 93 between the voltage 
divider resistors 68h and 68i. The movable contact 84 
is connected to ground through conductor 94 and the 
manually operated dimmer switch 96 and through the 
energizing coil 100 of power relay 18. Thus the variable 
resistor 90 is connected in parallel with the voltage divider 
resistors 68i and 68j. The power relay 18 includes a 
movable contact 102 spring biased into engagement 
with the upper beam contact 104 to complete a circuit 
from the battery 10 through the upper beam headlamp 
filament 106. This relay also includes a lower beam 
contact 108 for energizing the lower beam headlamp fila 
ment 110 from the battery 10 when the relay winding 
100 is energized. To provide a lower beam energizing 
circuit for the headlamps, the control relay 16 when de 
-energized causes the movable contact 84 to engage the 
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4 
lower beam contact 86 which is connected through con 
ductors 78 and 80 and selector switch 20 to the battery 
10. The movable contact 84, as previously described, 
is connected through the energizing coil 100 of the 
power relay to ground and thus the power relay is ener 
gized. Accordingly, the movable contact 102 is dis 
placed into engagement with the lower beam contact 108 
completing circuit from the battery 10 through the lower 
beam headlamp filament 110 to ground. In this condi 
tion the control relay also disconnects the dim sensitivity 
resistor 968 from the tap 93 between the voltage divider 
resistors 68h and 68i. A resistor 112 is connected across 
the terminals of the energizing coil 100 of the power 
relay to absorb the inductive surge which results from 
de-energization of this relay by opening control relay 
contacts 84 and 86. 

In order to provide for manual overriding control of 
the automatic control circuit, the manual switch 114 is 
connected from ground through resistor 118 to one 
terminal of the control relay coil 76, the other terminal 
of which is connected through conductors 78 and 80, and 
selector switch 20 to the battery 10. Accordingly, closure 
of this switch energizes the control relay regardless of the 
conductive state of tube 74 and displaces movable con 
tact 84 to engagement with upper beam contact 88. 
This de-energizes the power relay coil 100 permitting the 
spring biased movable contact 102 to engage the upper 
beam contact 104 and complete the energizing circuit for 
the upper beam headlamp filament 106. 
To provide for complete manual control of the head 

lamp beam selection by the dimmer switch 96, the auto 
matic control circuit is de-energized by opening the 
manual selector switch 20. With the dimmer switch 
movable contact 98 closed against the lower beam con 
tact 118, a circuit is completed from the battery 10 
through these contacts and through the power relay coil 
100. This, of course, pulls the movable contact 102 
into engagement with the lower beam contact 108 and 
energizes the lower beam headlamp filament 110. When 
the movable contact 98 is displaced against fixed contact 
99, the energizing circuit for the power relay coil 100 is 
interrupted and the movable contact 102 engages fixed 
contact 104 energizing the upper beam headlamp fila 
ment 106. In operation of the automatic control system, the 
selector switch 20 is closed to apply the battery voltage 
to the voltage regulator 22 and the regulated voltage de 
veloped on the conductor 28 is applied across the voltage 
divider including potentiometer resistor 32, a portion of 
which, with the resistor 34, is connected in the input 
bias circuit of the transistor oscillator 36. The oscil 
lator develops, in the secondary winding 52 of trans 
former 44, a high voltage having a value determined 
by the bias current value. This high voltage is rectified 
by diode 54 and applied across the electrodes of the 
photomultiplier tube 14. Since the photomultiplier tube 
has a sensitivity to incident light dependent upon the 
applied high voltage, the overall sensitivity may be ad 
justed at a low voltage level by the movable contact 
on the potentiometer resistor 32. In the absence of light 
on the photomultiplier tube, the control voltage across 
load resistor 72 is of such value that the electrom tube 
74 is sufficiently conductive to energize the control relay 
16 and displace the movable contact 84 against the fixed 
contact 88. Accordingly, the power relay 16 is de 
energized and an energizing circuit is completed there 
through for the upper beam headlamp filament 106. 
With the control relay 16 energized, the movable con 

tact 84 connects the dim sensitivity resistor in parallel 
with the voltage divider resistors 68i and 68j. Suitably 
the voltage divider resistors 68a, 68b, etc. are all of the 
same value and when resistor 90 is disconnected from 
the circuit, an equal voltage rise is applied between suc 
cessive dynodes. Accordingly, the secondary emission 
ratio or multiplication factor p of all dynodes is the same 
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välue. and for n dynodes or stages the overall current 
multiplication is proportional to p”. Since current multi 
plication and hence sensitivity of the tube is an ex 
ponential function of the number of dynodes, a substan 
tial sensitivity change may be accomplished by effectively 
reducing the number of dynodes. This is achieved by 
connecting the variable resistor 90 across the resistors 
68i and 68j to reduce the voltage and hence the value 
of the multiplication factor of the corresponding dynodes. 
The resistor 90 is suitably of the same order of magni 
tude: as the sum of resistors 68i and 68j and, accordingly, 
its: parallel connection results in a high percentage volt 
age decrease: across resistors 68i and 68j, causing a sub 
stantial decrease in the multiplication factor of the corre 
sponding dynodes. At the same time, a small percentage 
voltage increase occurs across the remaining resistors 
68a, 68b, 68c, 68d, 68e, 68 f, 68g, and 68h causing 
only: slight change in the multiplication factor of the cor 
responding dynodes. As a result, the i connection of the 
parallel resistor 90 produces a marked reduction in the 
sensitivity- of the photomultiplier tube. Since the re 
sistor 90 is connected across only resistors 68i and 68j 
of the voltage divider, the switching of sensitivity is 
accomplished, at low voltage. The value of resistor 90 
is adjusted to obtain a sensitivity change ratio of about 
ten to one. The adjusted value of resistance 90 in com 
bination with the adjusted voltage value of potentiometer 
resistor 32 establishes a predetermined value of light in 
tensity on the photocell required to develop the control 
voltage necessary to render tube 74 nonconductive. 
Upon the occurrence of this predetermined light in 

tensity on the photomultiplier tube the control voltage de 
veloped across.load resistor 72 causes electron tube 74 
to become i non-conductive. Thus the control relay 16 
is: de-energized-and-the-movable. contact 84 engages fixed 
contact: 86. This interrupts the dim sensitivity, circuit 
disconnecting resistor 90 from the voltage divider resis 
tors 68i and 68j. This increases the sensitivity of the 
photomultiplier tube so that a lesser intensity of incident 
light will develop sufficient control voltage to maintain 
the control relay in the lower beam position even though 
the incident light from an oncoming vehicle is reduced 
by headlamp switching. At the same time, the control 
relay contacts 84 and 86 complete an energizing circuit 
for the power relay coil 100 and the movable contact 
102 engages fixed contact 108 to complete the energizing 
circuit for the lower beam headlamp filament 110. 
As previously described, manual override control is 

provided by closing switch 114 to energize the control 
relay regardless of the conductive condition of tube 74. 
Such energization of the control relay will cause de 
energization of the power relay permitting contacts 102 
and 104 to close and energize the upper beam headlamp 
filament 106. 
Complete manual operation of the headlamps is afford 

ed by opening selector switch 20 and manipulation of 
the dimmer switch 96. It will be noted that the circuit 
arrangement permits removal of the automatic control 
circuit from the vehicle for servicing while leaving the 
manual control system entirely operative. Disconnection 
for removal may be effected at either terminal of switch 
20. With contact 98 closed against fixed contact 118, 
the power relay 100 is energized and the lower beam filla 
ment 110 is energized. With the contact 98 in engage 
ment with fixed contact 99, the power relay is de-ener 
gized and the upper beam filament is energized. 
Although the invention has been described with re 

spect to a particular embodiment, such description is not 
to be construed in a limiting sense. Numerous modifica 
tions and variations within the spirit and scope of the 
invention will now occur to those skilled in the art. For a 
definition of the invention, reference is made to the appended claims. 
We claim: 
1. A headlamp control system comprising a photo 
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6 
multiplier tube of the type including a photocathode, a 
plurality of dynodes and an anode, a high voltage source, 
a voltage- divider connected between the photocathode 
and the anode and across the voltage source, plural taps 
on the voltage divider connected respectively with said 
dynodes, a load impedance connected with the anode for 
developing a control voltage, control means - including a 
relay connected with the load impedance and responsive 
to a predetermined value of control voltage for actuating 
said relay, a headlamp switching circuit, a photomultiplier 
tube sensitivity circuit including a resistor connectible 
in parallel with a portion of the voltage divider, and 
switching means actuated by said relay for alternately 
completing said sensitivity, circuit and said headlamp 
switching circuit. 

2. A headlamp control system comprising a photomulti 
plier tube of the type including a photocathode, a plu 
rality of dynodes and an anode, a high voltage source, 
a resistive voltage divider connected between the photo 
cathode and the anode and across the voltage source, plu 
rak taps on the voltage divider connected respectively 
with said dynodes, a load impedance connected with the 
anode for developing a control voltage, control means 
including a relay, connected with the load impedance and 
responsive to a predetermined value of control voltage 
for actuating said relay; said relay including a movable 
contact and a pair of fixed contacts, a low voltage source, 
a headlamp switching circuit including a power relay 
having an energizing winding connected between one 
terminal of the: low voltage source and said movable 
contact, one of said fixed contacts being connected to 
the i other terminal of said low voltage source whereby 
actuation of the control relay in one sense causes opera 
tion of the power relay to switch the headlamps, a 
sensitivity control resistor connected between an inter 
mediate point on said voltage divider and the other 
of said fixed contacts: whereby i actuation of the control 
relay in the other sense reduces the voltage applied to 
certain of said dynodes and reduces the sensitivity of 
the photomultiplier tube. 

3. A headlamp control system comprising a photo 
multiplier tube of the type including a photocathode, a 
plurality of dynodes and an anode, a low voltage direct 
current source, a transistor oscillator energized from the 
voltage source and having an input circuit and an output 
circuit, said output circuit including a transformer con 
nected across a resistive voltage divider connected be 
tween the photocathode and the anode for supplying a 
high value energizing voltage thereto, an adjustable volt 
age divider coupling the low voltage source to said input 
circuit whereby the high voltage across the resistive volt 
age divider may be adjusted, plural taps on the resistive 
voltage divider connected respectively with said dynodes, 
a load impedance connected with said anode for develop 
ing a control voltage control means including a relay 
connected with the load impedance and responsive to a 
predetermined value of control voltage for actuating said 
relay, a headlamp switching circuit, a sensitivity circuit 
including a resistor connectible in parallel with a portion 
of said resistive voltage divider, and switching means 
actuated by said relay for alternately completing said 
sensitivity circuit and said headlamp switching circuit. 

4. A headlamp control system comprising a photomul 
tiplier tube of the type including a photocathode, a plu 
rality of dynodes and an anode, a low voltage direct cur 
rent source, a transistor oscillator energized from the 
voltage source and having an input circuit and an output 
circuit, said output circuit including a transformer con 
nected across a resistive voltage divider and between the 
photocathode and the anode for supplying a high value 
energizing voltage thereto, an adjustable voltage divider 
coupling the low voltage source to said input circuit 
whereby the high voltage across the resistive voltage 
divider may be adjusted, plural taps on the resistive volt 
age divider connected respectively with said dynodes, a 
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load impedance connected with said anode for developing 
a control voltage, control means including a relay con 
nected with the load impedance and responsive to a pre 
determined value of control voltage for actuating said 
relay, said control relay including a movable contact and 
a pair of fixed contacts, a headlamp switching circuit in 
cluding a power relay having an energizing winding con 
nected between one i terminal of the low voltage source 
and said movable contact, one of said fixed contacts being 
connected to the other termina of said low voltage 
source, a sensitivity control resistor connected between an 
intermediate point on said resistive voltage divider and 
the other of said fixed contacts whereby actuation of said 
control relay between the pair of fixed contacts alternately 
causes operation of the power relay to switch the head 
lamps and causes connection of said resistor to reduce the 
voltage applied to certain of said dynodes and thereby re 
duces the sensitvity of the photomultiplier tube. 

5. A headlamp control circuit comprising light respon 
sive device for producing a control voltage corresponding 
to the incident light intensity and having a sensitivity to 
variations thereof dependent upon the value of energizing 
voltage applied to the device, control means connected 
with said device and responsive to a predetermined value 
of said control voltage for switching a headlamp circuit, 
a low voltage direct current source, a transistor oscilator 
energized from the voltage source and having an input cir 
cuit and an output circuit, said output circuit including a 
transformer connected with said device for supplying a 
high value energizing voltage thereto, an adjustable volt 
age divider coupling the low voltage source to said input 
circuit whereby the sensitivity of the device and the in 
cident light required to produce the predetermined value 
of control voltage may be established by adjustment of 
the low voltage applied to the oscillator. 

6. A headlamp control circuit comprising a photomul 
tiplier tube for producing a control voltage corresponding 
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to the incident light intensity and having a sensitivity to 
variations thereof dependent upon the value of energizing 
voltage applied to the electrodes of said tube, an output 
impedance connected with said tube for developing a 
control voltage, control means connected with said im 
pedance and responsive to a predetermined value of said 
control voltage for switching a headlamp circuit, a low 
voltage direct current source, a transistor oscillator in 
cluding a transistor having emitter, collector and base 
electrodes, a voltage regulator connected across said low 
voltage source, a voltage divider including a potention 
eter resistor connected across said regulator, an input 
circuit for said oscillator extending between said emitter 
and base electrodes and including said potentiometer re 
sistor, an output circuit for said oscillator extending be 
tween the emitter and collector electrodes and including 
said potentiometer resistor and the primary winding of a 
transformer, a feedback winding on said transformer and 
a - blocking condenser serially connected between said 
emitter and base electrodes, a secondary winding on said 
transformer connected with a rectifier across the elec 
trodes of said photomultiplier tube whereby the sensitivity 
of the photomultiplier tube and the incident light required 
to produce the predetermined value of control voltage 
may be - established by adjustment of the potentiometer 
resistor. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,325,258 Mallory --------------- July 27, 1943 
- 2,560,748 Silva ------------------ July 17, 1951 
2,742,592 Miller et al. ------------ Apr. 17, 1956 
2,759, 124 Willis ----------------- Aug. 14, 1956 
2,760,114 Falge et al. ------------- Aug. 21, 1956 
2,806,180 Falge et al. ------------- Sept. 10, 1957 
2,810,097 Rabinow --------------- Oct. 15, 1957 


