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The present invention relates to means for 
controlling and stabilizing electrically energized 
light sources, and particularly to means for sta 
bilizing such light sources through the use of 
what may be termed "optical feedback.' 

. In my prior patent, No. 2,242,638, issued May 
20, 1941, I disclose a means for maintaining a 
constant light intensity utilizing an electron dis 
charge tube in series with a light source, the in 
pedance of said tube being varied by the voltage 
from a photoelectric cell receiving its excitation 
from the controlled light Source. 
The present invention employs the Same Op 

tical feedback principle as disclosed in the afore 
said patent, but in this instance the controlling 
electron discharge tube is in shunt with the light 
source rather than in series with it. The present 
invention thereafter acts to achieve the same re 
sult as the prior one, but does this in a different 
mode which is in some instances preferable. 

It is an object of the invention to provide a 
means for controlling and stabilizing electrically 
energized light sources utilizing an electron dis 
charge tube in shunt with the controlled light 
Source. 

It is a further object of the invention to pro 
vide such a circuit which is simple and economi 
cal to install. 
Further objects and features of the invention will become clear when the following description 30 

is considered in connection with the appended 
drawings, in which 

Figure 1 is a diagram of a circuit for maintain 
ing constant intensity of a light source utilizing 
an electron discharge tube in shunt with the 
source; 

Figure 2 is a diagram of a circuit similar to 
Figure 1, in which, however, only a portion of the 
current to the light source is supplied by an elec 
tron discharge tube, the greater portion being 
supplied by a generator; 

Figure 3 is a diagram similar to that of Figure 
1, illustrating the modulation of a light source in 
such a nanner that its intensity is varied in ac 
cordance with the modulation only without any 
foreign disturbances; and 

Figure 4 is a diagram showing the application . 
of the circuit of Figure 1 to the problem of copy 
jing photographs, documents, and the like, mak 
ing an exact copy as regards density and con 
trast or giving any desired variation of either 
or both irrespective of the latent contrast of the 
copy paper or film being used. 

Referring to the drawings and especially to 
Figure 1, there is shown at if a battery or other 

(C. 315-151) 

current source which supplies power to the lamp 
and to the control unit. In series with the bat 
tery is a voltage dropping resistance 2. Con 
nected between the low potential side of resist 

5 ance 2 and the negative terminal of current 
Source f f is an electron discharge tube 3, said 
electron discharge tube being shown as a triode, 
that is, a tube having anode, cathode and con 
trol electrode. Y - 

Likewise connected between the low poten 
tial side of resistance 2 and the negative termi 
nal of battery fl, is a second electron discharge 
tube 4, in series with which is a resistance 5. 
Tube 4 is also a triode, having an anode, cathode, 

l5 and grid, the anode of tube f4 being connected 
through a battery. 6 to the grid of tube 3 where 
by a negative potential is put on the grid of 
tube 3. . . . . . . . 

Also, connected from the low potential side of 
20 resistance 2 to the negative terminal of battery ..., 

, is a photoelectric cell f, in series with a re 
sistance f8, said resistance being a coupling re 
sistance. Intermediate the coupling resistance 
8 and the photoelectric cell T is a connection 

25 which leads through a battery 20 to the grid of 
tube 4. 
Lamp 2 which is the light source to be con- . 

trolled, is likewise connected from the low po 
tential side of resistance 2 to the negative ter 
minal of battery if, this lamp being arranged, so 
that a portion of the light therefrom reaches the 
photoelectric cell 7. 
Voltage adjustments on tubes 3 and 4 are 

made Such that a portion of the current flowing 
35 through resistance. 2 flows through lamp 2 t, 

while another portion flows through tube 3. 
Tube f4, being an amplifier tube, takes very lit 
tle current and therefore the current through 
this tube may be neglected in analyzing the per 

40 formance of the circuit. 
When the voltages are adjusted as described 

above, if the intensity of the light from lamp 2 
increases for any reason, as for example due to 

- a change in ambient temperature, this will bring 
45 about a reduction of the resistance of cell IT, 

thus causing the grid of tube 4 to become more 
negative. This, in turn, reduces the voltage drop 
across resistance S, causing the grid of tube 3 
to become more positive, thus increasing the to 

50 tal current through resistance 2. and, of course, 
reducing the voltage across lamp 2. In a simi 

O 

lar manner, if the light intensity tends to de 
crease, the resulting decrease in current through 
resistance 2 will compensate for this tendency. 

In the event that a constant current source is 55 
  



2 
available, it is obvious that resistance 2 may 
be eliminated, since the photoelectric cell will 
then control the current flow through tube 3, 
which is one of the two major paths available for 
the current, the other being the lamp itself. 

For uses where the disturbances which tend 
to alter the intensity represent depths of modul 
lation which are appreciably less than one hun 
dred per cent, that portion of the current which 
will be considered as the "steady' current may be 
supplied by a battery or by a generator. The por 
tion of current required to compensate for dis 
turbances may be regulated by the use of an 
electron discharge tube as has been previously 
described. Figure 2 shows a circuit utilizing a 
generator for the purpose mentioned, and also 
for performing another function, that of com 
pensating automatically for slow variations in 
intensity even of great amplitude. The genera 
tor is represented in Figure 2 as having an ar 
mature 30 and field windings 3 and 32, the field 
3 being so connected that as the current 
through it increases, the output voltage of the 
generator is reduced. The circuit components 
lf, 3, 4, 5, 6 and 2 function exactly as de 
scribed above in connection with Figure 1 for all 
light variations which occur at frequencies higher 
than a few per second. 
For slow changes they have an additional func 

tion that of altering the output of the generator 
through automatic variations of the field 
strength. These variations will take place at fre 
quencies up to a limit which is determined by 
the characteristics of the generator itself. 
This type of circuit has practical application 

for such operations as the printing of motion pic 
ture film where it is imperative that the average 
value of light intensity be kept constant and 
where rapid variations of intensity of as little 
as a few per cent may ruin the print. It may also 
be used to compensate for variations in intensity 
normal for any carbon arc. R 
In Figure 3 there is shown a circuit which is 

generally similar to that of Figure 1, the circuit 
of Figure 3 being particularly designed, however, 
to permit of modulation of a light source. Like 
parts in Figure 3 have been given the same refer 
ence characters as in Figure i for the purpose of 
convenience. In connection with Figure 3, it may 
be stated that this arrangement permits the use 
of a mercury vapor lamp, which has not hereto 
fore been possible except in a series arrange 
ment as shown in my Reissue Patent No. 21,907. 
In the past, low pressure gas discharge tubes have 
been utilized for modulation purposes, as for ex 
ample for recording sound on film, but these 
tubes were not satisfactory due to insufficient 
light intensity and non-linear characteristics. 
When mercury was added to such lamps or used 
alone, the intensity was increased to the desired 
value but other difficulties arose. Used in this 
manner, non-uniform characteristics were pro 
duced which were difficult or impossible to com 
pensate. The response was consequently de 
ficient in high frequencies, distortion was high, 
and, in addition, the average intensity could not 
be controlled within sufficiently close limits to 
meet modern requirements. Incan descent lamps 
have likewise been utilized for the purposes of re 
cording and other uses involving modulation but 
were unsatisfactory since the thermal inertia of 
the flaments was too great for practical usage 
at high frequencies. 

In making photographic sound records it is 
customary to focus the light source on a narrow 

0. 

2,356,195 
slit and to focus the image of the slit on the 
film. Unless the light source, lenses, cell, and 
all other parts of the system are very firmly 
fixed, vibration occurs which creates a variation 
in light intensity on the film which is eventually 
reproduced as so called microphonic noise. The 
same result obtains if the flament of an incan 
descent lamp vibrates or the arc in a gas dis 
charge tube does not remain in constant posi 
tion. All of the above are disadvantages which 
are extremely difficult to overcome by mechani 
cal means. If a circuit such as that of Figure 3 
is utilized and means provided to illuminate the 
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photo-electric cell T from a point between the 
last of the disturbing elements and the film, all 
disturbances, whether arising from the lamp it 
self or from any of the elements between the lamp 
and the film, will be compensated. 

In the circuit of Figure 3, current is supplied 
from the source f l to the electron discharge tube 
3 and the lamp 2 in shunt in the same manner 
as described in connection with Figure 1. A sin 
ple three-element tube 4 of Figure 1 is replaced 
in the circuit of Figure 3, for the purpose of cir 
cuit simplification, by a multi-element tube 
containing two control grids. The plate of this 
tube is connected in a circuit in the same manner 
as the plate of tube 4 of Figure 1. Tube 40 has 
a screen grid which is connected through a bat 
tery 4 to the high potential side of the battery 
4 in a conventional manner. One of the control 
grids is connected through a battery 20 to the 
photo-electric cell T. in the same manner as 
shown in Figure 1. The second control grid of 
the tube 40 is connected to its cathode through 
the secondary of a transformer 43 and a biasing 
battery 44. The primary of transformer 43 is 
the modulation input circuit. 

Examination of this circuit will show that it 
provides a negative or inverse optical feedback 
from the lamp 2 to the input. In brief, a frac 
tional part of the output voltage here designated 
as B is fed back to the input of the amplifier. 
Black, in Patent No. 2,102,671, has shown that 
with an amplifier having a gain of u, when . 
pug is large as Compared with unity, the relation 
of output voltage to the input voltage is propor 
tional to 

-- 

and is independent of all other factors. In the 
case illustrated, the light intensity is propor 
tional to 

- 6 

since the feedback voltage, that is, the voltage 
developed across resistance f8, is a function of 
the light intensity. It, therefore, follows that 
the light intensity will be proportional to the 
modulation voltage at all frequencies where the 
requirements of feedback and gain are met, and 
that the light intensity will be independent of 
all other factors, such as supply voltage changes, 
ageing of the lamp, mercury sputtering, etc. 

Figure 3 illustrates only one of the many cir 
cuits which may be employed utilizing the ad 
vantages of optical feedback for such purposes 
as Sound recording, signalling, and television. It 
will be obvious that electrical inverse feedback 
means alone, while effective for correcting defects 
within the amplifier, are entirely ineffective for 
corrections external to that amplifier and that 
the means of Figure 3 corrects not only for de 
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fects arising within the amplifier but also for de 
fects arising between the point in the system 
where the feedback voltage is applied and the 
point where the useful work is done by the beam of light. 

Figure 4 is a diagram of a circuit which may 
be used for facsimile reproduction. In this cir 
cuit, the circuit of Figure 1 is modified by plac 
ing a second photo-electric cell therein, this cell 
being located between one terminal of the lamp 
2 and the resistance . 

O 

In operating this circuit for copying, as for ex 
ample copying a document which is faded or 
yellowed and which is to be copied with substan 
tial contrast between black and white, the docu 
ment to be copied is scanned by well known means 
by a spot of light which will be reflected from 
the scanned surface onto the photo-electric cell 
33. Light from the tube 3 is used to scan the 
surface of the light sensitive paper. In the cir 
cuit, as shown in Figure 4, cell T, cell 3 and 
resistance 8, together determine the grid bias of 
tube 4 and consequently the light intensity of 
lamp. 2. Light from the lamp 2 is caused to 
fall on cell T in the same manner as has been 
described with reference to Figure 1. Then by 
making proper adjustments a copy may be pro 
duced which will be in desired contrast, it being 
obvious that by altering the connections the 
copy may be either a positive or negative copy of 
the original. Details of such adjustments are 
not given here since they are exactly similar to 
those mentioned in my Reissue Patent No. 21,907. 
While I have described various embodiments of 

my invention, it is obvious...that changes may be 
made in details of the circuits without in any 
way departing from the spirit of the invention. 
Therefore I do not wish to be limited in any Way 
by the foregoing description, but on the con 
trary wish my invention to be limited only bv. the appended claims. 
What is clained is: 
1. The method of controlling light intensity 

which comprises energizing a light source in 
shunt with an electron discharge tube, said tube 
having a fixed grid bias, causing a portion of 
the light from said light source to fall upon a 
photoelectric cell and causing all components of 
the output of said photoelectric cell to control 
the plate current of said tube. 

2. The method of controlling light intensity 
which comprises energizing a light Source in 
shunt with an electron discharge tube, said tube 
having an anode, a cathode and a control grid, 
causing a portion of the light from Said light 
source to fall upon a photoelectric cell, causing 
all components of the output of said cell to be 
impressed upon the input of an amplifier, said 
amplifier being in series with a source of fixed 
voltage, and utilizing the output of said ampli 
fier to control the grid voltage of said electron 
discharge tube. 

3. The method of controlling light intensity 
which comprises energizing a light source in 
shunt with an electron discharge tube, permitting 
a portion of the light from said light source to fall 
upon a photoelectric cell, causing all components 
of the output of said photoelectric cell to regu 
late the current flowing through an amplifier 
tube having a fixed grid bias, and permitting the 
changed current flow through said amplifier tube 
to effect a change in voltage on the grid of the 
electron discharge tube to thereby control the 
energization of the light source. 

4. The method of modulating a light source 
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3 
and simultaneously controlling the average in 
tensity thereof, which comprises energizing the 
light source in shunt with an amplifier, provid 
ing the amplifier with excess gain over that re 
qired, converting a portion of the light to volt 
age by photoelectric means, and feeding back all 
components of said voltage to the input of the 
amplifier with such polarity of direct current 
components and such phase of alternating cur 
rent components that the ampliher gain is re 
duced to the required value for all components. 

5. In a system for controlling the average in 
tensity and modulation of a light source, an am 
plifier having an input section and an output 
section, means for supplying a fixed bias and a 
modulation voltage to the input section of said, 
amplifier, a lamp connected in shunt with the 
output section of said amplifier, photoelectric 
means for converting a portion of the light emit 
ted by said lamp to voltage, and means for ap 
plying said voltage to said input section where 
by the gain of the amplifier is reduced. . . 

6. In a light modulating system, the combina 
tion of an electron discharge tube having an an 
ode, a cathode and a control grid, a light source 
connected in shunt with the output circut of said 
electron discharge tube, a photoelectric cell in 
position to receive light from Said light source, 
a second electron discharge tube comprising an 
anode, a cathode, and a control grid, means to 
maintain a constant voltage at the cathode of 
said second electron discharge tube, means to 
impress all components of the voltage generated 
in said photoelectric cell on the grid of said sec 
ond electron discharge tube, means to impress 
modulation voltage on the grid of said second 
electron discharge tube, and means in the plate 
circuit of said second electron discharge tube and 
connected to the control electrode of said first 
electron discharge tube to cause the changes in 
voltage on the control electrode of the second tube to be effective to cause corresponding 
changes on the grid of said first tube. 

7. In a device for controlling light intensity, 
in combination, a light source, an electron dis 
charge tube connected in parallel with said light 
source and taking energy therefrom, said tube 
having a fixed grid bias, and a photoelectric cell 
mounted in position whereby light from said 
source falls on said cell, all components of the 
Output current from Said cell. being effective to 
alter the voltage on the control electrode of said 
tube. 

8. In a device for controlling light intensity, 
the combination of an electron discharge tube 
having an anode, a cathode and a control grid, 
alight source connected in a parallel circuit with 
said electron discharge tube, a photoelectric cell 
in position to receive light from said light source, 
a second electron discharge tube having a fixed 
bias on the grid thereof, means to apply the volt 
age generated in said photoelectric cell to the 
grid of said second tube, and means comprising 
an impedance in the plate circuit of said second 
tube and connected to the control electrode of 
said first tube whereby the change in voltage 
On the grid of said second tube is effective to 
cause a corresponding change in the opposite 
direction on the grid of Said first tube. 

9. In a device for controlling light intensity, 
an electron discharge tube, a generator, a light 

, source and said electron discharge tube in paral 
lel circuit energized by said generator, a connec 
tion from a field winding of said generator to 
said tube, a photoelectric cell positioned to re   



4 
ceive light from said light source, and means 
controlled by said photoelectric cell for control 
ling the plate current of said tube, Said means 
being effective to modify the output of said gen 
erator in accordance with the variation of plate 
current in said tube. 

10. In a device for controlling the intensity of 
a light source, the combination of an electron 
discharge tube having an anode, cathode and 
control grid, a light Source connected in parallel 
to said electron discharge tube, a photoelectric 
cell in position to receive light from Said source, 
a second electron discharge tube comprising a 
cathode, anode and a plurality of control elec 
trodes, means to apply the voltage generated in 
said photoelectric cell to one of the control elec 
trodes of said Second tube, said one of said con 
trol electrodes having a fixed bias, means to ap 
ply modulation voltages to a second control elec 
trode of said second electron discharge tube, 
and means in the plate circuit of said second 
electron discharge tube and connected to the 
control electrode of Said first tube whereby the 
change in Voltage on the control electrodes of 
the second tube are effective to cause correspond 
ing changes on the grid of said second tube. 
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11. In a device for copying and facsimile re 

production, in combination, an amplifier, a cur 
rent Source, a light source in shunt with Said an 
plifier, both being energized from said current 
source, a light sensitive cell positioned to receive 
light from said light Source, a second light sen 
sitive cell adapted to receive light from a docu 
ment to be copied, and means under the joint 
control of Said first and Second light sensitive 
cells for controlling the gain of said amplifier. 

12. In a device for copying and facsimile re 
production, in combination, an amplifier, a cur 
rent source, a light source in paralled with said 
amplifier, both being energized from said cur 
rent Source, a light Sensitive cell positioned to 
receive light from said light source, a second light 
Sensitive cell adapted to receive light from a 
document to be copied, means under the joint 
Control of said first and Second light sensitive 
cells for controlling the gain of said amplifier, 
and means to adjust the joint control means to 
vary the control of the amplifier gain. 

* JAMES R. BASLEY, 

  


