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This invention relates to power regulators and 
more particularly to a device which is enabled to 
provide either variable power regulation or con 
stant power regulation, depending upon the use 
to which the device is to be put. 
Gaseous discharge tubes of the trigger-acting 

type have been used in various ways for power 
control in alternating current systems. Such 
Systems are used, for example, for controlling 
illumination in theaters and in similar applica 
tions. The method generally adopted is one 
which employs so-called “thyratron' tubes, where 
a greater or lesser value of negative bias on the 
grid of the tube causes the conduction of elec 
trical energy to start at a point nearer to or 
farther from the positive peak of each cycle. 

It is an object of the present invention to pro 
vide a System of power regulation suitable for 
any one of a variety of different uses, depending 
upon the load conditions which are to be served. 

It is another object of my invention to provide 
a suitable current regulator for use in connec 
tion with a photographic film printer whereby 
the density of the negative film is caused to con 
trol a current supply system for the energization 
of a printing light source. 

It is another object of my invention to provide 
a variable power supply dependent upon the ac 
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tion of a photo-electric device, such as used in 
facsimile picture transmission systems, for pro 
ducing a variable amplitude picture signal. 
Other objects akin to those already recited 

are contemplated and will be apparent upon re 
viewing the description to follow. The inven 
tion itself will best be understood by reference 
to the accompanying drawing, in which 

Figure 1 shows diagrammatically and schemat 
ically a circuit arrangement in combination with 
apparatus units intended primarily for use as a 
flm printer, 

Fig. 2 shows a curve characteristic of the out 
put energy from the current regulator, and 

Fig. 3 shows another application of my inven 
tion to a use in facsimile picture transmission 
Systems. 2 . 

Referring first to Fig. 1, I show therein a pair 
of gaseous discharge tubes and 2, each tube 
comprising a cathode 3, an anode 4, a control 
grid is and, if desired, a suppressor grid 6. With 
in the envelope of the tube is a low pressure gas 
eous atmosphere. Such tubes are commonly 
termed 'thyratron' tubes. Other types of gas 
eous tubes, however, may be used in my inven 
tion without departing from the spirit thereof. 
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The anodes i 4 of the tubes i and 2 are con 
nected respectively to different secondary wind 
ing terminals 24 and 25 of a transformer T. The 
primary of this transformer is fed with energy 
from any suitable alternating current Source. 
The secondary of the transformer 7 has a mid 
tap 8 which is connected to a mid-tap 9 on the 
primary winding of a transformer O. The ter 
minals of the primary winding on transformer 
0 are connected respectively to the two Cathodes 

3 and to the suppressor grids 6 of the tubes f 
and 2. Interposed between 'each cathode 3 and 
its associated control grid 5 is a bias resistor . 
Each control grid 5 is also connected to an ap 
propriate anode 2 in a photo-electric tube 3. 
The two photo-electric tubes are preferably 
housed in a container having an opening 5 
disposed in back of a film gate. This gate has 
a front plate 6 with an opening therein which 
serves to admit light from a lamp 8 for print 
ing purposes. Any suitable arrangement of film 
guides may be provided such as rollers 9 for the 
negative film and rollers 20 for the film to be 
printed. 
Each of the photo-electric tubes 3 possesses a 

cathode 2 ?, having a proper connection to one 
of the terminals 24 and 25 on the secondary of 
the transformer T. The energizing circuit for 
the lamp 8 comprises the secondary winding 22 
on the transformer f 0 and a rheostat 23 for ad 
justing the normal light intensity with respect 
to the speed at which the films are to be moved 
for printing purposes. 
The system as exemplified in Fig. 1 is intended 

to function so as to vary the light intensity of 
the printing lamp 8 in dependence upon war 
iations of negative film density occurring at or 
near the position of printing exposure. Some 
of the light from the lamp 8 penetrates both 
the negative film and the film to be printed. This 
light acts upon the photo-electric cathodes 3 to 
vary the electronic emission therefrom. If de 
Sired, the photo-electric tubes can be placed in 
advance of the printing exposure window T so 
as to receive light through the negative film only. 

In the operation of the system as shown in 
Fig. 1 it will be understood that the gaseous tubes 
and 2 are rendered conductive in a push-pull 

manner, each upon the approach of a positive 
Voltage peak of the alternating current impressed 
on its anode 4. The ionizing voltage is varied 
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in dependence upon the bias applied to the con 
trol grid 5. 

Let it be assumed that the potential at the 
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terminal 24 is rising on a positive half cycle of 
current... Let it be 'assumed also that the por 
tion of the negative film in back of the window 

is so dense that very little light penetrates 
the two films so as to reach the photo-electric 
cathodes 2 of tubes 3. Under these conditions 
substantially no current flows through the bias 
resistors and consequently the grids 5 are 
held at substantially cathode potential. The 
thyratron tube di almost immediately becomes 
conductive. The thyratron tube 2 acts in the 
same manner upon reversal of current acroSS the 
transformer terminals 24 and 25. Considering 
the action of tube , however, current is passed 
from the terminal 24 of the transformer through 
the space discharge path of the tube to the 
cathode 3 and thence to the left-hand terminal 
of the primary winding on the transformer 9 
and back through the center tap 9 to the Center 
tap 8 of the transformer ". As this action con 
tinues energy will be supplied to the lamp 98. 
The duration of the conductive state will be great 
er in this case than in the Case now to be de 
Scribed. 
Assume now that a more translucent portion 

of the negative is to be printed and is in back 
of the window 6. Under these conditions pho 
to-electric action will take place in the tubes 3. 
Considering only the left-hand tube 3, however, 
a negative potential derived from the terminal 
25 of the secondary on transformer i will pro 
duce a conductive state in the tube 3, which is 
intensified by the light impressed on the cathode 
2, and this operation will draw current through 
the bias resistor f, thereby rendering the con 
trol grid 5 more negative than the cathode 3. 
It follows that a period of cut-off bias on the 
tube will be prolonged, and the duration of the 
conductive state when the anode potential even 
tually reaches the ignition point will be short 
ened. The reduced time of conductivity of the 
tube results in the application of less power to 
the transformer 0, and accordingly the lamp 
8 will be somewhat dimmed to compensate for 

the more translucent area of the negative. 
Referring to Fig. 2, I show diagrammatically 

how the Wave form of an alternating current 
may be modified by the control process above 
described. Here the outline of a sine wave can 
be observed over a certain portion thereof, but 
this outline is broken by certain periods of non 
conductance of the thyratron tubes. The dura 
tion of the conductive state in tube is shown 
between the two vertical dimension lines at the 
extremities of a positive peak. The duration of 
the conductive state in tube 2 is correspondingly 
indicated by dimension lines at the extremities of 
a Subsequent peak which is positively impressed 
On the anode of tube 2, although it represents, 
a half cycle of opposite phase. It will be un 
derstood that by varying the instant of ioniza 
tion of the gas in each thyratron tube under con 
trol of the grid bias potentials derived from the 
photo-electric tubes 13, these moments of dura 
tion of the conductive state may be correspond 
ingly varied. 

It will be clear from the above description that 
I have provided a combination of gaseous tubes 
and photo-electric tubes which cooperate for 
varying the intensity of a light source in de 
pendence upon the density of a negative film 
from which a printing operation is to be per 
formed on an unexposed film. The variation in 
the conductive time interval of the gaseous tube 
during each positive half cycle applied to its 
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from any suitable direct current source 2. 
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anode circuit corresponds with a variation in 
the R. M. S. voltage of the output energy. Hence 
the device operates as an output power modula 
tor. Various modifications in the structural 
parts of the film printer may be made, of course, 
without departing from the spirit of the inven 
tion. 

Referring now to Fig. 3, I show another appli 
cation of my invention as it may be used in Con 
nection with a facsimile transmitter. Parts cor 
responding to those in Fig. 1 have been given 
like reference numberS. 
In the embodiment shown in Fig. 3 a different 

set of conditions is met compared with those 
set forth in connection with the embodiment 
of Fig. 1. For facsimile picture signal transmis 
sion it is essential that a constant light Source 
26 be employed. The lamp 26 may be excited 

The 
intensity of the light may be controlled by a 
rheostat 28. 
A suitable optical system consisting of lenses 

29 may be employed to focus a light Spot upon 
an elemental area of a picture to be Scanned for 
facsimile signal transmission requirements. A 
scanning drum is shown at 3 and Will be un 
derstood to have wrapped around it a picture 
which is to be used for picture signal transmis 
sion. As the drum is rotated at a constant Speed 
it is also moved axially with respect to the light 
spot so as to form a helical scanning path which 
eventually covers the entire picture. 
The light at the scanning spot is reflected from 

the surface of the picture in greater or lesser 
intensity, according to the light and dark ele 
mental areas of the picture. The reflected light 
shines upon an optical system which may, if 
desired, comprise lenses 3 and a prism 32, So as 
to be impressed upon the photo-electric cath 
odes 2 of the two photo-electric tubes 3. 
The operation of the gaseous tubes and 2 as 

shown in Fig. 3 will be readily understood from 
the description which has been given of these 
tubes in Fig. 1. However, the output energy 
which results from controlling the duration of 
the conductive state in each of the tubes f and 
2 is impressed upon the primary winding of a 
transformer 33. This transformer has a second 
ary winding 32 which delivers a picture signal, 
preferably for radio or wire transmission pur 
pOSes. 

In the operation of the system. shown in Fig. 
3 it will be understood that a relatively dark ele 
mental area, when it comes beneath the light 
spot projected from the lamp 26, Will produce 
very little light reflection through the Optical Sys 
tem of lenses 3 and prism 32 to the cathodes 
2 of the photo-electric tubes 3. Consequently 
these photo-electric tubes will be substantially 
non-conductive and there will be little, if any, 
negative bias on the thyratron control grids 5, 
since no current will pass through the bias re 
sistors . 
Under the condition, however, where the elle 

mental picture area that is scanned is relatively 
white, then considerable light will be reflected 
into the optical system 3, 32 and will reach the 
photo-electric cathodes 2 so as to render these 
tubes Sufficiently conductive to draw current 
across the bias resistors . The grids 5 in the 
gaseous tubes will then be rendered more nega 
tive and the duration of the conductive state 
in each of the tubes and 2 will be shortened. 
Under these conditions a reduced amplitude of 

5 signal Will be impressed upon the output circuit 



2,238,762 
from the secondary winding 34 of the transformer 
33. It will be seen from this description that the 
System as shown is one wherein maximum ampli 
tude of the picture signal represents a black area, 
and minimum amplitude represents a white area. 
This relationship between the amplitude and 
light intensity may, however, be reversed by re 
versing the action of the photo-electric tubes 3 
So as to render the grids 5 of the thyratron tubes 
more positive with increase in light intensity. 
My invention has still another group of appli 

cations which may Well be understood by con 
sidering Fig. 1 without the inclusion of the films. 
Assume, for example, that it is merely required 
that the device be used as a voltage regulator. 
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The secondary winding 22 of the transformer f0. 
may then be used to deliver energy to any re 
quired load. In parallel with this load is the cir 
cuit for exciting the lamp 8. Without the nega 
tives in the light path between the lamp 8 and 
the photo-electric tubes 3, it will be seen that 
variations in the load or variations in the input 
voltage on the transformer 7 may be compen 
Sated. The compensating action results from 
variations in the light intensity of the lamp 18 
due to a fuctuating load or to a fluctuating input 
voltage. However, this light fluctuation from the 
lamp 8 operates upon the photo-electric tubes 
3 so as to vary the bias across the resistors f, 
and thus to vary the duration of the conductive 
state in each of the tubes and 2. The portion 
of each cycle of the alternating current which is 
lost will be subtracted from the total power 
available at the terminals 24 and 25 of the trans 
former. Regulation of the R. M. S. voltage thus 
results. Assuming that, for a given period, the 
load is substantially constant, an equilibrium will 
be reached when the power passed by the Thyra 
tron tubes is just sufficient to produce a constant 
value of illumination from the lamp 8. If, after 
this equilibrium is established, the load increases 
SO as to reduce the output voltage across the 
Secondary winding 22, then the brilliance of the 
lamp 8 will be reduced, the conductance of the 
photo-electric tubes 3 will be reduced, and the 
negative bias on grids 5 of the Thyratron tubes 
will be reduced so as to lengthen the conductive 
state in the tubes and 2. Thus, R. M. S. volt 
age compensation will be provided to meet the 
added load. 
Warious other applications of my invention will 

suggest themselves to those skilled in the art upon 
considering the exemplified applications herein 
shown and described. The invention is, there 
fore, limited only in accordance with the scope 
of the claims. 

claim: 
1. A power control system for use between an 

alternating power, supply source and a load, said 
System comprising at least one trigger-acting 
gaseous discharge tube having its discharge path 
determined by a Cathode and an anode, said dis 
charge path being in circuit between said source 
and said load, a control grid in said discharge 
path, a bias resistor interconnecting the control 
grid and the cathode, a photo-electric device hav 
ing one electrode connected to said source and a 
second electrode directly connected to the control 
grid of Said gaseous tube, and means including a 
light Source acting upon said photo-electric de 
vice for varying the electronic discharge therein, 
thereby to control the bias on said control grid, 
said means being solely effective to vary the inter 
wal of the conductive state of said gaseous tube 
during a half cycle of current from said source. 
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2. A system in accordance with claim 1 and 

having means for varying the intensity of said 
light source in dependence upon the R. M. S. volt 
age applied to said load. 

3. A system in accordance with claim 1 and 
having a medium of variable translucence inter 
posed between said light Source and said photo 
electric device. 

4. A system in accordance with claim 1 and 
having a medium suitably disposed for reflecting 
light from said light source toward said photo 
electric device, said medium having light and 
dark areas and being movable to vary the amount 
of light which it reflects. 

5. A current regulator for use between an alter 
nating power supply source and a load, Said regul 
lator comprising at least one trigger-acting gase 
ous discharge tube having a control grid in the 
discharge path thereof, said discharge path being 
in circuit between said source and said load, a 
lamp in the load circuit, and a photo-electric de 
vice arranged to receive light from Said lamp, 
said device having connections between Said 
power source and the control grid of said gaseous 
tube such that the duration of the conductive 
state of said gaseous tube within a half cycle of 
current from said source is controlled in depend 
ence upon the amount of light reaching the 
photo-electric device from said lamp. 

6. A voltage regulator comprising an inpu 
transformer, a pair of gas discharge tubes each 
having an anode, a cathode and a control grid, 
the two said anodes being connected respectively 
to opposed secondary terminals of Said trans 
former, an output transformer having opposed 
primary terminals connected respectively to each 
said cathode, interconnected mid-taps on the 
secondary of said input transformer and on the 
primary of said output transformer, a load con 
nected across the secondary of said output trans 
former, said load including a light Source, bias 
resistors, each connected between the cathode 
and control grid of a respective discharge tube, 
and two photo-electric devices each having a dis 
charge path in circuit between the control grid of 
one gas tube and the anode of the other gas tube 
respectively, said devices being arranged for 
photo-electric response to variations in the light 
impinging thereon from said light source. 

7. A voltage regulator in accordance with 
claim 6 and having a variably translucent medium 
interposed in the light path between said light 
source and said photo-electric devices whereby 
the R. M. S. voltage applied to said light Source 
is caused to be varied in dependence upon the 
translucence of said medium. 

8. In a device of the class described, an input 
transformer, a pair of gas discharge tubes each 
having an anode, a cathode and a control grid, 
the two said anodes being connected respectively 
to opposed secondary terminals of said trans 
former, an output transformer having opposed 
primary terminals connected respectively to each 
said cathode, interconnected mid-taps on the 
secondary of said input transformer and on the 
primary of said output transformer, a light source 
connected across the Secondary of Said output 
transformer, bias resistors connected respectively 
between the cathode and control grid of each 
tube, two photo-electric devices each having a 
discharge path in circuit between the control grid 
of one gas tube and the anode of the other gas 
tube respectively, and means interposed in the 
light path from said light source to said photo 
electric devices for varying the photo-response in 
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Said devices thereby to control the grids of Said 
gas discharge tubes and to vary the R. M. S. 
voltage derived therefron. 

9. A circuit arrangement comprising a pair of 
gaseous discharge tubes each having a cathode, 
an anode and a control grid, two bias resistors 
each respectively interconnecting the control grid 
and the cathode of the same tube, two photo 
responsive impedances each respectively in cir 
cuit between the control grid of one tube and the 
anode of the other tube, an alternating current 
input circuit having push-pull connections to said 
anodes and oppositely phased connections to said 
cathodes, an output transformer having a center 
tapped primary winding the respective halves of 
Which are separately connected to said cathodes, 
the center-tap of said primary Winding being con 
nected to a neutral point on said input circuit, 
and means for controlling the bias on said grids 
by causing light of varying intensity to shire. On 
said photo-responsive inpedances. 

10. A voltage regulator comprising the circuit 
arrangement according to claim 9, wherein the 
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bias controlling means comprises a light Source 
Connected across the terminals of Said Output 
transformer, said light source being arranged to 
act upon said photo-responsive impedances. 

1. A power-compensating device comprising 
the circuit arrangement according to claim 9, 
wherein the bias controlling means comprises a 
light Source connected across the terminals of 
said output transformer, and a variably trans 
lucent medium through which light rays from said 
light Source impinge upon said photo-responsive 
impedances. 

12. A modulator comprising the circuit ar 
rangement according to claim 9, wherein the bias 
controlling means comprises a constant light 
Source, a movable reflecting medium having light 
and dark areas thereon, means for focussing a 
beam of light from said light source on said re 
flecting medium, and means for causing varying 
amounts of light reflected from said medium to 
impinge upon said photo-responsive impedances. 

JAMES N. WHITAKER, 


