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5 Claims.
My present invention relates to improvements

in photo-electric systems. More particularly it.

concerns a method of, and means for, modulat-

ing an alternating current by means of a photo-

5 electric cell receiving light from a television
scanner or the like. _

One object of my invention is to provide a

means of modulating an alternating current by

means of a photo-electric cell actuated by light.

10 from a television scanner or other source of vary-
ing light impulses. Another object is to reduce
the variations in the modulating system due to
frequency and temperature changes. Another

_ object is to improve the sensitivity and Hnearity

16 of such modulating systems.

_In television, facsimile and other systems em-
ploying a photo-electric cell to convert light vari-
ations into electrical currents it is often advan-
tageous to modulate a carrier current wave di-

20 rectly by means of the photo-electric cell rather
than to generate simple currents of the same fre-

quency as the light variations. Since, except for .

very low frequencies, the resistive impedance of
the photo-electric cell is usually high compared
28 to the capacitative impedance, it is necessary to
balanece out capacity currents in order to obtain
large percentages of modulation due to resistance
variations. Systems of this type have been used
in connection with facsimile pick-ups employing
80 audio frequency currents modulated by a photo-
electrie cell and simple balance circuits. For tele-
vision, however, I have found it necessary to
modulate radio frequency currents and, on ac-
count of the greatly increased capacitative cur-
35 rents, to refine the balance circuits. I have
found several ways in which more accurate bal-
ance may be obtained and more stable mainte-
nance of the balance once it is obtained. One
of the difficulties encountered in maintaining bal-
40 gnce is due to frequency drift in the radio fre-
quency supply and to changes in the photo-elec-
tric cell and balance circuit constants due to
temperature effects. ‘
My system overcomes these difficulties to &

45 large extent. Frequency stability is obtained by.

employing a crystal controlled oscillator. Sta-
bility of the photo-electric cell and .balance cir-
cuits is obtained by means of temperature con-
50 trol of the system and a photo-electric cell in the
balance circuit. A special double photo-€electric
cell may also be used in which one section acts as
a modulator and the second section acts as a bal-
ance circuit. I have found that the addition
g8 of a direct current bigs to the photo-electric cell
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circuit increases its sensitivity and linearity of
modulation. o

The novel features characterizing my present
invention are set forth in particular in the ap-
pended claims. The organization and method of 5
operation of the invention itself will best be un-
derstood by reference to the following descrip-

‘tion taken in connection with the drawinrg in

which I have indicated by means cf circuit dia-
grams how my invention may best be carried into 10
effect. .

In the drawing:

Fig. 1 shows a simple circuit embodying fea-
tures of my invention. ‘ :

Fig. 2 shows a modulating circuit embodying 15
further means of carrying out my invention.

Fig. 3 shows a modulating circuit embodying
further mesns of carrying out my invention.

Fig. 4 shows a fragmentary circuit useful in ex-
plaining the operation of features of my inven- 28
tion. . .

PFig. 1 shows a modulating system in which e is
a source of alternating current voltage. For fac-
simile the frequency of this source may be of the
order of 2,000 cycles per second and for television 25
of the order of 500,000 to 10,000,000 cycles. For

-other uses the frequency will be determined by

the use. A convenient way to. couple the voltage
e to the modulating circuit is by means of the
transformer comprising primary winding i and 30
the coupled secondary windings 2 and 3. One
end of each of the secondary windings 2 and 3
is connected to the positive end of polarizing bat-

tery 1. The other end of winding 2is connected

. to anode 6 of photo-electric cell 4 ‘and the other 85

end of winding 3 is connected to a balance cir-
cuit consisting of variable resistor 8 in series with
varigble condenser 9. The side of condenser 9
away from resistor 8 is connected to cathode
§ of photo-electric cell 4 and to one end of 4o
output load: resistor 10. The other end of re-
sistor 10 and the negative end of battery T are
connected to the ground point G. The windings
2 and 3 are in such a direction that the photo-
electric cell end of wipding 2 and the resistor 485
end of winding 3 are of opposite instantaneous
polarity. Since one end of each winding 2 and 3
is connected to one end of resistor 10 and ground,
the output end of resistor will receive current
from winding 2 thru the photo-electric cell im- 50
pedance . and current of opppsite phase from
winding 3 thru the series impedance of resistor
8 and condenser 9. If the voltages across colls
2 and 3 are of equal magnitude and opposite
phase, the net current thru resistor 10 will be 85
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zero when the serles circult consisting of resistor
8 and condenser 9 is made equivalent to the par-
allel circuit consisting of the photo-electric cell
capacity and resistance. Fig. 4 shows a parallel
circuit R and C and the equivalent series circuit
R’ and C’. If RC represents the photo-electric
cell and R’C’ the balance circuit, then balance
will exist with no current thru resistor 10 when
resistor 8 (R’) equals

B
oz

and condenser 9 (C’) equals

RC?41
REC2a?

where «=2rf and f is the frequency of voltage e.
I have found in cases where the photo-electric
cell capacity is small that it is advantageous to
reduce the voltage supplied of winding 3 by re-
ducing the number of turhs. This reduced volt-
age requires an increase in capacity 9 and s re-
duction in resistor 8 which leads to easier manip-
ulation of the balance circuit. . The coupling be-
tween winding 1 and the windings 2 and 3 is pref-
erably very close as otherwise the two output cur-
rents may not be exactly 180° out of phase.

Thus with the voltages supplied to the photo-
electric cell and its balance circuit substantially
unequal the phase angle of the balance circuit
should be the same as the phase angle of the
photo-electric cell impedance but the impedance
of the balance circuit should be made equal to
the impedance of the photo-electric cell divided
by the ratio ¢f the larger of the applied voltages
to the smaller of the applied voltages. If this
requirement is met it will be evident that the
photo-electric cell and balance circuit currents
will be equal in phase and magnitude at the par-
ticular value of light on the photo-electric cell
at which the balance adjustment is made.

When light variations from a “pick-up scan-
ner” are received by the photo-electric cell 4,
the resistance of the cell varies in accordance
with the light variations upsetting the circuit
balance. The unbalance currents thru the pho-
to-electric cell flow thru resistor 10 establishing a
voltage drop which varies in accordance with the
light variations. Resistor 10 should be large of
the order of hundreds of thousands of ohms or
megohms. .In the case of a high frequency car-
rier as must be used in television, it is advanta-
geous to replace resistor 10 with a choke coil or
a tuned circuit since at high frequencies the
capacity across resistor 10 will seriously shunt its
impedance. 'The choke or tuned circuit acts to
maintain a high output circuit impedance in the
presence of shunting: capacities. :

Battery 7 is useful in polarizing photo-electrie
cell 4 to a linear part of its characteristic. Bat-
tery 7T also increases the sensitivity of the modu-
lating action since the sensitivity of most photo-
electric cells is a function of the instantaneous
voltage drop across them. The polarity of bai-
tery T and cathode and anode of cell 4 may be
reversed without departing from the spirit of the
invention. Voltage e and the ratio of trans-
formation between windings { and 2 should be
50 chosen that the drop across cell 4 is always
within the linear part of its characteristic.

The fundamental circuit of Fig. 2 is the same
as that of Fig. 1 and the theory of operation is
the same. However, several improvements over
Fig. 1 are shown here.  Since the series equiva-
lent R'C’ balance circuit as explained in connec-
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tion with Fig. 1 depends on £, it is important that
the frequency of e be constant or the balance will
change. T have found that a “crystal controlled
oscillator’” as shown in Fig. 2 provides the neces-

sary stable frequency for the voltage source. §

The same three windings may be used by con-
necting primary ! to the “crystal controlled os-
cillator.” Photo-electric cell 4 receives the light
from the pick-up scanner as before. In the bal-
ance circuit I have found that, since the photo-
electric cell shows a variation of resistance and
capacity due to temperature changes and other
random effects, the use of a second photo-elec-
tric cell 14 having the same characteristics as
cell 4 is advantageous as a balance means. Since
it is not easy to find two cells with exactly the
same resistance and capacity, condenser {3 may
be added across cell 4 and resistance 12 may be
added in series to give excess capacity and re-
sistance in the circuit of cell 8. This permits the
use of variable condenser 9 in parallel with cell
{4 and variable resistance 8-in series to complete
the balance. The variable and fixed condensers
and resistors may be interchanged without de-
parting from the spirit of the invention. Cell 14
should be connected similarly to cell 4, that is
with anode 16 connected to winding 3 and cath-
ode 15 to resistor 8., As.a further balancing
means, lamp (7T shining thru diaphragm {8 and
focussed on cell {4 by lens 19 may be used. Vary-
ing the opening in diaphragm (8 varies the light
reaching cell 14 and hence the resistance of the
cell. When using the light to obtain balance one
or both of resistors {2 and 8 may be eliminated.
I have found that the higher the frequency of 3
the alternating current supply, the more exact
the balance required to obtain good modulation
percentages due.to light reaching cell 4. While
the above arrangement is effective in greatly re-
ducing the effects of temperature change on bal- 4
ance, it is also advantageous to reduce the tem-
perature variations themselves. Erclosing the
whole assembly of Fig. 2 exclusive of the optical
systems and scanner in a temperature controlled
compartment accomplishes this reduction in tem- 4
perature variation. In addition resistors 8 and
i2 should have as nearly as possible the same
temperature coefficients as well as condensers 9
and 13.

In Fig. 3 I have shown a simplified system em-
ploying a special dual photo-electric cell. This
dual photo-electric cell 20 consists of a double
set of elements, one set comprising anode 21 and
cathode 22 and the other anode 23 and cathode
24, The active modulating elements are anode 21 5
and cathode 22 with cathode 22 receiving light
from the pick-up scanner or other source of light
variations. Anode 23 and cathode 24 form the
balance circuit and light from lamp 1T focussed
by lens 18 on cathode 24 is varied by diaphragm
{18 to produce balance. : Cathodes 22 and 24 are
connected together and to one end of variable
condenser 26 and coil 25 which is also the out-
put point. The other ends of condenser 26 and
coil 2§ ‘are connected to ground G and con- 8
denser 26 is varied to tune coil 25 to resonance
at the frequency of the alternating current
source. This tuned circuit is useful in maintain-
ing a high output impedance since without tun-
ing, the capacity across the output circuit acts as 7
a shunt. Shield plate 27 connected to ground
and placed between the two sets of elements
serves to keep currents from flowing between the
two sets of elements:

Tt will be apparent to one skilled in the art 7
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that, while I have described only a few systems
whereby my invention may be carried into effect,
that it is by no means limited to the particular
organizations shown - and described, but that
many modifications may be made without de-
parting from the scope of my invention as set
forth in the appended claims.
What I claim is:

1. In a modulation system, the combination. of ‘

a source of alternating current voltage, a photo-

electric cell including & first cathode and an a550-
ciated first-anode and a second cathode and an .

associated second ~anode, means for ‘applying
a portion of the voltage from said. source to one
pair of said photo-electric: cell elements - and a
tuned circuit in series and means for applying

a second and out of phase voltage with respect to
said above-mentioned portion from said ‘source-

to the other pair of photo-electric cell eélements
and said tuned circuit in series.

2. In a modulating system, the combination of,
a source of alternating current voltage, & photo-
electric cell including a first cathode and an asso-
ciated first anode and a second cathode and an
associated second anode, means for applying a
portion of the voltage from said source to one
pair of said photo-electric cell elements and a
tuned circuit in series, means for applying & sec-
ond and out of phase voltage with respect to
said above-mentioned portion from said source
to the other pair of photo-electric cell elements
and said tuned circuit in series, and including an
electro-static shield - interposed between said
anode-cathode pairs of elements of said photo-
electric cell.

3. In a moculating system, the combination of,
g source of alternating current voltage, a photo-
electric cell including a first cathode and an
associated first anode and a second cathode and
an associated second anode, means for applying a

3

portion of the voltage from said source to one
pair. of said photo-electric cell elements and a

tuned circuit in series, means for applying-a sec-

ond and out of phase voltage with respect to said
above-mentioned portion from said source to the
other pair of photo-electric cell elements and said
tuned circuit in series, and including a source of
modulated light directed upon one of said photo-
electric cell anodes. .

4. Tn a modulating system, the combination of,
a source ‘of alternating current voltage, a photo-

_electric cell including a first cathode and an asso-

ciated first anode and a second cathode and an
associated second anode, means for applying a
portion of the voltage from said source to one
pair of said photo-electric cell elements and a
tuned circuit in series, means for applying a sec-
ond and out of phase voltage with respect to said
above-mentioned portion from: said source to the
other pair of photo-electric cell elements and
said tuned circuit in series, and including a source
of modulated light directed upon one of said
anodes and a source of unmodulated light di-
rected upon the other of said anodes.

5. In a modulating system, the combination of,
a source of alternating current voltage, a photo-
electric cell including a first cathode and an asso-
ciated first anode and a second cathode and an
associated second anode, means for applying &
portion of the voltage from said source to one
pair of said photo-electric cell elements and a
tuned circuit in series, means for applying a sec-
ond and out of phase voltage with respect to said
above-mentioned portion from said source to the
other pair of photo-electric cell elements and sald
tuned cireuit in series, and means for maintain-
ing the components of said system at a substan-
tially constant temperature.

ALFRED W. BARBER.
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