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This invention relates to a photocell modulator
useful in telefacsimile transmission and reldated
arts.

In general terms, the object of the invention: is
to provide an-improved scanning arrangement for
facsimile systems and the like.

Another object of the invention is to provide g
photocell modulator which is stable in adjust-
ment, and which is not affected by atmospheric
conditions encountered in: actual-service.

A further object of the invention. is to improve
the operation: and: simplify the construction of
photocell modulators of the: type Wthh are dew
signed to transmift both. positive and negative
modulated signals.

In a preferred form of optical scanning appa-
ratus for the transmitter of a telefacsimile sys=
tem, a balancing bridge arrangement is employed
by means of which an alternating=current carrier
can be inmipressed upon the plhictocell or' cells in
such & manner that the output current from the
scanning system is-g constant frequency carrier;
the amplitude of which is & function of the iltumix
nation of the light-sensitive cell. The most ef-
fective modulator grrangément of this charsecter
in: general use, described in the prior patent of
Austin G. Cooley, No. 2,298,466, dated October
13, 1942, employs u capacity-resistance bridge
(which includes- the inherent capacity between
the electrodes of the photocell or cells) to trans=
late light signals into current variations of an
applied carrier current. In operation the inter-
electrode capacity of the cell is balanced by a
trimmer condenser, the capacity of which must be
adjusted and maintained very closely for opti-
mum results. In the modulator systerm described
in said prior patent, the ftrimmer condenser is
connected- directly to the output circuit of the
cell. In practice, with this arrangement, it has
been found difficult to adjust and maintain the
constants of the modulator system with the neces-
sary precision. This is partly due to the extreine
sensitivity of the phictocell and associatéd am-
plifier to changes in the capacity or leakage of
the cell cathode circuits, which are’ directly con-
nected to the input circuit of the amplifier. In
addition; laboratory tests have now shown' that
another effeéct is present; i. e., a phase shift in the
equivalent impedances of th‘e' space paths between
the cathode and anodes of the. cell (both anodes
in the case of a: double-gnode cell) when the illi-
mination of the cell is changed. Improved: re-
sults are obtained, in accordance with the inveri-
tion, by a novel compensative circuit which main-
tains' a- balanced bridge in- spite of the phase-
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2
shift' phenomena- referred- to. Still. another ad-
vantage of the modulator a.ccordmg to the in-
vention is-that the trimmer condenser and. otler
elements of the compensating. circuit are not. di-

. rectly connected- to the photocell cathode, which

is only connected: to the grid-hias resxstor and
the control grid of the pre- amphﬁer stage. This
renders the' cell circuit less sensitive to atmos-
pheric changes-and- the like, which have hereto-
fore hampered the use of efficient cells in-certain
applications: o

Other’ objects and advantages of the invention
will appear from- the folloewing description. of the
preferred- embodiments thereof shown: on the ac-
companying drawings, wherein , ]

Fig. I is & circuit diagram-of a: photocel] modu-
lator embodying the invention: angd including ele-
ments of a telefacsimile transmitter;

Fig. 2-is- a simplified diagram- of the- photocell
modulator shown: in Fig..1;

Fig. 3-is & detailed. view 111ustrat1ng the: con-
struction- of the photocell: shown.: in Flg 1;

Pig. 4 is a circuit diagram. of- 5 modification;
and

Fig. 5 is-o simplified. diagram-of the bridge and
compensating circuits shown: in: Fig, 4.

Referring to Fig. 1; there is shown in schematic
foerm-the photoelectmc components. of- a telefac-
simile transmitter comprising- & conventionai ro-
tating drum {0 carrying the picture or copy to be
transmitted; an exciter lamp 1! and condenser
lens 12 for illuminating: the copy being. scanned;
and a photocell 13 for generating a signaling cur-
rent modulated in-accordance with the variations
in. shading of the successive elomental areas of
the copy wrapped-around the:drum-18. The drum
18-is rotated at a-uniform speed and at-the same
time moved-in an axial direction so that elemental
areas of the copy are scanned successively from
one side to'the other. It will be understood-that
the invention is not limited to- such applications
as that illustrated- but may be used. in: electro-
optical systems generally where g modulated car-
rier is generated:; .

The- light-sensitive- cell: 13: is- provided with- a
cathode 4 haviag an emissive coating on one side
thereof and two anodes | 5, 16 on-opposite sides of
said cathode. 'The photocell 13 may be the
RCA: type 1645 photocell as illustrated in Fig. 3.
This cell is a- highly-evacuated rubidium. cell but
any other suitable cell may be employed, depend-
ing upon the spectral response or other charac-
teristic desired.

As shown in-Fig. 3, the preferred. construction
of cell: ig- provided- with- the usual base 26 and
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glass envelope 21 in which the electrodes are
sealed. The cathode 1§ and ancdes {5 and 16
are mounted in a re-entrant press 23 in which
lead-in wires connected to the socket pins 24 are
sealed. As shown the anode 15 comprises a loop
of wire, the sides of which are disposed adja-
cent the outer edges of the cathode 14 so that
they do not obstruct the passage of light to the
coated surface of the cathode.  The upper ends
of the electrodes are anchored in an insulating
disc 25 of mieca or other suitable insulating ma-
terial. The size and spacing of the anodes 15
and 1§ with respect to the cathode 14 are such
that the cathode-anode capacifies are approxi-
mately equal. The construction shown however is
merely illustrative of a suitable cell which may
be employed in earrying out the invention and
may be modified if desired.

Referring again to Fig. 1 the photocell modu-
lator embodying the invention incorporates the
general prineiples of that shown in the above-
mentioned Cooley patent but differs therefrom in
detailed construction. As shown the modulator
arrangement includes a.source 27 of aiternating
electromotive force which is connected to the
anodes {5 and {6 of the photocell 3. The modu-
lator thug comprises a bridge network including
as two arms thereof the cathode-anode capacities
of the cell. The bridge network further com-
prises two series resistance arms paralleling the
capacity arms referred to and also connected
across the terminals of the source 21, said series
resistance arms including resistors 28, 29, 30 and
31 in series relation and a potentiometer 32 in
parallel with the resistors 29 and 30. The com-
mon terminal of resistors 29 and 38 provides a
mid-point connection for the resistance arms of
the bridge while the potentiometer 32 having its
adjustable tap connection grounded permits the
biasing of the cell so that the picture or copy
may be transmitted as either a positive or & neg-
ative as desired (zero output for either maximum
or minimum light intensity).

The mid-point of the resistance arms of the
bridge is ccnnected through conductor 34 and
resistors 35 and 36 to the cathode 14 of the
photocell. A trimmer condenser 38 is connected
between the anode 15 and the common terminal
of the resistors 25 and 36 in order to permit the
precise matching of the cathode-anode capacities
of the photocell. In actual service the condenser
28 is properly adjusted during the initial wiring
and line-up of the photoelectric equipment for
not only the capacities between the cathode and
anodes of the cell but also the capacity between
the wires or conductors leading to the electrodes
of the photccell. However, once the trimmer con-
denser 38 is properly adjusted it is not necessary
to change it unless the photocell has to be re-
placed or some other change occurs which affects
the capacity balance of the bridge; i. e., it is not
altered during normal operation,

In order to simplify the explanation of the
bridge circuit employed, it has been redrawn in
simplified form in Fig. 2. In this diagram, Ci and
CZ represent the cathode-anode capacities be-
tween the cathode and the front or operative
anode and the back anode respectively. The
resistors 28, 28, 38, 3{ and 32 have been replaced
by a potentiometer £1 having a mid-point tap
connection to the resistor 35 and an adjustable
tap 42 connected to ground. The size of the trim-
mer condenser 38 depends upon the amount of
capacity unbalance in the cell and its connec-
tion in the bridge obviously depends upon whether
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Cl or C2 is greater. The trimmer condenser 38
is shown in dotted lines because it is only required
when the capacities Cl and C2 are unequal and
for purposes of explanation we can assume that
they are equal. It will be obvious that when the
cell is dark, if the cathode-anode capacities Ci
and C2 are equal and the adjustable tap 42 is
at the mid-point of the potentiometer 4{, the
bridge is symmetrical and there will be no out-
put voltage applied to the control grid of the
tube 45 in the amplifier.

The adjustment of the tap 42 (or potentiometer
32, Fig. 1) until the output carrier is 2 minimum
when the illumination of the cell is a minimum
is employed in negative transmission. With this
adjustment, during the scanning of the copy
the light reflected from the white or gray por-
tions changes the equivalent impedance of the
space path beiween the cathode {4 and front
ancde 5. A smaller change in impedance oc-
curs in the space path between the cathode (4
and back anode 18 (represented in Fig. 2 by the
fixed condenser C2). Since Rl and R2 remain
unchanged the bridge becomes unbalanced when
light impinges on the cell cathede and a modu-
lated carrier of the frequency of the source 27 is
impressed upon the grid of the amplifier £5. The
magnitude of the output carrier is directly pro-
portional fo the level of illumination of the cell
at any instant. In this manner, a modulated car-
rier is obtained which can be employed at the re-
ceiver to produce a negative facsimile of the
copy being scanned gt the transmitter.

In positive transmission, the modulation of the
carrier is reversed, i. e.,, the amplitude of the
carrier decreases as the lighter portions of the
copy are scanned. Thus if the bridge modulator
is to be used for both positive and negative trans-
mission, it must be possible to balance the bridge
(by adjustment of the tap 42) for various levels
of illumination of the photocell corresponding to
the light reflected from either the lightest or the
darkest portion of the copy to be transmitted.
This would involve no difficulty if the illumination
of the cell only altered the capacity of Cl with
respect to C2, as compared to the dark-cell con-
dition, However it is found that when light
strikes the photocell cathode, there is a slight
phase shift in the equivalent impedances of the
space paths between the cathode 14 and the
anodes {5 and 16. Since the predominant change
occurs in the space path between the cathode and
the front anode 15, the effect is represented by a
resistor R4 (shown in dotted lines in shunt re-
lation to the photocell capacitance Ct). The
phase shift referred to varies depending upon the
amount of light striking the cathode.

On account of the unequal phase shift in the
potential drops across Ct and C2, it is apparent
that the bridge cannot be exactly balanced by
adjusting tap 42, which is arranged to impress a
bias potential on the grid of amplifier 49, since
this potential will not be exactly 180° out of phase
with that appearing on the cathode 14, There-
fore, in accordance with the invention, the trim-
mer condenser 38 is so adjusted with respect to
the relative magnitudes and phase relation of Ci
and C2, under both dark-cell and illuminated cell
conditions, as to effect an approximate balance of
the bridge at any level of illumination of the cell.
In this manner, a compromise can be made so
that while the bridge cannot be perfectly bal-
anced, it can be balanced by means of the poten-
tiometer 82 to a point where the minimum carrier
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output is sufficiently low for both positive and
negative transmission.

The size of the trimmer condenser 38 is deter-
mined by the capacity unbalance of the photocell
structure and by the values of resistors 35 and
36, which may be 10,000 ohmgs and 2 megohms, re-
spectively, if an ordinary ceramic trimmer con-
denser of 6.5 to 35 mmf{. capacity is used. As the
ratio of resistor 36 to resistor 35 increases for a
total series resistance R3 of two or three meg-
ohms, the size of the trimmer condenser required
to balance different cells increases. It is evident
therefore that the values given are only exem-
plary. The arrangement described has the ad-
vantage that a larger trimmer condenser is used
than would be employed if connected directly to
the cathode of the cell, and the unavoidable
minute variations of the capacity of such con-
denser resulting from condensation of moisture
or other causes do not affect the constants of the
bridge sufficiently to upset the operation in nor-
mal service over a prolonged period. The values
of R1 and R2 are not critical and may be for ex-
ample, a few hundred ochms. A conventional two-
electrode cell may also be employed in the modu-
lator shown, with the capacitance C2 between the
cathode {4 and anode {§ of the photocell shown
" replaced by an external condenser,

Referring again to Fig. 1, a conventional multi~
stage amplifier is shown of which the first stage
is the tube 45 having the usual cathode-bias re~
sistor 46, The tube 45 may be a high-gain
pentode tube such as the type 7C7 or 7L7. The
anode of this tube is connected through a con-
denser 47 to the control grid of a second pentode
tube 48 of the same type. The coupling con-
denser 47 is selected to provide desired amplifi-
cation of a carrier of the frequency of a source
21, for example .6025 mifd. capacity in the case
of a carrier of, say, 1800 cycles per second. The
anode of the amplifier tube 48 is connected
through a condenser 49, for example of .0005 mid.
capacity to the control grid of the third vacuum
tube 58. This tube may be of the type 7C5 con-~
nected as a triode and operating as a class A out-
put amplifier. The output circuit of the vacuum
tube 50 is connected through a transformer 5! to
the line output circuit. A meter 52 connected in
series with a resistor 53 across the output circuit
is provided to indicate the output level. A poten-
tiometer 54 may be arranged to function as a gain
control, This amplifier is shown by way of ex-
ample and may be modified without departing
from the scope of the invention.

A feedback coupling condenser 55 is preferably
connected between the output circuit of the first
or third stage of the amplifier to the mid-point
of the resistors 29 and 30. This affects degenera-
tive coupling which serves to reduce the residual
unbalance current, principally second harmonic,
when the bridge is brought to the balance condi-
tion, without materially affecting the output of
the bridge under unbalance conditions. The
effect is to improve the balance of the bridge ob-
tainable by adjustment of the potentiometer 32
under all conditions of illumination of the cell
since it must be realized that the problem in-
volved in a modulator of the clase described is to
obtain an approximately exact balance with the
use of a single manual control under either the
dark-cell or illuminated-cell condition,

The described modulator system generates pic-
ture signals adapted to operate conventional fac-
simile receiving apparatus to reproduce a facsimile
of the picture or copy on the transmitting drum
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{8. Examples of a suitable facsimile receiver
are shown in the patent to A. G. Cooley, No.
1,702,595, granted February 19, 1929, and the pat-
ent. to H. B. Ives, No. 1,695,048 granted December
11, 1928.

A modified form of the invention embodying
further advantages is illustrated in Fig. 4. Re-
ferring to this figure, a bridge modulator is shown
associated with the optical scanning mechanism
of a telefacsimile transmitter similar to that
shown in Fig. 1. A source 64 of alternating elec~
tromotive force is connected to the anodes {5 and
i of the photocell {3 and to the terminals of
the resistor network 2. The network 62 forms
two resistance arms of the modulator bridge cor-
responding to the resistance arms of the bridge
shown in Fig, 1, and includes a potentiometer 63
corresponding to the potentiometer 32 of Fig. 1.
The mid-point of the bridge arms of the network
62 is connected through a grid-bias resistor 64
to the cathode {4 of the photocell and to the
control grid of the amplifier 65. The cathode. of
the amplifier €5 is connected through the cathode-
bias resistor 66 to ground.

In this modification an improved compensating
circuit is provided which enables the bridge to be
balanced more precisely for zero output for either
positive or negative modulation without render-
ing the cell or amplifier sensitive to atmospheric
changes, or unavoidable leakage or capacity vari-
ations of any character. This compensating cir-
cuit comprises a shunt resistor 68 bridged across
the terminals of the source 81 and the anodes of
the photocell {3, together with a condenser. 69
connected between an intermediate point of the
resistor 68 and ground. ‘

The bridge modulator circuit of Fig. 4 has been
redrawn in simplified form in Fig. 5, with Cl and
C2 representing the equivalent impedances of the
space paths between the cathode and the respec-
tive anodes 15 and 16 of the photocell 13. The
adjustable tap on the resistor 68 is set during
initial adjustment of the circuit to a point where
the bridge may be balanced to zero for any level
of illumination of the cell 13 (the potentiometer
63 being adjusted to different points for the dif-
ferent levels while the connection of the condenser
68 to the resistor 68 remains fixed after it has
been properly adjusted). The size of the con-
denser €9 is not critical and may, for example, be
of approximately 0.5 mf. for the RCA No. 1645
photocell. The resistance of the resistor 68 is
sufficiently high to limit the loading of the source
81 to the desired extent. )

When the tap connection of the condenser 69
to the resistor 88 has been properly adjusted,
positive or negative transmission may be effected
at any level by suitable adjustment of the poten-
tiometer 83. This means that the potentiometer
83 may be adjusted so that there is no potential
developed on the grid of the amplifier at any level
of illumination of the photocell. Thus the poten-
tial difference developed across the resistor 64 by
the photocell, at different levels of illumination,
must be exactly balanced by the potential dif-
ference across the section of the potentiometer
€3 between the left hand terminal of resistor 64
and the grounded tap on the potentiometer. The
compensating circuit including the condenser 69
therefore corrects both for inequality between CI
agnd C2 resulting from lack of symmetry in the
cell construction and for the phase shift in the
equivalent impedances of the space paths in the
cell when the cell is illuminated.

‘The compensating circuit shown has been found
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to work satisfactorily with almost any cell of the
type referred to, .in spite of the wide variation
In sensitivily encountered in such cells and the
differences in spacing between the electrodes of
different cells. In addition to compensating for
such variations in individual cells, when the pho-
tocell is dark, the connection of the resistor 68
and condenser 69 to the carrier source 61 and to
the tap on the potentiometer 63 enables the bridge
to be balanced for any level of illumination of the
cell solely by adjustment of the potentiometer €3,
i. e., when the tap on the variable resistor 68
is set correctly for the particular cell, the phase
shift in the equivalent impedances of the space
paths in the photocell, when illuminated, is
matched by the compensating circuit so closely
that the residual unbalance current for the null
adjustment is extremely small. In some instances,
further compsensation to improve the balance can
be obtained by connecting a bias potential of the
order of 0.5 volt through a resistor 7l to either
anode {5 or anode 16 of the photocell, as explained
in the copending application of John R. Shon-
nard, Ser. No. 517,603, filed January 8, 1944. 'This
bias can be omitted if desired.

Modulated carrier output corresponding to the
picture or copy being scanned by the photocell is
impressed upon the control grid of the amplifier
65 and may be further amplified by the amplifier
12 before it is impressed upon the line circuit.
The amplifier 72 may be similar to the second or
third stages of the amplifier shown in Fig. 1, or
any other suitable amplifier of the same general
type may be employed as well known to those
skilled in the art.

Various modifications in the moedulator circuits
shown and described above for the purpose of
explaining the invention may be made without
departing from the scope thereof.

Iclaim:

1. In a photocell modulator, in combination, g
photocell provided with a cathode and two an-
odes, an output circuif for said cell connected to
said cathode, a source of alternating electromo-
‘tive force, a capacity-resistance network connect-
ed between said source and the output circuit of
said cell, said network comprising a bridge two
arms of which are constituted by the space paths
between the cathode and anodes of the photocell,
-resistors constituting the opposite arms of said
bridge, a resistor connected between the two ter-
minals of the bridge formed by the photocell
cathode and the midpeint of the opposite arms of
the bridge, connections between the terminals of
said alternating source and the other terminals
of said bridge, an adjustable ground connection
for the resistance arms of said bridge to permit
the adjustment of the modulator to obtain mini-
mum output current for any predetermined illu-
mination of the cell and means including g con-
denser additiona] to the above-mentioned arms
of said bridge for compensating for the charac-
teristics of the photocell whereby said minimum
output for the balanced adjustment of the bridge
1is substantially zero.

2. In a photocell modulator, in combination, a
photocell provided with a cathode and two
anodes, an output circuit for said cell connected
to said cathode, a source of alternating electro-
motive force, a capacity-resistance network con-
nected between said source and the output cir-
cuit of said cell, said network comprising a bridge
two arms of which are constituted by the space
paths between the cathode and anodes of the
photocell, resistors constituting the opposite arms
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of said bridge, a resistor connected between the
two terminals of the bridge formed by the photo-
cell cathode and the midpoint of the opposite
arms of the bridge, connections between the ter-
minals of said alternating source and the other
terminals of said bridge, an adjustable ground
connection for the resistance arms of said bridge
to permit the adjustment of the modulator to
obtain minimum output current for any prede-
termined illumination of the cell, a shunt re-
sistor connected across the terminals of said
alternating source and capacitance connected be-
tween an intermediate point on said last-men-
tioned resistor and ground to provide a more ex-
act balance of the bridge for any desired setting
of the adjustable ground connection.

3. In a photocell modulator, in combination, a
photocell provided with a cathode and two
anodes, an output circuit for said cell connected
to said cathode, a source of alternating electro-
motive force, a capacity-resistance network con-
nected between said source and the output cir-
cuit of said cell, said network comprising g bridge
two arms of which are constituted by the space
paths between the cathode and anodes of the
photocell, resistors constituting the opposite arms
of said bridge, a resistor connected between the
two terminals of the bridge formed by the photo-
cell cathode and the midpoint of the opposite
arms of the bridge, connections between the ter-
minals of said alternating source and the other
terminals of said bridge, an adjustable ground
connection for the resistance arms of said bridge
to permit the adjustment of the modulator to ob-

tain minimum output current for any predeter-

mined illumination of the cell and means to com-
pensate for the phase shift of the equivalent im-
pedances of the space paths in the photocell as
the illumination of the cell varies whereby a
more exact balance of the bridge is obtainable
at any desired level of illumination, said means
comprising resistance in shunt to the anode ter-
minals of the photocell and capacitance con-
nected between a point on said shunt resistance
and ground.

4. In a photocell modulator, in combination, a
photecell provided with spaced electrodes includ-
ing a cathode, an output circuit for said cell, a
source of alternating electromotive force, a bridge
including said photocell and connected to said
alternating source to produce a ecarrier in said
output circuit varying in amplitude with changes
in the illuminaticn of said photocell, said bridge
comprising a resistance provided with an sdjust-
able tap to enable the bridge to be adjusted for
minimum carrier output for either dark or ilhi-
minated cell conditions as desired, and means to
compensate for the phase shift of the equivalent
impedance of the cell as the illumination of the
cell varies whereby a more exact balance of the
bridge is obtainable at any desired level of illu-
mination, said means comprising an impedance
in shunt relation to said cell and capacitance
contnected between said tap and an intermediate
point on said shunt impedance,

5. A photocell modulator according to claim 4,
in which said shunt impedance consists of non-
inductive resistance connected across the ter- -
minals of said alternating source.

6. In a photocell modulator, in combination, a

photocell provided with spaced electrodes includ-

ing a cathode, an output circuit for said cell, a

bridge network including said cell, means to apply

an alternating electromotive force to said net-
work and cell whereby a modulated carrier cur-
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rent is produced in said output circuit as the illu-
mination of the cell varies, said bridge network
comprising manually adjustable means for null
adjustment at which the carrier output is a2 mini-
mum at any predetermined level of illumination
of the cell, and compensating means for correct-
ing for the phase shift in the equivalent imped-
ance of the cell as the level of illumination varies
to provide a more precise balance of the bridge
at the null adjustment, said compensating means
including resistance and capacitance connected
to an electrode of the photocell.

7. In a photocell modulator, in combination, a
photocell provided with spaced electrodes includ-
ing a cathode, an output circuit for said cell, a
plurality of impedances connected to form a bridge
with said cell, means to apply an alternating
electromotive force to said bridge whereby a
modulated carrier current is produced in said
output circuit as the illumination of said cell
varies, means including a potentiometer for null
adjustment of said bridge at which the carrier
current is a minimum at any predetermined level
of illumination of said cell and compensating
means for correcting for the phase shift in the
equivalent impedance of the cell as the level of
illumination varies to provide a more perfect
balance of the bridge at the null adjustment,
said compensating means including capacitance
connected between an electrode of the photocell
and the adjustable tap of said potentiometer.

8. In a photocell medulator, in combination, a
photocell provided with spaced electrodes includ-
ing a cathode, an output circuit for said cell, a
plurality of impedances connected to form a bridge
with said cell, means to apply an alternating
electromotive force to said bridge whereby a
modulated carrier current is produced in said
output circuit as the illumination of said cell
varies, manually operable means for null adjust-
ment of said bridge to reduce the carrier current
to a minimum at any predetermined level of illu-
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mination of said cell and means including a com-
pensating circuit connected to said bridge for
correcting for the variations in the character-
istics of different cells that are used in the modu-~
lator and also for correcting for the phase shift
in the equivalent impedance of the particular
cell in use as the level of the illumination varies
to provide a more perfect balance of the bridge
at the null adjustment.

9. In a photoeell modulator, in combination, a
photocell provided with a cathode and two
anodes, an output circuit for said cell connected
to said cathode, a plurality of impedances con-
nected to said cell to form a bridge, two adjacent
arms of which are constituted by the space paths
between said cathode and the respective anodes,
means to apply an alternating electromotive force
to said bridge whereby a modulated carrier cur-
rent is produced in said output circuit as the illu-
mination of said cell varies, and means providing
for null adjustment of the bridge at any prede-
termined level of illumination of the cell, said
last-mentioned means including a resistor con-
nected across the two anodes of the cell and
capacitance connected between said resistor and
one arm of said bridge.
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