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My invention relates to signaling systems and, 
more particularly, to systems of the type wherein 
the transmitted signals are representative of light 
impinging upon a photoelectric cell. 

Heretofore, in facsimile transmission Systems 
wherein a photocell is used to control the develop 
ment of signals in accordance with conditions 
of light and shade to which it is exposed, the 
modulation of the carrier wave has been effected 
through the use of a light chopper and an aSSO 
ciated alternating current amplifier, or a direct 
current amplifier and modulator. In the va 
rious systems embodying a light chopper, the 
wave shape developed has not been entirely satis 
factory. That is, the wave has not been of such 
shape as to provide for most advantageous con 
ditions of operation. This disadvantage is at 
tributed to the light chopper. 

Furthermore, in many of the facsimile Scan 
ners proposed heretofore, it has been quite awk 
Ward and difficult to place the chopper in the 
mechanical system without sacrificing. certain 
desirable features. In the various Systems en 
bodying a direct current amplifier, difficulties 
have been encountered due to a pronounced 
tendency of the amplifier to drift, that is, to 
depart from its adjustment in such degree as to 
materially interfere with the fidelity of the repro 
duced picture. 
With the foregoing in mind, it is One of the 

objects of my invention to provide improved ap 
paratus for modulating an electrical wave which 
avoids the various disadvantages referred to in 
apparatus of this character proposed heretofore 
and which, more specifically, is relatively stable 
and capable of holding its setting over long 
periods of time, as well as simple to build and use. 
Other objects and advantages will hereinafter 

appear. 
In accordance with my invention, an electrical 

Wave is modulated by employing a balanced cir 
cuit which includes thermionic tubes Of the So 
called screen-grid type, and wherein the Wave 
to be modulated is applied to the screen-grid of 
each tube, the plate circuits of the latter being 
connected in parallel, and the adjustments being 
such that the voltage waves in the two plate cir 
cuits are of equal amplitude but one hundred. 
and eighty degrees out of phase when the circuit 
is balanced. 

More particularly, in accordance with my in 
wention, apparatus for modulating an electrical 
Wave is provided Wherein a pair of thermionic 
tubes of the so-called screen-grid type are con 
nected in a balanced circuit, the plate circuits 

of these tubes being connected in parallel, the 
adjustments being Such that the voltage waves 
in the two plate circuits are of equal amplitude 
but one hundred and eighty degrees out of phase 
When the circuit is balanced, the wave to be 
modulated being applied to the Screen-grid of 
each tube, the control grid of One tube having its 
biasing potential varied in accordance with con 
ditions of light and shade to which the photocell 
is subjected, and wherein the potential of the 
control grid of the other tube is maintained 
Substantially constant independently of Occur 
ring variations in conditions of light and shade 
to which the photocell is subjected. 
My invention resides in the provision of appa 

ratus and system of the character hereinafter 
described and claimed. 

For the purpose of illustrating my invention, an 
embodiment thereof is shown in the drawing, 
Wherein 

Figure 1 is a diagrammatic view of a system 
embodying my invention; 

Fig. 2 is a graphical illustration in explanation 
of the principle of operation of the System in 
Fig. 1; and 

Figs. 3 and 4 are fragmentary, diagrammatic 
views, illustrating several modifications in Fig. 1. 
With reference to Fig. 1, my improved appa 

ratus comprises a balanced circuit including a 
pair of Screen-grid tubes, wherein the plate cir 
cuits of the latter are connected in parallel and 
wherein the electrical Wave to be modulated is 
applied acroSS a resistor also included in the bal 
anced circuit and having its ends connected re 
spectively to the Screen-grids of the tubes, the 
adjustment being Such that the voltage impressed 
on the screen-grids are the same at any instant 
but One hundred and eighty degrees out of phase. 
The biasing potential on the control grid of one 
tube is varied in accordance with occurring vari 
ations in an electrical condition to unbalance 
the circuit. The potential On the control grid 
of the other tube is aaintained substantially con 
stant independently of the occurring variations 
in the electrical condition referred to. 

More Specifically, my improved apparatus com 
prises, for example, a balanced circuit including 
a resistor 10 across which the electrical Wave to 
be nodulated is applied by connections 11 and 
12. A pair of similar screen-grid tubes 13 and 
14 are connected in and form a part of the bal 
anced circuit, the plates of these tubes being con 
nected to the common point 15, whereby the plate 
circuits are connected in parallel. The screen 
grids 6 and 17 of these tubes are connected, re 
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2 
spectively, to the ends of the resistor 10, as shown. 
The plates of the tubes 13 and 14 are con 

nected to the resistor 10 through a common 
connection including a resistor 18, a battery 19, 
and an adjustable contact 20. In operation, the 
Contact 20 is initially adjusted SO that the volt 
age Waves impressed on the screen-grids 16 and 
17 are one hundred and eighty degrees out of 
phase at any instant, and of such relative am 
plitudes that the voltage amplitudes in the plate 
circuits are equal and opposite. The bias for 
the control grid 21 of the tube 14 is determined 
by adjustment of a contact 22 associated with 
a resistance 23 connected, as shown, across a 
battery 24. The control grid 25 of the tube 13 
is also biased by the battery 24, through a suit 
able resistor 26. 

In using my improved apparatus and control 
ling development of picture signals in a facsimile 
transmission system, a photocell 27 is connected, 
as shown, across the resistor 26 through a bat 
tery, 28 Supplying a suitable positive potential to 
the anode of the photocell. As is well known, the 
photocell 27 draws more or less current depend 
ing upon conditions of light and shade to which 
the same is subjected. In the system shown, 
variations in these conditions are determined 
by the amount of light reflected from the sur 
face of a picture wrapped about the usual drum 
29 forming part of the transmitter. 

In Setting up the apparatus, the contact 22 
is so adjusted that the bias on the control grid 
21 is the same as that on the control grid 25 
under conditions whereat no light is received by 
the photocell 27, in which case the alternating 
current component in the resistor 18 is balanced 
to zero, because the voltage waves in the plate 
circuits of the tubes 13 and 14 are then of the 
Same amplitude and one hundred and eighty 
degrees out of phase. 
The adjustments referred to are such that the 

tubes. 13 and 14 operate on the straight line 
portions of their respective characteristic curves, 
and in the region A, as indicated in Fig. 2. It is 
proposed to make the resistor 18 relatively high, 
for example, 2 megohms, so that the screen-grid 
voltages, as determined by a battery 30 of about 
6 volts, are very low compared to the voltage 
applied to the plates by the battery 30 and the 
battery 19 of about 90 volts. 
The alternating current carrier is supplied by 

a suitable thermionic oscillator designated gen 
erally by the reference numeral 31, the voltage 
being Such that it will not Swing the Screen-grids 
16 and 17 beyond the straight line portions of 
the characteristic curves. 

In considering the operation of the system, it 
is important to note that, On account of the 
adjustments and the connections as shown in 
Fig. 1, both tubes 13 and 14 have such poten 
tials at any instant on their respective and cor 
responding electrodes when the photocell is re 
ceiving no light, that the circuit remains bal 
anced independently of Occurring variations in 
the amplitude of the carrier wave. Further, the 
control grid bias of the tube 13 is equal, Sub 
stantially, to the potential Supplied by the bat 
tery 24, since the potential gradient across the 
resistor 26 is very low when the photocell 27 is 
receiving no light. 
In operation, when light is reflected on the 

photocell 27, the same will draw a corresponding 
amount of current to cause variation in the volt 

1,988,472 
age across the resistor 26. The potential of the 
control grid of the tube 13 will thereby be 
changed, so that the amount of alternating cur 
rent in the plate circuit of this tube is no longer 
balanced out by the alternating current in the 
plate circuit of the tube 14. The difference ap 
pears as an alternating current voltage across 
the resistor 18, and this voltage is applied 
through the connections 32 to the grid circuit 
of a suitable amplifier 33. The modulated car 
rier is caused to pass through a suitable filter 
34 designed to pass the carrier and its side bands 
but to reject those frequencies which are used 
to modulate the carrier. After passing through 
the filter 34, the modulated carrier is amplified 
by a suitable amplifier 35, and supplied to the 
usual radio transmitter 36. 
A Suitable Oscillator, designated by the ref 

erence numeral 37, supplies to the transmitter 
a Synchronizing tone of any suitable frequency, 
Such as, for example, 230 cycles. 
With the adjustment just described, the man 

ner of operation is sometimes referred to as 
positive modulation, this action being determined 
by the fact that the adjustments are such that 
the tubes 13 and 14 operate in the region A. 

For the purpose of providing for the reverse 
Operation, referred to as negative modulation, a 
Second contact 38 is associated with the resistor 
10 and adjusted at a point whereat the circuit 
Will be balanced when the photocell 27 is sub 
jected to the maximum light intensity. A switch 
39 provides for convenient connection to either 
the contact 20 or the contact 38. With the con 
tact 38 effective, the tubes 13 and 14 Operate 
in the region B, and the percentage of modu 
lation of the carrier wave increases consequent 
and corresponding to conditions of decrease in 
light intensity to which the photocell is sub 
jected. 

In embodying my improved apparatus in sys 
tems requiring high power output, or systems 
wherein the conditions are such that resistance 
coupling, as shown in Fig. 1, would not lend 
itself particularly to the conditions of frequency, 
it is proposed to employ impedance or trans 
former coupling at the input and output ends 
of the balanced circuit. For example, in Fig. 3, 
the transformer 40 is shown substituted for the 
resistor 10 in Fig. 1, thereby providing for trans 
former coupling between the source of the carrier 
Wave and the screen grids 16 and 17. The con 
nections, otherwise, are the same as shown in 
Fig. 1. 
When transformer coupling is used in this 

way, the connection between the battery 19 and 
the secondary winding 41 of the transformer is 
permanent and Substantially at the middle point 
Of this winding. With this connection, the 
balance is effected by adjustment of the resist 
ance 23, and the selection for positive or negative 
modulation is made by providing a second con 
tact 42 corresponding to, and serving the same 
purpose as the contact 38 in Fig. 1. 

Fig. 4 shows the manner of connecting a choke 
coil 43 in substitution for the resistor 18 in Fig. 
1 when it is desired to employ impedance COU 
pling between the output of the balanced circuit 
and the grid circuit of the amplifier 33. 
From the foregoing it will be seen that an im 

proved apparatus for modulating an electrical 
wave has been provided which is relatively stable 
and is capable of holding its adjustment for long 
periods of time, which is relatively simple and 
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easy to operate, and which has the advantages 
referred to when embodied in a facsimile trans 
mission system in place of the light choppers and 
direct current amplifiers and modulators used 
heretofore. 
My apparatus may also be used to modulate an 

audio frequency for line transmission of facsimile 
signals, it may be used directly at a radio trans 
mitter for modulating the carrier, and, also, it 
may be used in television systems to eliminate 
the audio system, either by supplying a 200 kilo 
cycle or 300 kilocycle carrier to the modulator, or 
by modulating the radio carrier directly. 

Furthermore, it is contemplated to embody my 
improved modulating apparatus in a system 
wherein other means than light-controlled ap 
paratus, Such as a facsimile transmitter and the 
aSSOciated photocell, are employed for modulat 
ing the carrier wave by varying the potential 
across the resistor 26. For example, in an audio 
System, the photocell 27 in Fig. 1 would be re 
placed by a condenser microphone or other suit 
able device for translating sound waves into elec 
trical waves. In such case, the adjustments for 
positive modulation would be such that the circuit 
is balanced at conditions whereat the microphone 
is not being subjected to any sound waves, or con 
Versely, for negative modulation the circuit would 
be balanced when the microphone is subjected to 
the peak sound wave. 

I claim as my invention: 
1. In apparatus for modulating an electrical 

wave, a balanced circuit, a resistor forming part 
of said circuit and through which said wave is 
caused to paSS, a Second resistor forming part of 
Said circuit and acroSS which the modulated wave 
appears, a screen-grid tube connected to an end 
of Said Second resistor and having its screen 
grid connected to one end of said first-named 
resistor, and a second screen-grid tube connected 
to said end of said second resistor and having its 
Screen-grid connected to the other end of said 
first-named resistor. 

2. In apparatus for modulating an alternating 
current Wave in accordance with variations in 
an electrical effect, first and second thermionic 
tubes each having a plate and a control grid and 
a Screen-grid, the plate circuits of said tubes 
connected in parallel, a resistor having its ends 
connected respectively to the screen-grids of said 
tubes, connections for applying said wave across 
Said resistor, means for supplying the control 
grid of One of said tubes with a biasing voltage, 
means associated with said first-named means 
and operable to effect variations in said voltage 
Corresponding to occurring variatidhs in said elec 
trical effect, and means for supplying to the con 
trol grid of the other of said tubes a biasing volt 
age maintained substantially constant independ 
ently of occurring variations in said electrica 
(effect. 

3. In apparatus for modulating an alternating 

3 
current wave in accordance with variations in an 
electrical effect, a balanced circuit, screen-grid 
tubes forming part of said circuit, a resistor con 
nected between the screen-grids of said tubes, 
means for applying Said Wave. acroSS Said re 
sistor, and a photosensitive device connected to 
only one of said tubes. 

4. In a system for developing electrical signals 
corresponding to variations in an electrical effect, 
thermionic tubes of the screen-grid type and each 
provided with a control grid, means for applying 
an electrical wave to the screen-grids of said 
tubes, and direct-current connection for impress 
ing On the control grid of only one of said tubes 
a biasing direct-current potential varying in ac 
Cordance with occurring variations in said effect. 

5. In a system for developing electrical signals 
corresponding to variations in an electrical effect, 
a balanced circuit, thermionic tubes of the screen 
grid type each provided with a plate and a con 
trol grid, said tubes forming part of said circuit 
and having their plates connected to a common 
point therein, a first resistor forming part of said 
circuit and having its ends connected respectively 
to the screen-grids of said tubes, means for ap 
plying an alternating current carrier wave across 
said resistor, a source of direct current and a 
second resistor connected in series therewith, such 
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Series being connected between said common 
point and a point on said first resistor determin 
ing the condition of balance of said circuit, means 
for impressing on the control grid of One of Said 
tubes a given biasing potential at conditions 
whereat said electrical effect is at a given value in 
its range of variation, means for developing Said 
electrical effect and for varying said biasing 
potential in accordance with occurring variations 
from said given value, and means for impressing 
on the control grid of the other of said tubes a 
biasing potential maintained substantially con 
stant independently of occurring variations in 
said electrical effect from said given value. 

6. In apparatus for modulating an alternating 
Current Wave in accordance with variations in an 
electrical effect, first and second thermionic tubes 
each having a plate and a control grid and a 
Screen-grid, the plate circuits of said tubes con 
nected in parallel, connections for applying said 
wave to the screen-grids of said tubes, means for 
supplying the control grid of one of said tubes 
with a biasing voltage, means associated with 
Said first-named means and operable to effect 
variations in said voltage corresponding to oc 
Curring variations in said electrical effect, means 
including a resistance providing a direct-current 
Connection between said second-named means 
and said control grid, and means for Supplying to 
the control grid of the other of said tubes a 
biasing voltage maintained substantially constant 
independently of occurring variations in said elec 
trical effect. 
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