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This inventicn relates to a method of and
means for transmission of shaded pictures and
reception of the images over a signalling chan-
nel and particularly to refinements in the meth-
ods thereof. .

It is the object of my invention to provide and
improve the method of transmitting shaded pic-
tures and improved apparatus for carrying out
the method which is simple and efficient, low in
cost and requiring no adjustments at the re-
corder.

Another object of my invention is to provide
means for balancing the curve characteristics
of a facsimile transmitting system.

Another object of my invention is to increase
the speed for transmitting pictures.

Another object of my invention is to definitely
control the duration of the signal impulses ac-
cording to the shading of the scanned picture
elements.

Another object of my invention is to transmit
both the synchronizing and the picture. signals
simultaneously in such a way that they will not
interfere with each other.

Another object of my invention is to provide
for transmitting a picture or other image in such
a way that the reception will not be unfavorably
effected by static.

These cbjects are achieved in part by employ-
ing a simple electric generator with four separate
stator windings. One of said windings produces
a “control wave train” consisting eof a series of
increasing wave train groups, these successive
wave train groups are used to divide the scanned
picture into a series of picture elements.
wave train is used as a unit for accurately meas-
uring the shading intensity of the picture ele-
ment being scanned by a photoelectric cell over
a very wide range of shades and also for con-
trolling the duration of the black and white
picture carriers. The length of these two carriers
of different frequency represents the shading in-
tensity of the picture element being scanned.
These two carriers are used to operate or key the
receiving recorder to the frequency of the wave
train groups. Another winding of the said gen-
erator produces one of the above carrier waves
which carry the black picture signals, consisting
of a series of wave trains of constant amplitude
but skipping a cycle at regular intervals. This
carrier wave will be called the “black keying car-
rier.” The “control wave train” and the “black
keying carrier” are in synchronism. Another
winding of said generator produces the cther car-
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rier wave which is of constant amplitude but of 55

different frequency than the “black keying car-
rier.,” The function of this carrier is to carry
the white picture signals. These two picture
carrier waves have constant amplitudes and ap-
proximately the same signal strength. The said
generator also produces a “synchronizing signal”
which is of much lower frequency than any of the
other three frequencies.

My invention contemplates the transmitting
of three generated frequenciecs plus the change
in duration of time that two of the frequencies
are transmitted which represents the shading of
the picture elements. 'The duration of the “black
keying carrier” depends on the blackness of the
picture element being scanned and the “white
carrier” wave filling in the rest of the time. If
the section of the picture being scanned is pure
black, the “black keying carrier” is so arranged
that it produces its own keying frequency by
dropping a cycle at regular intervals.

In the transmission of pictures by radio it is
desirable that all the energy capable of being
radiated from a given transmitting station be
employed, because the recorded picture depends
in a large measure on the ratio of the signal
energy level to the static interference energy
level at the receiver. In my system the reduc-
tion of this interference is accomplished in two
ways. First, by transmitting continuously with
either cne or the other of the two said carriers
of different frequency which correspond to the
shading of the picture element being scanned.
(At the present time facsimile pictures are being
breadcast by sending out a carrier wave for the

lack picture signal and no carrier wave for the
white portion or vice versa. This reduces the
transmitted energy level.) Second, in receiving
the black and white carriers are filtered out by
separate filters, rectified, and amplified and then
connected to a signal amplifier so that one signal
would oppose the other if they were both on at
the same time, and if the signals had the same
strength they would cancel out, but the two car-
riers are never on at the same time. When
static goes through the receiver it will go through
the two filters and rectifiers with the same
amount of energy in each circuit and will balance
cut because the output of the filters and rectifiers
oppose each other in the signal amplifier. This
will be explained in meore detail later.

There have been quite a number of different
methods invented for synchronizing and framing
pictures in facsimile transmission. One method
sends only a framing impulse each time the pic-
ture is being scanned and this impulse releases
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a clutch which allows the motor to move the
recorder through one cycle or line and then
waits for another impulse to coine along for the
next line or cycle. This system has the disad-
vantage that its releasing time varies with fric-
tion and signal strength and the inertia of the
moving parts tends to prevent the ahsclute syn-
chronism of the recorded picture elements from
line to line. Ancther disadvantage of this sys-
tem is that the synchronizing impulses have to
be very much stronger than the picture signal.
Another facsimile system depends on the local
power circuit for holding the recorder in syn-
chronism with the transmitter after the picture
has been framed. This system works fairly well
on the same power circuit but does not work well
when the transmitter gets its synchronization
from one power system and the recorder gets its
synchronization from a different power system.
Some facsimile systems use invelved complicated
electrical vibrators depending in most cases upon
the impulse synchronizing signals sent by the
{transmitter to control the vibrator.

My present invention depends simply upon
transmitting a continucus synchronizing fre-
quency which controls a synchronous alternator
which is driven by a local motor at-the recorder
in step at all times. This is accomplished by
using this synchronizing signal to continuously
modulate the black and white picture signal car-
riers about 25%. The framing signal at the end
of each line is attained by modulating the white
and black carriers 50% with the synchronizing
signal for a very short time, which allows the
framing clutch to release if the picture is framed
and if not, it frames it. When the pictures are
being changed at the transmitting station the
synchronizing signal modulations are again
changed 509% for fifteen seconds or more. This
operates a delay relay at the receiving recorder
which is set for this time delay and operates a
paper cut-off. It can be seen that the same
synchronizing frequency is used to keep the motor
and recorder in step, frame the picture, and to
cut off the paper.

The operation of the framing clutch is unique
in the fact that it does not function except when
the recorder is out of frame and then it brings
the recorder into frame in one revolution. The
framing clutch is always energized, except when
the framing signal is being transmitted at which
time the clutch releases and if the picture is in
frame it will pass the clutch spring before the
framing cluteh is energized again., In this sys-

tem once the picture has been automatically :

framed the continuous synchronizing signal,
which controls the speed of the driving moter and
the recorder, also holds the rscorder in frame
indefinitely.

Certain other objects and advantages will be
apparent and the invention will be more readily
understood by referring to the following specifi-
cations and the accempanying drawings.

Fig. 1 shows a diagram of a fragmentary sec-~
tion of an alternating current gensrator with two
special stator windings.

Fig. 2 curve A’ shows the increasing wave train
groups generated by the winding A of the gen-
erator. These wave train groups are called the
“control wave train.” Curve B’ shows the con-
stant amplitude carrier wave which drops a cycle
at regular intervals. This voltage is generated
by winding B of the generator and is called the
“black keying carrier.”

Fig. 3 shows schematically the diagram of the
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amplifier circuit and the wave forms in various
parts of the circuit.

Fig. 4 illustrates graphically the output carrier
waves corresponding to the picture elements be-
ing scanned for one cycle of the “synchronizing
frequency.”

Fig. 5 shows a schematic diagram of Fig. 4
showing more definitely the time that the white
and black signals are operating.

Fig. 6 is a schematic diagram of the receiving
amplifying circuit showing its connection to the
recorder as shown in Fig. 7 and Fig. 8.

Fig. 7 shows a cutaway top view of the paper
and the facsimile recorder with the typewriter
ribbon and its operating mechanism removed.

Fig. 8 is the left end view of the facsimile re-
corder showing schematically a cutaway section
of the speed control alternator.

Fig. 9 is the right end view of the facsimile
recorder showing electrical recorder, paper cut-
off and typewriter ribbon.

Fig. 10 is a schematic diagram of a modified
form of a facsimile circuit showing the wave
forms in different parts of the circuit.

Fig. 11 is a schematic diagram of a meodified
form of a facsimile receiver showing how it is
connected. to the recorder.

Referring to Fig. 1 the laminated iren rotor
i1 is secured to shaft 12 by key 3. On the cir-
cumference of rotor 1 are small poles {4 equally
spaced. On the face of the main pele 13 are
stator poles 16, 17, §8, {9, and 29 on which are
wound coils with the same numbers which are
connected in series and will be called winding A.
On the main pole 21 is field coil 22 which is used
to magnetize the poles, making the pole 21 north
and the pole 15 south. Pield ccil 22 is con-
nected to a source of direct current not shown.
The air gap 23 under the pole 21 changes from
3 wide gap to a very narrcew gap as the pole piece
14a moves across the pole face, thus changing
the reluctance of the entire magnetic circuit.
As the pole piece [8b passes under the stator
poles 16, 17, 18, 19, 20, and due fo the changing
of the air gap 23 at the same time, it will produce
an increasing voltage in each of the succesding
coils. The five voltages generated in winding A
are the results of the separate voltages generated
in the stator coils 16, 17, 18, {3, and 28 as shown
by curve A’ in Fig. 2. These increasing volt-
ages 16’ 17’, 18’, 19’ and 20’ correspond to the
voltages generated in stator winding A in Fig, 1.
These voltages represent one group in the “con-
trol wave train.”

On the face of the main pole 24 are small
stator poles 25, 25, 27, and 28 on which are wound
coils of the same numbers. These coils are con-
nected in series. On the face of pole 2§ are
small stator poles 28, 3i, 32, and 33 on which
are wound coils of the same numbers and these
coils are connected in series. Coils 30, 31, 32, and
32 are wound in the opposite direction of coils 29,
26, 27, and 28. These two sets of stator coils are
connected in series and will be called winding
B. Main poles 24 and 29 are excited by coils 34
and 35 which are connected to a direct current
not shown. These exciting coils make pole 24
south and pole 29 north.

As the pole pieces ldc and {4d sweep under
coils 25 and 30 the two voltages generated will
add, and similarly voltages generated in coils 28,
27, and 28 will add to the voltages generated in
coils 31, 22, and 38 respectively. The stator poles
that should come after stator poles 28 and 33 are
left out so that the veltage generated in winding
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B will look like curve B’ in Fig. 2. There will
be four complete cycles of constant voltage gen-
erated and then one cycle will be dropped in this
carrier wave.

The voltages generated in windings A and B in
Fig. 1 are in phase with each other as shown by
the curves A’ and B’ in Fig. 2, which illustrates
graphically the waves as they occur in their re-
spective windings in Fig. 1. The cycle that is
dropped in curve B’ corresponds to the lowest
voltage cycle in curve A’. The voltage increase in
curve A’ for each wave train shown is linear but for
balancing the curve characteristics of some other
part of the amplifier or receiver circuits the ex-
panding voltage may be made to vary as a convex
or concave curve by changing the air gap 23 in
Fig. 1 or changing the number of turns on the
stator poles 16, 11, 18, 19, or 20.

By way of illustration it will be assumed that
the frequency of the voltage generated in wind-
ing A in Fig. 1 is 10,000 cycles and that there are
5 cycles in each expanding wave train. A 5 cycle
group will represent a single picture element.
Therefore there are 2,000 wave trains per second
generated in winding A. Winding B will also
generate a 10,000 cycle carrier wave. In this
carrier 4 cycles will be a constant voltage and the
fifth cycle will be dropped. Therefore there will
be 2,000 wave trains per second of 4 cycles each
synchronized with the 2,000 expanding wave
trains produced in winding A. On the same
shaft of this generator but not shown is a wind-
ing producing a 5,600 cycle constant voltage car-
rier wave. Also on the same shaft of this gener-
ator but net shown is a winding producing a 200
cycle synchronizing frequency.

The first 10,000 cycle winding produces 2,000
wave trains with 5 expanding cycles in each train
or group which is calied the “control wave train.”
The second 10,000 cycle winding produces a 2,000
cycle keying frequency of 4 cycles each with one
cycle missing which is called the “black keying
carrier.” The third 5,000 cycle winding pro-
duces a carrier of constant amplitude which is
called the “white carrier” wave. The fourth 200
cycle winding produces a carrier which is called
the “synchronizing frequency.”

Referring to Fig. 3 the light from the exciter
lamp 49 is focusasd by lens 4t on the picture 42
which is wrapped around the rotating drum 43
which is driven by a 200 cycle synchronocus motor
44 which is connected to the 200 cycle synchro-
nous winding of the generator. The intensity of
the reflected light corresponding to the shading
of picture 42 on drum 43 operates the photoelec-
tric cell 45 and the amplifier tube 46 in such a
manner that the current flowing through the
plate resistance 47 has the characteristic shown
by curve 48, for the white and black shading in-
tensity of picture 42. The negative side of re-
sistance 47 is connected directly to the two screen
grids of the vacuum tubes 48 and 48 and the posi-
tive side is connected to their cathodes. The
primary winding of transformer 5% is connected

to generator winding A shown in Fig. 1 which ¢

produces the “control wave train” which consists
of a series of expanding wave trains A’ shown in
Fig. 2. The secondary of transformer 58 is con-
nected to the controlled grids of tubes 48 and 49
in a pushpull arrangement.
tubes are connected in pushpull to the ocutput
transformer 5!, The change in voltage across
resistance 47 due to the shading of picture 42 is
impressed on the screen grids of tubes 48 and £9
and is used to modulate “control wave train”
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voltage from transformer 80 which is impressed
on the control grids. This voltage is shown by
the schematic wave form A’’. This screen grid
method of modulation is described in detail in
Patent #1,966,066. When the white portion of
picture 42 is being scanned the current in the
plate circuit of tube 48 and through the resistance
41 puts a negative bias on the screen grids of
tubes 48 and 49 so that the output vcltage will
be low and is represented by the wave form A’’{
which is a schematic drawing of a group voltage
curve A’ shown in Fig. 2. As the current in tube
43 decreases due to the dark shading of picture 42
the negative screen grid bias voltage across re-
sistance 47 becomes less and the output of tubes
48 and 43 becomes gradually greater as shown by
the increasing of wave forms A’’2, A’’3, and
A8,

The center tap of the secondary of transformer
51 is connected to a filter, consisting of choke 52
and condensers 53 and 54, which are connected
to the cathode of the double diode tricde tube 55.
The outside wires of the secondary of transformer
51 are connected to the diodes of tube 55. The
resistance 58, the discharge tube 57 and the volt-
age 58 are connected in series acrcss condenser
54. The grid of tube 5% is connected through a
potential and a high resistance 59 to resistance
56 and the anode of tube 57. The resistances 60
and 84 are connected in the plate circuit of tube
85. The rectified voltages across resistance 56
due to the change in transformer 81 secondary
voltage caused by the scanning of picture 42 are
shown by wave forms Ri, R2, R3, and R4. The
cutoff regulating voltage 58 is so adjusted that
when the voltages get above the values indi-
cated by dotted line 62 the tube 57 will conduct
and a current will flow through resistance 56
which places a large negative voltage on the grid
of tube 5% cutting the plate current through
resistances 86 and 61 to zero. The value of these
negative voltages on the grid of tube 55 is indi-
cated by curves E{, B2, B3, and E4. The dotted
line 63 indicates the negative voltage that is re-
quired to bring tube 55 to its cutofl point. When
the voltages drop slightly below the value indi-
cated by dotted line 82, the tube 57 will cease to
carry a current and the negative voltage across
resistance 55 will disappear and the plate current
of tube §5 will go back to its normal value indi-
cating that a lighter portion of picture 42 is being
scanned. When a darkeyr pertion of picture 42 is
being scanned the cutput voltage of transformer
51 will be greater and the rectified voltage will
begin to rise above dotted line 62 and the more
it rises the longer the time tube 57 will discharge
through resistance 5& and hold the plate current
of tube §5 to zero indicated by If, 12, I3, and I4.

The resistances 88 and §{ are connected to the
control grids of tukbes 64 and 55 respectively.
The common resistance point is connected to the
cathodes of these tubes. The primary of trans-
former 6% is connected to the generator winding
that produces the 5,200 cycle “white carrier”
wave., The secondary ocutput of transformer 66
is connected through a variable resistance 87 in
the grid circuit of the tube 64. The primary of
transformer 88 is connected to the generator
winding B in Fig. 1 that produces the “black
keying carrier” of 10,000 cycles. The secondary
output of transformer 88 is connected through a
variable resistance 8¢ in the grid circuit to fube
88. The primary of transformer 79 is connected
to the generator winding that produces the 200
cycle ‘“‘synchronizing frequency.” Across the




4

secondary of transformer 18 is ccnnected a re~
sistance 11 which by means of a single pole double
throw switch T2 the resistance 11 is entirely or in
part connected in series with the screen grids of
the tubes 62 and €5 and the plate potential. The
cam switch 72 is operated by cam 72 which rotates
with the scanning drum 43 and once each revolu-
tion this cam 73 through cam switch 12 sends a
framing signal by connecting the full output volt-
age of transformer 78 to the screen grids of tubes
64 and 55 thus modulating the carrier wave from
the controlled grids about 50%. The rest of the
time the switch 72 connects only a small part of
the total voltage across resistance 71 to the screen
grids of tubes 64 and §3. This only modulates
the carrier waves from tubes 64 and 8% about
25%. This modulation is used to keep the re-
corder in synchronism with the transmitter. The
effect of this 25% synchronizing modulating volt-
age on the two carrier frequencies from tubes 64
and 656 is shown in Fig. 4.

When a white portion of picture 42 is being
scanned the plate current in tube 83 is set at a
predetermined high value so that the current

flowing through the resistance 80 places a posi- 2

tive potential on a control grid of tube 64 mak-
ing it operate at maximum efficiency passing the
“white carrier wave” of 5,000 cycles from trans-
former 6§8. As this carrier goes through tube
64 it iz modulated by the 200 cycle synchroniz-
ing voltage placed on the screen grids by trans-
former 18 about 25%. The same plate current
from tube 55 also flows through resistance !
biasing the tube 85 so far below the cutofl peint
that the carrier wave from transformer £% can-
not get through the tube §5.

When a black portion of picture 42 is being
scanned the plate current in tube 58 is reduced
to zero. The positive potential due to a current

flowing through resistance 88 is reduced to zero °

and the battery voltage 75 biases the tube 64
so far below the cutoff point that the carrier wave
from transformer 66 cannot get through the tube
64. The negative bias due to the current flow-
ing through the resistance €1 is reduced to zero
allowing a more positive potential to develop on
the control grid of tube 65 making it operate at
maximum efficiency, and passing the “black key-
ing carrier” of 10,000 cycles from transformer
8. Az this carrier goes through the tuke 6% it
is modulated by the 290 cycle synchronous volt-
age placed on the screen grid by transformer 79
about 25%. Therefore across the oulput termi-
nals 18a and T5b will be either the “white car-

rier” or the “black keying carrier” and both being

modulated by the 200 cycle synchronizing signal.

Fig. 4 shows one cycle of the modulating 200
eycle synchronizing signal. The “white carrier”
5,000 cvcle wave is shown by carriers Wi, W2,
W3, W4, and W5.

The number of cycles in each group indicates
the length of time that the white sighal is being
transmitted. The “black keying carrier” 10,000
cycle wave is shown by carriers Bi, B2, B3, B4,
B5, BS, B, and B8. The 200 cycle synchroniz-
ing siznal modulates both the 5,000 and 10,000
carriers the same amount.

As the gas discharged tube 57 is either con-
dueting or non-conducting, the plate current of
tube 55 will be either on or off so that either
tube 88 will be on and 65 off or tube 65 will be
on and tube 64 off, so that either the white or
black carriers will be on continuously, and both
in turn will be modulated by the 200 cycle syn-
chronous signal. It will be noted when a con-
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tinuous black section is being scanned the tube
65 will continuously amplify the “black keying
carrier” which contains four complete cycles and
then drops one cycle. These dropped cycles are
shown as S{, S2, and S3 in Fig. 4. The object
of dropping a cycle on a continuous black sig-
nal is to produce and transmit a keying impulse
to operate the receiving recorder instead of pro-
ducing a keying impulse in the receiver ampli-
fier. Fig. b shows a schematic diagram of Fig. 4
showing the length of time that the white and
black signals are on, and when no carrier is
transmitted.

Fig. 6 shows a schematic diagram of the radio
receiver and amplifier for receiving the double
carrier wave picture signals which are modulated
by a synchronizing signal. The radio facsimile
carrier wave is received and amplified by tube
80 and then detected by tubes &1 and 82. The
audio output of tube &1 is connected by trans-
former 83 to the two filter circuits 84 and 85,
each consisting of an inductance and a capacity
connected in series. The filter circuit 84 which
is tuned to the 10,060 cycle “black keying car-
rier” is connected by rectifier 83 to the resistance
87 so that the positive end of the resistance 87
is connected through a high resistance 88 to the
egrid of tube 88. The filter circuit 8% which is
tuned to the 5,000 cycle “white carrier” is con-
nected by rectifier 88 to resistance 9! so that
the positive end of resistance 81 is connected
through the high resistance 92 to the grid of
the tube 83. The output of the tubes 82 and
83 is connected in pushpull arrangement to a
standard electro-magnetic speaker unit 94 in
Fig. 7 which operates the recording stylus 85.

When a “black keying carrier” of 10,0600 cycles
is being transmitted there will be voltage gen-
erated in filter circuit 84 which will be rectified
by rectifier 86 and will cause a drop in voltage
across resistance 87 which will put a positive bias
on the grid of tube 88. The resistance 88 is used
to keep the grid current down when it goes posi-
tive. A heavy plate current due to this posi-
tive grid voltage will result, which will cause
the recording stylus 25 in Fig. 9 to move forward
against the typewriter ribbon 95 and mark the
inside of the circular paper cylinder segment 97.

When the ‘“black keying carrier” of 10,000 cy-
cles is being transmitted continucusly due to the
scanning of a black section of a picture, the
dropping of a cycle in this carrier causes the
grid voltage to become negative again and re-
duces the plate current to normal value, allow-
ing the stylus 95 to move back from paper 97
reducing the pressure on the typewriter ribben
85 and the paper 97. Thus a 2,000 cycle key-
ing frequency is impressed on the recording stylus
85 when a continuous black signal is being trans-
mitted.

When the “white carrier” of 5,000 cycles is
being transmitted continuously due to the scan-
ning of a white section of the picture there will
be a voltage generated in filler circuit 85 which
will be rectified by tube 28 and will cause a drop
in voltage across resistance 8¢ which will put a
positive bias on the grid 83. The resistance 92
in the grid circuit of tube §23 is for the purpose
of keeping the grid current down when the grid
goes positive. A heavy plate current due to the
positive grid bias will result, which will cause
the recording stylus 85 to move away from the
typewriter ribbon 26 and the paper 97. As long
as this “white carrier” is on the recording stylus
will be drawn away from paper 97,
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For sending shaded pictures the white and
black carriers will alternate at the rate of 2,000
times a second due to the fact that the ‘“con-
trol wave train” is operated at that frequency.
The length of time that either carrier is trans-
mitted depends on the shading of the picture
being scanned. The darker the picture being
scanned the longer the time that the “black key-
ing carrier” 10,000 cycle wave is transmitted, and
the lighter the picture being scanned the longer
the 5,000 cycle “white carrier” is transmitted.
The sum of the time that any white and black
carriers are transmitted equals the time to scan
one picture element or .0005 of a second.

The voltage across the resistances 87 and 5i
and the grids of the tubes 89 and 83 are of such
values that the plate currents will have reached
their maximum value for about 70% modula-
tion of the carrier current, so that the modula-
tion due to the synchronizing signal of 256% will
not effect the plate currents of the recording
tubes 69 and §3. When either carrier is reduced
to zero the battery bias in the grid of the tubes
89 and 83 reduces the respective plate currents
to zero. :

When static impulses are received, amplified,
and rectified by this amplifying system the volt-
age impulses across the two filter cricuits 84 and
85 will be the same because static impulses are
equally distributed over a wide range of fre-
quencies. Thus the same voltage will be im-
pressed across the grids of tubes 88 and 93 simul-
taneously and due to the push pull arrangement
in the magnetic recorder 94 the plate currents
will balance each other and the effect of static
cn the recording will be zero.

The two carrier waves which are modulated by
a 200 cycle synchronizing signal are all rectified
out from the radio carrier by tube 82 and trans-
former 88. By the use of the rectifier tube 99
and the 200 cycle tuned transformer 180 the
10,000 and 5,000 carriers are filtered out, leaving
only the envelope of the 200 cycle synchronizing
signal to go through the transformer 100. This
200 cycle signal is impressed on the tubes (81 and
182 which are in pushpull. The 200 cycle am-
plified output of these tubes is connected by
transformer 193 to control the speed of the syn-
chronous alternator 104 in Fig. 8.

In this system of transmitting and receiving
pictures with two carrier waves, the received
energy level of the two carrier waves varies with
the synchronizing signal. To compensate for
this loss in energy level in the receiver when the
synchronizing signal depresses the two carrier
waves, it is possible to add an extra secondary
winding on the transformer (080 in Fig. 6 and
feed this voltage back in the right phase to the
grid of the detector tube 81 so as to increase its
amplification when the two carrier waves are be-
ing depressed. This smooths out the synchro-
nizing modulation depression and increases the
operating energy level of the recorder. Another
way to overcome this energy loss is shown in Fig.
10 and Fig. 11 and will be described later.

In the common plate circuit of tubes (01 and
102 is relay 183 so adjusted that the ordinary
259% modulated 200 cycle synchronous signal will
not operate it. A framing signal is sent once
each revolution by the cam 73 operating the
switch 72 in Fig. 3 which increases the 200 cycle
modulating synchronizing signal for framing to
about 509%. ‘The increasing of modulation of the
200 cycle signal will increase the plate currents
of tubes 181 and 102 and the relay 106 will oper-
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ate single pole double throw switch 187 cutting
the current off the framing clutch magnet 108
and allowing the clutch spring 188 to pass be-
tween the pole pieces.

When the cam switch 12 returns fo normal the
relay 108 will become deenergized enough to close
switch 107 so as to energize framing clutch mag-
net 168 so that if the picture was not framed
correctly the framing clutch magnet 1§38 will
hold the clutch spring 189 until the next framing
signal, thus framing the recorded picture.

When the paper 4% is being changed on drum
43 in Fig. 3 the cam 73 holds switch 12 in its
downward position allowing the full 200 cycle
synchronizing signal to modulate the 5,600 cycle
“white carrier” which is then on about 50%.
‘Ihis 50% mcdulated carrier will operate relay
§65 and the switch {87, opening the circuit to
the framing clutch magnet 188 and also putting
a potential on the delay relay ({0 which has to
be on 15 seconds before it operates and closes the
contact fii completing the circuit for the paper
cutoff magnet 112 which operates the circular
cutoil wheel (i3 which cuts the paper 91 against
the circular end (32 of recording casting 120.
The ordinary framing signals which are on for
about one tenth of a second have no effect on
the delay relay 118 and the paper cutoff magnet
112,

Fig. 7 shows how the continuous sheet of paper
971 is wrapped around the cylinder 18, the two
edges of this paper are folded back {i6 and 117
and are slipped into the slots 118 and it9 respec-
tively which are in the base of the round record-
ing casting {20. The round cylinder tube 115 is
placed in the round hole 122 in casting 120 so
that they are coaxial and with enough clearance
between them for the paper 87 to be pulled
through by the threads 130 on drum [29. Cylin-
der i1% is fastened to the base of recording cast-
ing 123 by means of screw 121 in Fig. 8. The
aiternator i64, the motor 122, the gear reducer
124, and the bearing 125 are all fastened in the
cylinder 119 to the recorder casting base between
the slotted openings ({8 and 119 so that they are
coaxial with the cylinder {i8 and the casting
opening {22 by means of the frame 1371 and screw

121,

The motor {23 drives the alternator 84 by
means of shaft 126’ and also drives the gear re-
ducer 124 which turns the shaft 126 on which is
mounted cluteh cylinder {27. Around cluich
cylinder {27 is wound a square steel wire spring
189, one end of which passes between the pole
pieces of the clutch magnet 188 and the other
end is secured to shaft 128 which turns in bear-
ing 125. The shaft 126 and the clutch cylinder
127 turns in the direction of the arrow, the steel
spring wire (89 will be held when the clutch
magnet 148 is energized, the spring {89 will tend
to unwind allowing it to slip on the cylinder (27
thus stopping the rotation of shaft 128. When
the clutch magnet (88 is deenergized the spring
168 will tighten around the cylinder i27 and turn
the shaft 128 at the same speed. The large
threaded drum 28 is fastened to the shaft 128
and turns inside of the recording casting (23
with just enough clearance to allow the paper
§7 to pass between them. The paper slides from
the cylinder {i% onto the threads 130 on the
surface of the rotating drum i128. The bent pa-
per edges 116 and 1i7 in slots 118 and 119 re-
spectively hold the continuous paper sheet 97
tight against the thread 130 on the rotating
drum 129, and as the drum (28 rotates the paper
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will ke pulled from left to right by thread {30
and kept from rotating ahd held in a straight
line by parallel slots {18 and 149.

On the right end of the threaded drum 129 is
mounted a bracket {31 which holds the electro-
magnetic recorder 84 so that the recording stylus
85 moves around the incide of the end surface
{82 of the recording casting {28, also mounted on
this bracket is the cutoff mam_et 112 50 mounted
that when the circtilar cutoff wheel {13 is forced
outward and bears against the end surface 82
of the recording casting 128 it will cut the paper
s the driim (29 revolves except the portions (1§
ahd 141,

Fig. 9 shows that the stylus 95 can move
against or away from the typewriter ribbon 98
and the paper 97 as it rotates around the inside
of the recording castihg {29 depending upon the
fréquency of the keying signals. When the stylus
95 passes between the slot openings 119 and 18,
anid the spring wire 108 is passing the framing
cluteh magnet (88 is the time when the picture
is framed. In Fig. 7 the recorder $4 and the
paper cuttér 42
phase With the framing device (€8 to show a side
view of both picces of équipment. Also in Fig. 7
the typewritér ribbicn 8§ s@nd the tybewriter
spools (28 and 138 wers remioved from the bear-
ing posts 133 and {35 for the same reason.

By utilizirig the variations iri the length of two

different carriers to represent the shading of the
picture, the response of the receiver and the re-
corder is indepéndent of the amplitude of the
sighals.

level, the effect of the change in amplitude, due
to the moduiated synchronizing signal upon the
reécording, is eliminated.

Tt

were rmoved 90 degreés out of

By maintaining the gain of ‘the receiv- .
ing amplifiet at a constant and predetermined 3

Another embodiment of my in vention is shown

im Fig, 10 and Fig. 11. In this gsecond case the
shading of a picture élement is transmitted by
changing the duration of two audio carriers of
different frequency but of the same amplitude

4n

and the synchrenizing signal is sent by alter-

nately transmitiing two radio carriers of differ-
ent frequency but of the same amplitude.

The motor 44 drives the generator {48 which
produces in its different windings the “control
wave train” in winding xzz, the “black keying
carrier” in winding vy, and the “white carrier”
in winding zz. ‘These windings are connected to
the primaries of the transformers 838, §8 and 68
respectively. The mector also drives a commuta-
tor (41 with shorting and insulating bars. The
shorting bars connect the brushes 142 and 143
together for the purpose of changing the grid
potential of tube 144 from a positive to a high
negative value. When the grid is near its posi-
tive value the current through the plate resist-
ances §4% and (46 is very high. Resistance {45
puts a positive potential on the screen grid. of
tube 1471 bringing it to its best cperating point.
At the same time resistance 4% is putting a
negative potential on the screen grid of tube 148
making it inoperative. When the commutator
§4§ shorts the brushes (42 and i43 together, it
places a high negative potential cn the grid of
tube [44 and the plate current drops to zero.
The positive potential that was on the screen grid
of tube 47 is reduced so that it is inoperative,
while the negative voltage that was on the screen
grid of tube 148 is removed and the screen grid
becomes positive due to the battery in the screen
grid circuit. Thus ftube {£8 becomes operative
and tube (67 becomes inoperative when the
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bitshes 142 and 143 are $horted by commutator
{44, When the brushes 142 and {43 are not
shorted the tubé 147 becomes operative and tube
143 becomes inoperative. THe purpose of alter-
riately placing one and then the other tube in
operating condition is to transmit a synchroniz-
ing signal by alternately transmitting two radio
carriers of différent frequericy but of the same
amplitude. The length of time that either radio
carrier is transmitted depends upon the length of
time that the brushes {42 and {43 are shorted or
not shorted. The frequency of this sychronizing
signal depends on the number of segments and
the speed of the commutator 141,

The motor 44 drives the scanning drum 43 by
fiiesns of the reducing gear (80 and through
clutch {51. This rotating drum 43 carries the
picture 42 which is being scanned by the beam of
light from lamp 48 which is reflected from the
The
output of the photoelectric cell 48 controls the
balanced modulator consisting of the screen grid
tubes 152 and 153 connected in & bridge circuit.
The plates of tubes 152 and 153 are connected
together and have a common plate resistor 154.
The “control wave train” voltages are applied to
the screen grids of tube 152 and 153 by the cen-
ter tap transformer 53. The center tep is con-
nected to the common cathode circuit of the two
tubes by battery {36. The control grids of the
tubes 152 and I“3 are entnely independent of
each other, one being controlled by a fixed bias
while the other depends on the photoelectric cell
£5 output for control. When the two tubes are
adjusted to the same blas the alternating current
output will be balanced to zero in the common
plate resistor 154. This adjustment is made with
full light from & white reflecting surface of pic-
ture 42 shining into photoelectric cell 45. Any
decrease in the light to the photoelectric cell 48
due to shaded or black picture elements will un-
balance the bridge and the “control wave train”
will gppear ih the output resistor 184 in propor-
tion to the blackness of the picture being scanned
or the unbalancing of the bridge circuit. In this
system thé “control wave train” supplies the
10,000 cycle carrier current and also the 2,000
cycle keying frequency at the same time.

The condenser £55 connects the output of tube
”2 to the amplifying tube 156 which amplifies
tne carrier ¢urrent and the keying frequency and
filters out- all the direct modulating frequencies
by choke 157 and condenser 168 The output of
tube 155 is fed by transforimer 15§ to the rectifier

‘tube 188, through the filter consisting of choke

&i and condensers t62 and 163. Connected in
series across condenser 163 are resistances (64
and lﬁd and gas tube i85. In series with the
réctifier tube 158 is a bucking biasing battery 187
which is used to reduce the background noise to
zero and is also used to control the threshold
voliage where the gas tube 16§ begins to conduct
& currént. This valtage is shown by dotted line
1¢8 and any tifme the volfages are above this
line as illustrated by peak voltages Ri, R2, R
and B4 the gas tube 166 will conduct causmg
a current to flow throdgh résistances 164 and 165,
putting a high posmve bias on the grid of the
tube 188 and a negative bias on tube i76. This
will make tube 168 operative and tube 176 inop-
erative. This happens when a black shaded pic-
ture element is being scanned and the balanced
modulator tubes {52 and {83 are thrown cut of
balance allowing the “control wave train” from
transformer 58 to go through and operate the
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amplifying tube 158, the rectifier tube (60, rais-
ing the voltage above the line 168 and operating
the gas tube 185 and putting a positive bias ocn
tube 189 causing it to operate and pass the “black
keying carrier” from transformer 63 which is
connected in the plate circuit of tube 169 and
at the same time putting a negative bias on tube
{70 stopping all current in its plate circuit.

When a white portion is being scanned the
tubes 152 and {53 are in balance and the “con-
trol wave train” is suppressed and there will be
no voltages above the line 168 and the gas tube
166 will not conduct so there will be no current
through resistances 164 and 185. The positive
potential on the grid of tube 153 due to the cur-
rent that was flowing through resistance 164 will
disappear and the grid will become negative due
to the biasing battery in the grid circuit. This
will bring the plate current to zero. The nega-
tive potential that was on the grid of tube (70
due to the current that was fiowing through re-
sistance 165 will disappear and the grid will be-
come positive making the tube {10 operative and
passing the “white carrier” wave from trans-
former 6§ which is connected in the plate circuit
of tube I79.

The carrier wave from transformer 86 or the
carrier wave from transformer 68 will be im-
pressed on the primary winding of transformer
171. The secondary of transformer [7{ is con-
nected in the common screen grid return circuit
of tubes 147 and 148. The commutator (41 al-
ternately makes tubes {47 and 148 operative or
inoperative Dby changing the current flowing
through the resistances [45 and 45, thus the
tubes {47 and 148 will be aiternately modulated
by the black and white carrier waves from trans-
former 17i. When tube 148 is operating the
carrier waves from transformer 71 which are
impressed on the screen grid of tube (148 will mod-
ulate the radio frequency carrier (R. F. 1) from
oscillator {72, which is inductively coupled to the
control grid circuit of tube 148 by radio frequency
transformer i74. When tube 147 is operating the
carrier waves from transformer 171 which are im-
pressed on the screen grid of tube {47 will modu-
late the radio frequency (R. F. 2) from oscillator
{13, which is inductively coupled to the control
grid circuit of tube {47 by radio frequency trans~
former {¥5. The two alternated modulated radio
carrier waves of the same amplitude are con-
nected to the antenna 177 by radio transformer
176 whese primary is connected in the common
plate circuit of the two radio frequency modulat-
ing tubes 147 and i48.

In this second modified system it can be seen
that the two picture carrier waves are alternately
transmitted at constant amplitude as in the first
case, but in this instance they alternately modu-
late two radio carrier waves, while in the first
case they only modulate ohe radio carrier wave.
In this second modified system the synchroniz-
ing signal is transmitted by alternately trans-
mitting two different radio frequency carriers of
constant amplitude, instead of amplitude modu~
lation of the radio frequency carrier for synchro-
nizing as in the first case. In this second modi-
fied system the framing cutoff signals are trans-
mitted by shorting the secondary of transformer
111 by rotating cam 73 closing shorting switch
117, 'The shorting of the secondary 171 stops the
medulation of the alternately transmitted radio
carriers from oscillator (72 and 113. The fram-
ing and cutoff signals are sent as unmocdulated
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radio frequency carrier waves from oscillators
112 and 113.

The receiver and recorder for the above pic-
tures and synchronizing signals are shown in Fig.
11. The grid circuit 180 of the radioc frequency
amplifier tube 182 is tuned to the radio frequency
carrier from oscillator 172 in Fig. 10. The out-
put of tube 182 is connected by radio frequency
transformer 184 to the detector tube 186. The
output of tube 188 is connected to the stator
winding 190 of the alternator 104 by transformer
{68, which is tuned to the frequency of the com-
mutator segments of commutator 141 in Fig. 10.
The grid circuit 181 of the radio frequency ampli-
fier tube (83 is tuned to the radio frequency car-
rier from gscillator 1713 in Fig. 10. The output
tube 183 is connected by radio frequency trans-
former 185 to the detector tube 187. The output
of tube 87 is connected to the stator winding
i91 of the alternator 104 by the transformer 189
which is tuned to the frequency of the commu-~
tator segments of the commutator 141 in Fig. 10.
The commutator 141 by means of tubes 144, 141
and 148 alternately impresses radio frequency
carrier (R. P. 1) and radio frequency (R. F. 2)
on the antenna [71. These two alternated
transmitted radio carriers are picked up by the
receiver as described and alternately applied to
the synchronous alternator 104 to keep the motor
128 and the recording stylus 985 in step with the
scanuing of picture 42 in Fig. 10.

The two radio frequencies from amplifying
tubes i82 and 183 are connected by radio trans-
former 288 and are combined in detector tube 201.
The transformer 282 connects the output of tube
281 to fiiters 282 and 284, each filter consisting of
an inductance and a capacity connected in se-
ries. The detector tube 281 rectifies out the two
radio carrier waves leaving the two picture car-
riers to go through transformer 202 and each
carrier is separated out by filters 203 and 204.

The “black keying carrier” 10,000 cyele volt-
ages are filtered out by filter 204 and are ap-
plied to the grid of amplifying tube 289, by the
use of rectifier 208 and the resistance 207 which
is connected in the grid circuit of tube 283. The
“white carrier” 5,000 cycle voltages are filtered
out by filter 283 and are applied to the grid of
tube 208 by the use of rectifier tube 285 and
the resistance 298 which is connected in the grid
circuit of tube 283. The rectified current flow-
ing through resistance 287 due to a “black key-
ing carrier” places a positive bias on the grid
of tube 283 causing a heavy current to flow in
the plate circuit and causing the recorder 94 to
move the recording stylus 85 against the paper
81. The rectified current flowing through re-
sistance 208 due to a “whifte carrier” places a
negative bias on the grid of tube 209 causing
the plate current to drop allowing the stylus
8% to be pulled away from the paper 87 by means
of a spring not shown. When there is no cur-
rent in resistances 297 and 288 the tube 289 is
so biased that the stylus $5 will be pulled away
from the papsr 81 by means of said spring.

The shading of each scanned picture element
controls the duration of time that the two pic-
ture carriers of different frequencies are on.
These two picture carriers of consiant amplitude
continually modulate the two radio carriers of
different frequencies that are alternately trans-
mitted at constant amplitude. One of these
radio carriers represents one alternation of a
synchronizing signal and the other radio car-
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rier represents the other alternation of the
synchronizing signal.

The common point of resistances 287 and 283
is connected by resistance 2{& to the common
refurn of filters 253 and 264. The resistance 2§08
is connected in the grid circuit of tube 244 so
that any rectified current from filters 282 or
204 will place a positive bias on the grid of tube
2{1. This current will causz the delay relay 212
to keep the switch points 213 oven and the
framing clutch (88 energized. When a fram-
ing signal of one tenth of a second is being sent
the cam 13 in Fig. 10 closes the switeh 177 which
shorts the secondary of transformer (7! cut-
ting off the picture carrier signals from modu-
lating the two alternately transmitied radio car-
riers so that the radio carrier waves go on the
gir without being modulated. If the radio car-
rier waves are not modulated there will be no
voltage across the tuned filters 233 and 284 and
there will be no current through resistance 28
and this will allow the grid of tube 2i1 to become
negative and the plate current through the fram-
ing clutch clutch 198 to drop thus deenergizing
it and allowing the spring clutch {88 to pass the
pole pieces of the framing clutch £68. The de-
lay relay 242 is so adjusted that it is not effected
by this short drop of plate current.

When a picture is being changed the cam 13
is so set that the switch 137 is closed and the
action as described above takes place only this
time if the switch is held closed for 18 seconds or
more the delay relay 212 will deensrgize and will
allow the switch points 213 to come together

and this will send a battery current through the 35

cutoff magnet 412 causing the cutoff wheel {3
to move out and cut the paper 87 as described
in connection with Fig. 7.

When static impulses are received they will
be rectified and filtered by the tuned filters 283
and 284. These two filtered signals will be ap-
proximately the same strength and because they
are applied to the resistances 267 and 208 in the
grid circuit of tube 288 at the same time, they
will balance each other out kecause they oppose
each other with equal strength.

By utilizing the variations in the length of
the two different audio carriers of different fre-
quency to carry the shading of the picture ele~
ments the response of the receiver and the re-
cording is independent of the amplitude of the
signals. By alternately transmitting two radio
carriers of different frequency modulated by the
above picture signals it is possible fo transmit
at constant amplitude the carrier wave which
contains the white and black picture signals as
well as the synchronizing signal so that fad-
ing and static will have little or no effect on the
recording and the synchronizing of the picture.

Tn these drawings only two disclosures of my
invention have been shown but certain portions
can be changed without destroying the spirit of
this invention. For example, the white and black
audio carriers in the first case may be changed
to radio frequencies carriers. The second meth-
od can be changed by using two audio frequency
picture carriers of constant amplitude with vary-
ing durations to modulate a radio Ifrequency.
The two side bands of this radio frequency are
separated out, amplified and alternately trans-
mitted. 'These transmitted side band frequen-
cies will carry the synchronizing freguency as
well as the two picture carriers. The receiving
system of this method will be described in a
later patent.
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I claim:

1. A system for transmitting facsimile picture
signals, means for generating a series of ex-
panding wave trains, means for generating a car-
rier of constant amplitude for carrying the white
picture signals, means for generating a carrier
of constant amplitude but different frequency
for carrying black picture signals, means to use
said expanding wave trains to divide a picture
into series of picture elements, an amplifier to
control the amplitude of the said expanding wave
trains by the tone value of the said picture ele-
ment being scanned, said amplifier transmitting
one of said carriers of constant amplitude when
the amplitude of the said expanding wave train
is greater than a predetermined level, said am-
plifier transmitting the other said carrier of con-
stant amplitude when the amplitude of the said
expanding wave train is less than said level.

2. A system according to claim 1, in which the
said two carriers of constant amplitude are mod-
ulated by a synchronizing signal.

3. A facsimile system of sending pictures and
synchronizing signals, comprising transmitting
three carrier waves, means to divide all picture
elements into two time periods, the first said
period is occupied by a constant amplitude white
carrier picture signal, and second said period is

ccupled by a constant amplitude dark carrier
picture signal of different frequency, said means
measuring the duration of time that either said
carriers are transmitted dependent on the shad-
ing of each said picture element and means to
moedulate the said constant amplitude picture
carriers by a synchronizing carrier frequency.

4. A system according to claim 3 in which a
change in the percent of the said modulation of
the said synchronizing carrier transmits a fram-
ing signal and a longer change in the said modu-
lation of the said synchronizing carrier trans-
niits a cutoff signal.

5. In an image transmitting system, means for
genierating three carrier waves, first said carrier
consisting of a series of expanding wave train
groups, means to control the amplitude of each
said expanding wave train by the shading of a
picture being scanned, means for transmitiing
the second and third carriers alternately at
double the frequency of the number of said
groups and means for controlling the transmit-
ting time of said second and third carriers in
accordance with a predetermined level of the
said expanding wave train.

6. A picture signaling system including means
to gensrate a series of expanding wave train
groups, means to produce electrical variations in
accordance with the tone value of the picture
elements being scanned, and means to control
the amplitiude of the said expanding wave trains
by the said electrical varigtions, and means to
transmit a carrier when the amplitude of said
exnanding wave train exceeds a predetermined
level, and means to transmit a different carrier
when the amplitude of the said expanding wave
train is-below said level.

7. In a facsimile feceiver and recorder adapt-
ed to operate by incoming picture signals com-
posed of two different wave trains alternately
transmitted, the duration of one of said wave
trainsg corresponding to the white tone value of
a picture element being scanned, and the dura-
tion of the other said wave corresponding to the
dark tone value of the said picture element, and
the amplitude of the said two transmitted wave
trains modulated by a synchronizing frequency,
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sald receiver separating out the two said wave
trains, means to rotate an electromagnetic re-
cording stylus radially inside a lengthwise moving
paper cylinder, said stylus axial movement actu-~
ated by said wave trains and means for directing
the axial movement of said stylus point against
a marking surface onto said paper cylinder, and
means for separating out said synchronizing fre-
quency to control the speed of rotation of said
recording stylus. ‘

8. In a facsimile recorder of picture signals
means to rotate an electromagnetic operated
recorder stylus concentric with and inside a pa-
per cylinder said paper moving lengthwise, in~
side and adjacent to a metal ring surface, and
means to direct the point of said stylus against
a paper marking means as said stylus and said
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marking means rotate inside said paper cylinder
and said ring surface, said marking means com-
ing in contact with said paper cylinder when
said electromagnetic operated stylus is actuated
by a picture signal.

9. A method of transmitting facsimile pic-
ture elements and a synchronizing signal, con-
sisting of generating two different carriers of
constant amplitude, alternately transmitfing both
said carriers at a constant frequency, control-
ling the percent of time that either said carrier
is transmitted by the tone value of a picture
element, modulating the amplitude of said con-
trolled carriers to transmit a synchronizing sig-
nal.
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