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1

My present invention relates to the transmis-
sion and reception of facsimile by wire or radio,
and more particularly to novel synchronizing
mechanism which will operate efficiently at high
speed picture transmission.

Heretofore, in the transmission and reception
of facsimiles, it has been necessary, where abso-
lute synchronism was desired between the trans-
mitting and receiving apparatus, to transmit the
facsimiles at a relatively slow speed. This rela-
tively slow speed of about one hundred lines per
minute has nevertheless been regarded as a
rather high speed. For instance, where a drum
was ten inches wide and one hundred lines- per
inch was transmitted, then at this speed a picture
ten inches long and having a width ounly slightly
less than the circumference of the drum, was
transmitted in ten minutes or less. Modern de-
velopments have made it possible, however, to
transmit facsimiles by photo-recording or chemi-
cal recording processes at a much higher speed.
Thus, for instance, it has been found that with-
out any attempt to maintain synchronism, speeds
as high as four hundred lines per minute became
feasible, and thus the ten-inch picture above de-
scribed could be transmitted in two and oné-half
minutes. .

Heretofore, synchronizing systems have con-
sisted essentially of stop-start mechanisms of the
type specifically described in my Patent No.
2,108,983. The receiving drum was rotated at
a slightly greater speed than the transmitter,
say, in a ratio of 101:100, so that the receiving
drum would reach the synchronizing area first.
The receiving drum was then brought to a stop
or its rate of speed adjusted practically to zero
for an extremely short interval pending the re-
ceipt of a synchronizing signal which would per-
mit the receiving drum to start once more. The
arrangement of the mechanical elements as well
as of the electrical elements used for synchroniz-
ing was such that at one hundred lines per
minute, the receiving drum could readily be
brought to a stop and started once more at a
rate approaching twice per second. = - . ..

Where higher speeds were attempted, the start-
stop method could be adapted by varicus adjust-
ments to work properly at & scanning rate of one
hundred twenty lines per minute (exactly two

-stop-start operations in each second), and even
slightly higher, but at speeds of four hundred
lines per minute the stop-start mechanism cre-
ated too much vibration, thus interfering with
the quality of the image being recorded, and at
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skipped entirely, due to the vibration introduced.

Essentiaily, my invention contemplates vary-
ing the speed of the transmitter and receiver
simultaneously, so that a greater time interval
will be obtained for the transmission, reception
and operation of the synchronizing signal.

Heretofore, the synchronizing signal was ar-
ranged to take place over about twenty degrees
of the rotation of each of the drums, thus repre-
senting about /is or 1/20 of the scanning time.
Where the transmitter and receiver operated at
a rate of 100 R. P. M., the scanning operation
took place approximately slightly less than twice
a second, and the scanning time occurred over
an interval of about /4 of a second. Where
the operation of the drums is speeded up to 400
or even 500 R. P. M., then the scanning time is
correspondingly reduced to as little as /200 of a
second. Since the mechanical elements must
be stopped and brought into operation within
that time, and since they must operate with
accuracy, it has been found that with mechanical
systems now known, insufficient time might be
given for the synchronizihg operation.

My invention provides cyclical speed-changing
means for the transmitter and receiver, which

will slow up the transmitting and receiver drums

just prior to the synchronizing operation, main-
tain this slower speed during the synchronizing
operation, and speed up the drums during the
second cycle.
- It has been found that scanning operations
must be performed at extremely high speeds,
while the synchronizing operation nevertheless
should be slowed down. By this cyclical varying
of the speed of the receiving and transmitting
drums, the entire scanning operation may be
made to take place in %% of a second rather than
the half-second per line scanning operation of
prior devices, while at the same time the speed
of the drums at the time of the synchronizing
operation is maintained at from /40 to /100 of
a second, depending on the ratio of the cyclical
speed-changing mechanism which is used.

In the specific embodiment here shown, T have

‘used elliptical gears between the driving motor

and the transmitter drum, and exactly similar
elliptical gears between the driving motor and
the receiving drum. Other speed-changing gear
mechanism may, of course, be used to the same
effect.

Accordingly, the primary object of my inven-
tion is the provision of novel synchronizing meth-
ods and means for use in high-speed transmission

of facsimiles by wire or radio.
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Another object of my invention is the provision
of novel speed-changing apparatus in connection
with the drive for the transmitting and receiving
drums, so that the transmitter will send to the
receiver, picture impulses at extremely high
speed, while the synchronizing signal will be sent
at low-speed operation of the drums, thus afford-
ing sufficient time for operation of the synchro-
niZzing elements,

The foregoing and many other objects of my

invention will become apparent in the following
description thereof and from the accompanying
drawings, in which:
. Figure 1 is a schematic view of my novel fac-
gimile transmitter showing the incorporation
therein of novel speed-changing mechanism
which will permit proper synchronizing opera-
tions to take place at high speed transmission;

Figure 2 is a schematic view of my novel re-
ceiver showing the incorporation therein of novel
speed-changing mechanism which will permit
proper synchronizing operations to take place at
high speed transmission;

Figure 3 is a schematic view of the elliptical
gear drive for my transmitter and receiving
drums;

Figure 4 is a graph showing the speed charac-
teristics of the transmitting and receiving drums
for the sending of picture signals and synchroniz-
ing impulses; and

Pigure b is a graph showing an optimum curve
for the speed characteristics of the drums during
the sending of picture and synchronizing signals.

The schematic diagrams, Figures 1 and 2, of
a telepicture transmitter and receiver respec-
tively, are described to more clearly set forth the
function and relation of the synchronizing mech-
anism of my present invention. It is to be under-
stood that the telepicture system and circuits de-
scribed are by way of example only, and that the
synchronizing mechanism to be hereinafter de-
scribed in detail is applicable to other telepicture
or facsimile systems.

Referring to Figure 1, a source of light 10 gen-~
erates 2 beam [ focused to a point by a lens sys-
tem (2 upon the picture {3 to be transmitted,
which is mounted on the cylindrical drum 4. If
the picture is scanned one hundred lines per inch,
the diameter of the light spot focused upon the
picture should be .01 inch., The refracted beam
i5 from the picture is focused upon the photo-
electric cell 16 by lens system 11. The intensity
of the refracted beam {5 is proportional to the
shading of the picture elements which are suc-
cessively moved past the light beam ii.

The picture drum 14 is rotated by worm 18 and
worm gear |9 which suitably reduce the speed of
the motor 20. Motor 20 is preferably a synchro-
nous motor connected to a commercial electrical
supply line 21, for example, a sixty-cycle, 110-
volt system. The drive from the worm gear 19
to the drum 14 is through the eccentric gears 101,
182, which may be elliptical, or have any other
appropriate eccentricity to provide a high speed
operation over most of the rotation of drum 14,
and extremely low speed operation at the under-
lap region 28 hereinafter to be described, in order
to provide slow-speed operation of the drum dur-
ing the synchronizing impulse, so that synchro-
nization can take place over & relatively much
longer interval than would be possible if the speed
of the drum were cyclically constant.

The refracted picture light beam [5 impinging
on -photoelectric cell 6 produces corresponding
electrical signals which are amplified by -ampli-
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fier 22. A light “chopper” or an audio frequencéy
carrier wave may be employed with the amplifier
22 to facilitate transmission of the vary uni-di-
rectional picture signals, as is well known in the
art.

The telepicture signals may be directly trans-
mitted to a remote station over wire lines or may
be transmitted by radio transmission means.
PFigure 1 illustrates a transmitter 23 connected to
the output of amplifier 22 for converting the
audio frequency telepicture signals into corre-
sponding radio frequency signals which are radi-
ated by antenna 24,

Synchronizing signals are cyclically transmit-
ted for effecting synchronization of the transmit-
ter scanning apparatus in a manner to be de-
scribed. The synchronizing signals have here-
tofore been transmitted once per scanning oper-
ation. When 2 drum is used as in the preferred
embodiment, the “underlap” period of the rota-
tion cycle is employed to transmit the synchroniz-
ing signal. The underlap period corresponds to
the portion of the picture drum where the oppo-
site ends of the picture 13 are gripped or other-
wise fastened into position on the drum.

A cam 25 is mounted upon the shaft 26 of the
telepicture drum i4. A projection 27 of the cam
25 is positioned angularly corresponding to the
underiap portion of the drum (4. The edge 28
of the picture sheet 13 determines one side of
the underlap zone and is gripped by clamping
means internal to the drum 14, in a manner
preferably as described in my prior patent No.
2,051,511

The synchronizing cam switch 38 is cyclically
closed by the cam projection 27 to impress suit-
able synchronizing impulses upon the amplifier
22 from the synchronizing signal generator 31.
Synchronizing switch 308 is connected in series
with the synchronizing signal generator 31 out-
put to a suitable portion of the ielepicture am-
plifier 22 schematically indicated in Figure 1.
The synchronizing impulse effective during the
underiap period is preferably of intensity some-
what greater than the maximum or “white” tele-
picture signal intensity in order fo readily dis-
tinguish the synchronizing signals from the tele-
picture signals at the receiver.

The synchronizing signal generator 31 may be
a direct current source which produces a unidi-
rectional impulse at each closure of cam switch
30, or may be an audio carrier frequency signal
which is unmodulated during the synchronizing
period and is suitably modulated by the picture
signals during the remaining period of the cycle.
A preferred embodiment of such a method for
signal generation forms the basis of my prior
Patent No. 2,069,061,

Figure 2 is g schematic diagram of a telepicture
receiver used in conjunction with the transmitter
of Figure 1, and employing the synchronizing
mechanism of my present invention. A radio re-
ceiver and rectifier 32 is connected to a receiving
antenna 33 for receiving the radio fransmitted
signals from the radio transmitter 23. If a wire
line is used, suitable amplifying and line equip-
ment are instead employed. The output of the
receiver and rectifier 32 are connected to an audio
amplifier 34. The output of audic amplifier 34 is
coupled to a class B push-pull output stage 35—36
by an interstage coupling transformer 31. The
output of the push-pull stage 35—36 is connected
to the primary 38 of the output transformer 39,
The output of the secondary 40 of transformer
39 is connected to a photo-lamp 41 containing &
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gas such as neon, for producing g light beam 42

output in accordance with the telepicture signals
received. The light output 42 from lamp 41 is
suitably focused upon the record sheet 49 on the
receiving drum by a lens system 42’,

I have here used a neon crater-photo-lamp 41
having a control electrode 43 which is connected
to one terminal 44 of the transformer secondary
40, and an auxiliary or striking electrode 45. The
crater plate 46 of lamp 41 is connected to the
Positive terminal of a suitable direct current
source 41, the negative terminal of which is con-
nected to ground. The other terminal 48 of the
transformer secondary 48 is connected to the
crater plate 48 through a variable resistance 5i.
The auxiliary or striking electrode 45 is connected
to ground by lead 52. As is well known in the
art, the auxiliary electrode 45 maintains a strik-
ing - or discharge condition at the photo-lamp
crater plate 46, so that it will always be in readi-
ness to respond to telepicture signals introduced
between the plate 45 and the control grid 43. A
by-pass condenser 53 is connected between the
output terminal 48 and ground.

The receiver drum 58 is driven by a syn-
chronous motor 54 connected to supply lines 217,
The lines 21’ are, where possible, from the same
alternating current supply lines 21 as those of
the transmitter, although such condition is not
essential. The synchronous motor 84 drives drum
§0 through the schematically indicated synchro-
nizing phase adjusting mechanism 55. The syn-
chronizing phase adjusting mechanism is more
fully described in detail in my prior Patent No.
2,108,983.

. The drum phasing mechanism 55 maintains

a driving connection between the shaft §8 which -

is driven positively from the motor shaft 57
through worm 58 and worm gear 59, and the shaft
60 directly attached to the receiver drum 56.

The drive from the worm gear 58 to the phasing
mechanism 55 is through the eccentric gears 284,
202, which may be elliptical or have any other
appropriate eccentricity to provide a high-speed
operation over most of the rotation of drum 14,
and extremely low-speed operation at the under-
lap portion 28 hereinafter described, in order to
provide slow-speed of the drum during the syn-
chronizing impulse, so that synchronization can
take place over a relatively much longer interval
than would be possible were the speed of the drum
cyclically constant. '

The control plate §1 cooperating with the phas-
ing mechanism 55 is actuated by the synchroniz-
ing magnet 62 through its armature 63. Drum
50 is preferably driven at a slightly faster speed
than the corresponding transmitter drum 14,
for example, in a ratio of 401:400.

The phasing mechanism 55 is under the control
of the synchronizing magnet 62 to maintain the
drum 80 in phase synchronism with the trans-
mitter drum (4. A direct-current potential
source 64 supplies the synchronizing magnet 62
through its relay contacts 65—66.

The anode potential source $7 for the push-
pull amplifer stage 35—36 is supplied to the cen-
ter tap 68 of the primary 38 through the syn-
chronizing cam switch 70—7f. A cam 712 is con-
nected to the shaft 60 adjacent the drum 50. The
projection 73 of the cam 72 is in the same angular
position on shaft 60 as the underlap or “dead”
zone 14 of the drum 59. The cam switch 70—171
is normally maintained closed during the major
portion of the rotation of cam 72, and the anode
current from source 67 normally directly flows
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to the push-pull amplifier stage 36—385 during the.
reception of the telepicture signals. .

The cam switch 70—T{ is opened by the projec-
tion 73 of the cam 72 during the synchronizing
period of the receiver at an underlap portion
thereof. The anode current from source 67 is ac-
cordingly directed to the amplifier 35—36 through:
the. ‘synchronizing relay 7%, which relay 15 is.
otherwise short-circuited by switch 76—11. :

The synchronizing signal, as hereinabove de~
seribed, occurs during an underlap period of the
picture transmitter, and is preferably of greater,
magnitude than the telepicture signals. Syn-;
chronizing relay 15 is preferably a marginal relay*
responding only to the increased magnitude sig-
nals so as to avoid the possibility of interference
of the synchronizing action by any of the tele-
picture signals. The push-pull amplifier 35—36
rectifies an alternating current synchronizing im-
pulse in the anode lead if such is used, and the
actuation of the relay 79 is by rectified or uni-
directional current, as will be understood by those
skilled in the art.

Although I prefer to use synchronizing signals
of increased intensity, and a marginal synchro-
nizing relay, I have also successtully employed
synchronizing signals of intensity equal to the
maximum intensity picture signals to operate
an ordinary relay. It is also to be understood that
the synchronizing magnet 82 may be directly en-
ergized by the synchronizing signals, displacing
the relay 75. i

The receiver drum 50 is prepared for the syn-
chronizing signal during its underlap period by
cam 72, The synchronizing signal will flow
through to energize the synchronizing relay 75
which then closes the relay contacts 65-—66,
locally energizing the synchronizing magnet 62.
The synchronizing magnet 62, when energized,
will attract the armature 63 away from control
plate 61 to permit the phasing mechanism 55 to
continue to normally drive the receiver drum 50,
i. e, if the drum 80 were in phase synchronism
and in proper phase, the release of armature 63
away from the plate 6f would avoid phasing or
angular correction by the mechanism 55. }

The control plate 61 of the phase-correcting
mechanism 55 has a notch 76 on its periphery;
the angular position of notch 16 corresponds to
the angular position of the underlap zone 14
of drum 5B and that of the projection 73 of cam
12, The armature 63 is normally mechanically
biased by spring 17 against the periphery of the
control plate 61. Armature 63 accordingly en-
gages the notch 76 of control plate §1 and holds
it against rotation. By preventing the rotation
of control plate 61, the angular or phase correct-
ing mechanism 5% is actuated to effect the phase :
synchronism of drum 58 with transmitter drum
14 in a manner to be described in detail herein-
after.

By rotating drum 50 at a slightly faster rate
than the transmitter drum 14, for example in the
ratio of 401:400, the underlap period of the drum
50 will reach the predetermined position corre-
sponding to the engagement of armature 63 of
notch 16 slightly before the normal reception of
the synchronizing signal from the transmitter.
The cam 12 will accordingly open cam switeh
10—17( by the projection 13 and permit the en-~
ergization of synchronizing relay 15 by the syn-
chronizing impulse as it is received. The en-
ergization of synchronizing relay 75 by the syn~
chronizing impulse will close contacts 65—66 to
correspondingly energize the synchronizing mag-
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fiet 82 to. attract the armature 63 away from en-
gagement with notch 16: of control plate 6.
drive connection between the motor b4 and the
drum 590 is continuously maintained and the syn-
chronizing signal in attracting the armature 63
from the control plate Bl permits the drum 50
to. continue rotating with the positive driving
connection intact and in accurate phase syn-
chronous relation with the transmitter drum.

In Figure 3 I show the eccentric gears 104, 102
£ Figure 1 with a variable spbeed ratio of ap-
roximately 3:1. The ratio and arrangement of
ears 201, 202 of the receiver of Figure 2 is eX-

actly the same. The gears are arranged as shown
in the graph of Figure 4, so that high-speed oper-
ation takes place during the fransmission of the
picture signals, but the operation is slowed down
materially at the time of transmission of the syn-
chronizing signal. In other words, the position
of the gears 10, 102 shown in Figure 3, is the
position the gears should assume at the central
portion of the interval over which the syn-
chronizing impulse is sent. '

It will be seen from Figure 4 that while the
drums are slowed up during the synchronizing
eperation, the speed of the drums varies mate~
rially during the transmission of picture signals.
This variation is identical for both the trans-
mitter and receiver, resulting in ne variation in
the picture signals; but since for certain signals
the drum will be moved at a much slower speed
than for other signals, those signals may be re-
corded darker than they otherwise might be.
For ordinary transmission of black and white
facsimile impulses by use of stylus recording, this
will not make any noticeable difference. In the
case of photoelectric reception of picture signals,
the light will impinge more strongly on the re-
eeiver drum, due to the slower travel of the re-
ceiver drum at the areas adjacent the underlap
portion 14. Using a photographic sheet, however,
of appropriate latitude and contrast, this too wﬂl
not make any appreciable difference.

In Figure 5 I have shown a graph giving the
optimum speed variation curve which should be
chtained, if possible, during the cyclical variation
of the speed of the drums, i. e., the synchronizing
signal is sent during a constant low-speed, rela-
tively short portion of the cycle, and the picture
signals are sent along a constant high-speed,
relatively long portion of the cycle.

While I have described my invention in con-
nection with the use of drum-type transmission
for photoelectric recording, it will be obvious that
the same kind of drive can be used for stylus re-
cording. It will also be obvious that my novel
synchronizing system is adapted for contintious
sheet recording of the {ype shown in my prior
Patent No. 2,296,274, for oscillating arm record-
ing, and for spiral or lawn-mower type scanners.

Since many variations and modifications of my
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invention will now be obvious to those skilled in
the art, and since I have illustrated my inven-
tion solely in connection with an illustrative em-
bodiment thereof, I prefer to be hound not by
the specific disclosures herein contained, but only;
by the appended claims.

I claim:

1. In a high-speed facsimile system comprising:
a high-speed facsimile transmitter and a high-
speed facsimile receiver; said transmitter and re-,
ceiver egch comprising cyclically rotating mem-.
bers and means for opersting the same; means
at the transmitter for generating a synchroniz-
ing signal at a predetermined point in each cycle;
means at the receiver for receiving said syn-
chronizing signal and responsive thereto; and
additional means at the receiver for varying the
speed of the cyclically movable member during
each cycle of movement thereof; said speed-vary-
ing means imparting a relatively slow speed to
the cyclically movable member at the receiver
during the portion of the cycle immediately be-.
fore and after the receipt of the synchronizing
signal, and a relatively high speed thereto dur-
ing the remainder of the cycle, said cyelical
speed-varying means comprising a pair- of ec-
centric gears between the driving means at the
receiver and the cyclically moving member.

2. In a high-speed facsimile system comprising
3 high-speed facsimile transmitter and a high-
speed facsimile receiver; said transmitter and re-
ceiver each comprising cyclically. rotating mem-
bers and means for operating the same; means
at the transmitter for generating a synchroniz-
ing signal at a predetermined point in each cycle;
means at the receiver for receiving said synchro-
nizing signal and responsive thereto; and addi-
tional means ab the receiver for varying the speed
of the cyclically movable member during each
cycle of movement thereof; said speed-varying
means imparting a relatively slow speed to the
cyclically movable member at the receiver dur-
ing the portion of the cycle immediately before
and after the receipt of the synchronizing signal,
and a relatively high speed thereto during the
remainder of the cycle, said cyclical speed-vary-
ing means comprising a pair of elliptical gears
between the driving means at the receiver and
the cyclically moving member.

WILLIAM G. H. FINCH.
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