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6 Claims. 
This invention relates to synchronizing sys 

tems and circuits therefor for maintaining elec 
tromechanical systems in phase synchroniza 
tion particularly applicable to telepicture sys 
tems and is a division of application Ser. No. 
65,869, filed February 26, 1936, now Patent No. 

10 

2,047,863, granted July 14, 1936. 
In accordance with my present invention the 

synchronizing signal is transmitted during a prer 
determined portion of the rotation cycle, for ex 
ample, during the "underlap' period of a picture 
drum transmitter. The synchronizing signal is 
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intermittently impressed upon an intermediate 
stage of the picture signal amplifier during the 
"no picture' intervals. The receiver is main 
tained in at least approximate synchronization 
by a well known synchronous motor or syn 
chronous drive means, and the synchronizing 
signal is operative during the receiver drum un 
derlap period to maintain the drum in phase syn 
chronism with the transmitter drum in a man 
ner to be described in detail. 

It is accordingly an object of my present inven 
tion to provide novel apparatus for and means 
of synchronizing electromechanical apparatus at 
remote points. 

It is another object of my invention to pro 
vide novel circuits for efficient synchronous con 
trol of a telepicture system. 

It is a further object of my invention to pro 
vide novel apparatus and circuits for maintain 
ing a telepicture receiver in phase synchronism 
with a corresponding transmitter. 
These and further objects of my invention will 

become apparent from the following description 
taken in connection with the drawings, in which: 

Figure 1 is a schematic representation of a 
preferred telepicture transmitter, and 

Figure 2 is a corresponding diagrammatic rep 
resentation of a telepicture receiver employing 
my novel phase synchronizing System. 

Referring to Figure 1, a source of light gen 
erates a beam f focused to a point by a lens 
system 2 upon the picture to be transmitted which 
is mounted on the cylindrical drum 3. 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 
4 from the picture is focused upon the photo 
electric cell 5 by lens system 2'. The intensity 
of the refracted beam 4 is proportional to the 
shading of the picture elements which are suc 
cessively moved past the light beam . The pic 
ture drum 3 is rotated by shaft 6 driven by Syn 
chronous motor 7. Motor 7 is preferably con 

(C. 178-69.5). 
nected to a commercial electrical supply system 
8, for example, a 60 cycle, 110 volt system. Re 
duction gearing, not shown, reduces the motor 
speed to, for example, 100 revolutions per min 

ute at shaft 6. 
The anode potential for the photoelectric cell 
is supplied by the potentiometer 9 connected 

across a suitable direct current voltage source 
O. Condenser f by-passes the potentiometer 

9 section to ground. The cathode 2 of the 
photoelectric cell 5 is connected to the control 
grid 3 of a screen grid modulator tube 4 by 
means of connection lead 5. The control grid 

is adjustably biased by means of potenti 
ometer connected across a suitable grid bias 
ing source . The grid bias for control grid 
fa is supplied from the potentiometer is through 
the grid input resistance 8. 
Screen grid f is connected to a suitable po 

tential point on the direct current source 20 
through an impedance choke 2. The anode 22 
is connected to the potential source 20 through 
an impedance choke 23. A tone generator 50, 
schematically indicated, produces an alternat 
ing current potential across two potentiometers 
24 and 25. The tone generator 50 may be an 
audio frequency vacuum tube Oscillator, or an 
alternating current generator driven by an elec 
tric motor or preferably geared to motor 7. The 
alternating current signal from tone generator 
50 is coupled to the screen grid 9 through a 
coupling condenser 26. The impedance choke 
2 prevents the tone signal from being by-passed 
to ground through the potential source 20. 
The varying light beam 4 produces correspond 

ing electrical variations at the control grid 3 of 
vacuum tube f4 as is well known in the art. In 
troducing a tone or carrier signal from genera 
tor 50 to the screen grid 9 corresponds to the 
well known screen grid modulation method. The 
signal produced in the output circuit of the vacu 
um tube f4 across the impedance choke 23 is 
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coupled to the control grid 27 of amplifier stage 
28 by means of the coupling condenser 29. A 
milliammeter 30 inserted in Series with the anode 
22 circuit in lead 23 serves as a visual indica 
tion of the operating condition of the telepic 
ture transmitter. 
When no light impinges upon the photo-cell 

5, the control grid 3 has a potential correspond 
ing to the adjusted bias by potentiometer 6 
and the tone or carrier signal output of the 
vacuum tube 4 will be at a minimum. The 
indication of the milliammeter 30 will accordingly 
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also be at a minimum. When a bright spot is 53 
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2 
scanned on the picture being transmitted, the 
potential of control grid 3 will correspondingly 
increase. The anode 22 current will therefore 
also increase. The indication of milliammeter S6 
will correspondingly increase. The alternating 
current or carrier current output proportionate 
ly increases as is well known to those skilled in 
the art. Meter 3 accordingly indicates the func 
tioning of the telepicture transmitter. 
The control grid 2 of amplifier tube 28 is irr 

pressed with an alternating current signal of fre 
quency equal to the generated tone 50 and ampli 
tude modulated in accordance with the varying 
intensity of the light beam 4 impinging, on the 
photo cell, 5. The grid bias for control grid 2 is 
supplied by the bias battery 3A connected to the 
grid 3 through grid resistor 32. The prinary 
of audio transformer 33 is connected in the out 
put circuit of amplifier stage 28. The seconds, 
of transformer 33 is connected to the input (8 
audio amplifier 60, for further amplification of 
the telepicture signals for transmission to a re 
mote station. The output 6A-62 of audio ampli 
fier 69 may be connected to a land transmission 
line, or to a radio transmitter for nodulating a 
radio frequency carrier wave for radiation to 8, 
remote receiver as is well known in the art. 
Synchronization of the transmitter and re 

ceiver picture drums is accomplished by nears 
of a synchronizing signal transmitted during each 
revolution of the transmitter drum 3 for control 
ing the synchronizing mechanism at the receiver 
to be hereinafter described. I prefer to transmit 
the tone or audio carrier signal of intensity 
greater than the maximum picture signal inten 
sity for the cyclic synchronizing signals. In 
Figure schematically illustrate a preferred 
method for producing the Synchronizing signals. 
The potentiometer 25 is adjusted for a suitable 
tone voltage to be intermittently impressed upon 
the control grid 27 through coupling condenser 
3. 
The synchronizing signals are transmitted dur 

ing a small predetermined portion of the time 
required for each revolution of the drum 3. A 
cam 35 attached to the drum shaft 6 actuates the 
contact blade 36 of a can switch. Projection 3 
of the cam 35 closes the cam Switch circuit blades 
36-38 which are connected in Series with the 
leads 39 and 40 from the potentiometer 25 to the 
coupling condenser 34. The angular position of 
cam projection 37 corresponds to the "dead' or 
underlap portion of the picture drum 3 where 
the “dead' edges of the picture being transmit 
ted are fastened by clamping members 4. 
A carrier voltage preferably of increased in 

tensity as compared to the maximum telepicture 
signals is accordingly transmitted cyclically dur 
ing the transmission of a picture for Synchro 
nizing the receiving drum or drums for the pic 
ture. The cam switch 36-38 connects the 
second amplification stage 28 to a Synchronizing 
signal of sufficient magnitude So that the signal 
strength of the synchronizing signal Output of 
stage 28 is equal to or preferably greater than 
the magnitude of 8, "white' or normally maxi 
mum picture signal at the output. Adjustment 
of potentiometer 25 is accordingly made. It is 
to be understood that the can switch 36-38 is 
operated during the underlap or "no picture' 
portion of the telepicture cycle corresponding to 
about 10 or 15 degrees of the drum. 
In adjusting the transmitter, potentiometer 9 

is suitably set for operating the photoelectric 
cell 5. The potentiometer 6 is adjusted so that 

2,069,061 
the bias for the control grid 3 permits a Small 
tone signal to be transmitted during the black 
elements of the picture. The frequency of the 
carrier may, for example, be 2,000 cycles. In One 
embodiment, milliammeter 36 indicated .1 of a 
milliampere as the average direct current in the 
anode 22 circuit corresponding to black. A white 
picture element corresponds to the aximum 
value of transmitted carrier picture signal. The 
corresponding reading of the milliamneter 38 was 
0.8 milliamperé indicating an increased anode 
current. 
Adjustments of the potentiometers 6 and 26 

are made with black and white light signals in 
pressed upon the photoelectric cell 5, giving cor 
responding meter 39 indications, in this.example, 

Internediate shading. of .1 to .8 milliampere. 
between black and white corresponds to t('Ans 
mitted tone or carrier Sigyals of intenediate 
intensity, and the meter 38 will have correspond 
ing intermediate indications. The adjustments 
are made so that the Inaximum transmitted sig 
nal corresponding to White picture elements 
should not exceed a predetermined value. In 
half tone reproduction it is not desirable to have 
the maximum received signal, Corresponding to 
White, too large, since the shading effect of the 
received picture will not be fully reproduced. It 
is preferable to have the maximum picture signal 
correspond to a light gray on the film at the 
receiver to insure all the variations between the 
maximum white signal and minimum black sig 
nal being reproduced. 
A relatively small carrier output corresponding 

to black picture elements is preferably produced, 
to have the picture signals override any back 
ground or line noise Or interference signals, al 
though a zero carrier output may be used for 
"black'. Although in my preferred telepicture 
system, the shading of a picture yields varying 
picture signal intensities, it is to be understood 
that black and white facsimile reproductions may 
be transmitted by Such apparatus, the signals 
being represented by corresponding minimum 
and maximum carrier signal strengths. 

It is to be understood that my preferred syn 
chronizing system is applicable to other telepic 
ture systems and circuits. For example, in a 
system dispensing with a tone or audio carrier 
corresponding to generator 50, a suitable impulse 
may be cyclically impressed upon an intermedi 
ate amplifier stage, preferably of signal wave 
shape which a "white' picture signal has. For 
example, if no 'chopper' or audio-carrier for the 
picture signals is employed a suitable direct cur 
rent biasing voltage cyclically applied to an in 
termediate stage of the signal amplifier would be 
used. 
The cyclic or synchronizing signals are trans 

mitted during the underlap period or "no pic 
ture' period of each cycle SO as not to interfere 
with the picture record or signals. In Figure 2, 
I illustrate a schematic representation of a pre 
ferred telepicture receiving system controlled by 
the synchronizing signals for maintaining phase 
synchronism of the receiver record sheet with 
the transmitted picture. In this modification the 
tone carrier is not rectified, but is directly repro 
duced on the record sheet to obtain a "broken' 
or half-tone picture representation. As will be 
evident to those skilled in the art, rectification 
of the tone or audio carrier wave will produce 
picture signals corresponding in wave form to 
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those at the photoelectric cell 5. However my 
synchronizing system and circuits therefor are 75 
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2,089,061 
equally applicable to different telepicture or fac 
simile Systems and Figure 2 will particularly set 
forth my invention at the receiver station. 

Referring to Figure 2, the input T-72 of 
audio amplifier O is either connected by wire 
lines to the output 6-62 of the transmitter or 
to a Suitable radio receiver (not shown) if a radio 
transmitter is used. If rectification of the pic 
ture audio carrier is desired the detector or de 
modulator is included within the amplifier unit 
80. 
The output of amplifier80 is connected by leads 

8-82 to the input stage of a push-pull class B 
amplifier 00, through the interstage transformer 
Of. The push-pull stage 00 comprises two am 

plifier tubes O2 and 03 connected in a well 
known manner. The Output of the push-pull 
stage foe is connected to the primary fo4 of the 
output transformer 05. The output of the sec 
ondary 106 of transformer 05 is connected to a 
photolamp to containing a gas such as neon, 
for producing a light beam Old Output in ac 
cordance with the telepicture signals received. 
The light output 0Ta from lamp O is suitably 
focused upon the receiving drum O8 by a lens 
System 09. 

I prefer to use a neon crater photo-lamp 07 
having a control electrode 0 which is connected 
to one terminal of the transformer secondary 
O6 and an auxiliary or striking electrode 7. 
The plate 2 of lamp OT is connected to the 
positive terminal of a suitable direct current 
source 3, the negative terminal of which is 
connected to ground. The other terminal f4 
of the transformer secondary 06 is connected to 
the plate 2 through a variable resistance 5 
and fixed resistance 6. The auxiliary or strik 
ing electrode it is connected to ground by lead 

8. As is well known in the art, the auxiliary 
electrode maintains a striking or discharge 
condition at the photo-lamp plate 2, so that it 
will always be in readiness to respond to tele 
picture signals introduced between the plate 2 
and the control grid O. A by-paSS Condenser 

9 is connected between the output terminal 4 
and ground. 
The receiver drum 08 is driven by a synchro 

nous motor 20 connected to supply lines 8. The 
lines 8 are preferably from the same alternating 
current supply as those of the transmitter 8 
although such condition is not essential. The 
synchronous motor f2O drives drum 08 through 
the schematically indicated Overrunning or posi 
tive clutch 2. The details of the drive mecha 

5 nism of my present invention are optional except 
that they are intermittently controllable by the 
synchronizing signals to maintain drum 08 in 
phase synchronism. In my Reissue Patent No. 
19,575 Idisclose a synchronously operated mecha 
nism for connecting and disconnecting a me 
chanical positive driving connection between the 
motor and the drum dependent upon signal ac 
tuation of a pawl engaging a ratchet wheel. The 
limits of the phasing positions are within the 
width of one tooth of the ratchet wheel. 

In the parent application referred to and in my 
Copending application Serial No. 72,991, filed 
April 6, 1936, is disclosed a preferred positive 
driving connection and disconnection means us 
ing an overrunning clutch corresponding to 
clutch 2 having a stop plate corresponding to 
stop plate 2a for Operating the clutch. Al 
though I prefer to illustrate my present inven 
tion with a positive drive connection and discon 

3 
nection device it is to be understood that is mere 
ly by Way of example and not limitation. 

Drum. O8 is preferably driven at a slightly 
faster Speed than the corresponding transmitter 
drum 3, for example, in a ratio of 101:100. The 
clutch 2 is under control of armature 22 which 
is actuated by the synchronizing magnet 23, to 
maintain the drum 08 in phase synchronism 
With the transmitter drum as will be herein 
after set forth. A direct current potential source 
24 supplies the magnet 23 through the relay 
contacts 25-26. e 

: The anode potential source 27 for the push 
pull amplifier stage 100 is supplied to the center 
tap 28 of the primary 104 through the synchro 
nizing cam Switch 30-3. A cam 32 is con 
nected to the shaft 33 at the driven side of the 
Overrunning clutch 2. The projection 34 of 
the cam 32 is the same angular position of shaft 
33 as the film clamping members f35 of the 
drum O8 corresponding to the underlap or 
"dead' portion of the drum, The cam switch 
30-3 is normally maintained closed during 
the major portion of the rotation of cam 32, 
and the anode current from source 27 normally 
directly flows to the push-pull amplifier stage 
00 during the reception of the telepicture signals. 
The cam switch 30-3 is opened by the 

projection 34 of the cam 32 during the syn 
chronizing or underlap period of the receiver. 
The underlap period of the drum 108 corresponds 
to the position of the film clamps 35 which 
clamp the "dead' edges of the record sheet. 
The projection 34 of cam 32 is angularly posi 
tioned to correspond to the position of the clamps 
35. The anode current from source 27 is ac 

cordingly directed to the amplifier 100 through 
the Synchronizing relay 36, which relay 36 is 
otherwise short circuited by switch 30-3. 
The Synchronizing signal, as hereinabove de 
Scribed, occurs during the underlap period of 
the picture transmitter, and is preferably of 
greater magnitude than the telepicture signals. 
Synchronizing relay 36 is preferably a marginal 
relay responding only to the increased magnitude 
signals So as to avoid the possibility of inter 
ference of the synchronizing action by any of 
the telepicture signals. The push-pull amplifier 
00 rectifies the alternating current synchroniz 

ing impulse in the anode lead, and the actuation 
of the relay 36 is by rectified or unidirectional 
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 successfully employed 
Synchronizing signals of intensity equal to the 
"white' picture element signals operating an 
Ordinary relay. It is also to be understood that 
the Synchronizing magnet 23 may be directly 
energized by the Synchronizing signals, displac 
ing the relay 36. However, in large receivers it 
is preferable to employ a relay since local ener 
gization of the magnet permits the design of a 
more powerful clutch control mechanism. 
The receiver drum fo8 is prepared for the 

Synchronizing signal during the receiver drum fos 
underlap by cam 32. The synchronizing signal 
Will accordingly flow through and energize the 
Synchronizing relay 36 which then closes the 
relay contacts 25-26, locally energizing the 
Synchronizing magnet 23. The Synchronizing 
magnet 23, when energized, will attract the 
clutch trip armature 22 away from stop plate 
2a to permit the overrunning clutch 2 to 
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4. 
normally continue to drive the receiver drum 

8; i. e., should the drum 88 be in Syn 
chronism and in proper phase, the release of 
armature 22 away from the plate 2a would 
permit continued rotation without angular. 
alteration. However, in the illustrated embod 
iment of my invention, the receiver drum is 
rotated slightly faster than the trains inittes 
drum and the overrunning clutch 2 is accord 
ingly momentarily tripped due to action of the 
armature 22 normally mechanically biased by 
spring 22a to tripping position. The synchro 
nizing relay 36 actuates the Synchronizing mage 
net 23 to cyclically attract the arrnature 22 
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away from the clutch stop plate 2d to main 
tain the scanning lines of the received picture 
in phase with respect to each other and the 
transmitter. 
My novel synchronizing system accordingly 

cyclically transmits a synchronizing signal by 
introducing it to an intermediate amplifier stage 
at the transmitter during the “underlap' picture 
period which signal controls the receiver phase 
synchronizing relay and apparatus. Vy re 
ceiver relay system is operated in the class B 
push-pull amplifier anode supply connection lead 
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so that audio-carrier frequencies are self-recti 
fied. Although illustrate a synchronizing relay 
36 for operating a locally energized Synchroniz 
ing magnet 23 it will be evident that the Syn 
chronizing magnet may be directly energized. 
The receiver can switch 30-3 short circuits 
relay 36, during the picture translation period 
to avoid connection of any energy consuming de 
vice other than those normally connected in the 
telepicture receiver circuit and accordingly mini 
mize frequency distortion. Upon reception of the 
synchronizing signal the drum 08 is adjusted 
to phase synchronism in its rotation cycle. 

I claim: 
1. In a telepicture system, a source of carrier 

current; means for transmitting said carrier with 
amplitude varying in accordance with the shadi 
ing of a picture to be transmitted; means for 
cyclically transmitting said carrier with a pre 
determined amplitude; means for receiving and 
amplifying the transmitted signals comprising a 
first and second amplifier tube connected in op 
posed relationship including a common anode 
potential lead said amplifier tubes being suitably 
biased to produce a change in the amplitude of 
the anode current of said lead in response to said 
cyclically transmitted signals; a receiver Scanning 
mechanism comprising a rotatable member; 
means for synchronizing the rotation of said 
member comprising a synchronizing magnet 
connected in series with said common anode poll. 
tential lead; means for normally short circuiting 
said magnet during the intervals of picture re 
cording; and means for cyclically rendering said 
magnet responsive to said anode current for 
maintaining Said member in Synchronous rota 
tion. 

2. In a telepicture system, a source of carrier 
current; means for transmitting said carrier with 
amplitude Varying in accordance with the shading 
of a picture to be transmitted in predetermined 
intervals corresponding to successive lines of said 
picture; means for cyclically transmitting said 
carrier With a predetermined anplitude greater 
than the maximum picture signal amplitude; 
means for receiving and amplifying the trans 
mitted signals comprising a first and second 
amplifier tube connected in opposed relationship 
including a common anode potential lead said 

2,089,081 
amplifier tubes being suitably biased to produce 
& change in the amplitude of the anode current 
of said lead in resposase to said cyclically trans 
mitted signals; a receive scanning mechanism 
comprising a rotatable negnber; means for syn 
chronizing the rotation of said member com 
prising & synchronizing magnet connected in 
Series with said coinnea agode potential ead; 
means for Enorinally short-circuiting said imaginet 
during the intervais of picture recording; and 
means for cyclically endering said inagnet re 
sponsive to said anode carrent for Iriantsizing 
said member in synchronoug rotation. 

3. a telepicture syster, a source of carrier 
current; means for transmitting said carrier with 
amplitude varying in accordance with the shi 
ing of a picture to be transmitted in preciate 
nined intervals corresponding to successive Aes 
of said picture; neeins for transmitting said car 
rier with a predetermined amplitude betwee: the 
picture signal intervals; means for receiving and 
an plifying the transmitted signals including a 

5 

2. 

first and second amplifier tube having a correzon 
anode potential lead said 82nplifying means be 
ing adjusted to produce a self-rectifying sction 
of the signals in said lead; a scanning mechanism 
comprising a rotatable member; means for syn 
chronizing the rotation of said member com 
prising a Synchronizing magnet connected in said 
Common anode potential leadi; means cooperable 
with said rotatable member for normally short 
circuiting said magnet during the intervais of 
picture recording comprising a cam switch con 
nected across Said magnet, and for cyclically 
rendering said magnet responsive to said anode 
current for maintaining said member in synchro 
nous rotation. 

4. In a telepicture system, a source of carrier 
current; means for transmitting said carrier with 
amplitude varying in accordance with the shad 
ing of a picture to be transmitted in predeter 
mined intervals corresponding to successive lines 
of Said picture; means for transmitting said car 
rier with a predetermined amplitude greater than 
the maximum picture signal amplitude between 
the picture signal intervals; means for receiv. 
ing and amplifying the transmitted signals com 
prising a first and Second amplifier tube con 
nected in class B push-pull relationship includ 
ing a common anode potential lead; a scanning 
mechanism comprising a rotatable member; 
means for Synchronizing the rotation of said 
member comprising a direct current synchroniz 
ing magnet connected in series with said com 
mon anode potential lead; means for normally 
short circuiting said magnet during the inter 
vals of picture recording; and means for cycli 
cally rendering Said magnet responsive to said 
predetermined amplitude signals for maintain 
ing Said member in Synchronous rotation. 

5. In a telepicture system, a source of carrier 
current; means for transmitting said carrier with 
amplitude varying in accordance with the shad 
ing of a picture to be transmitted in predeter 
mined intervals corresponding to successive lines 
of Said picture; means for transmitting said 
carrier with a predetermined amplitude greater 
than the maximum picture signal amplitude ice 
tween the picture signal intervals; means for 
receiving and amplifying the transmitted signals 
comprising a first and second amplifier tube in 
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cluding a common anode potential lead said aim 
plifying means being adjusted to produce a self 
rectifying action of the signals in said lead; a 
Scanning mechanisin comprising a rotataible 75 
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drum; means for synchronizing the rotation of 
said member comprising a direct current synchro 
nizing magnet connected in series with said com 
mon and de potential lead; means for normally 
short circuiting said magnet during the inter 
vals of picture recording comprising a can switch 
connected across said magnet; end means for 
cyclically rendering said magnet responsive to 
said anode current for maintaining said drum in 
synchronous rotation comprising a cam connected 
to said drum for opening said cam Switch between 
successive lines of picture recording. 

6. In a telepicture system, a source of carrier 
current; means for transmitting said carrier with 
amplitude varying in accordance with the shad 
ing of a picture to be transmitted in predeter 
mined intervals corresponding to successive lines 
of said picture; means for cyclically transmitting 
said carrier with a predetermined amplitude; 

S 
means for receiving and amplifying the trans 
mitted signals comprising a first and second am 
plifier tube connected in class B push-pull rela 
tionship including a common anode potential 
lead; a scanning mechanism comprising a rotat 
able member; means for Synchronizing the ro 
tation of said member comprising a Synchroniz 
ing relay connected in series with said common 
anode potential lead; means for normally short 
circuiting said relay during the intervals of pic 
ture recording comprising a cam SWitch Con 
nected acroSS Said relay; and means for cycli 
cally rendering said relay responsive to said pre 
determined amplitude signals for maintaining 
said member in synchronous rotation to actuate 
said magnet comprising a cam Connected to said 
member for opening said Cam Switch between 
Successive lines of picture recording. 

WAM G. E. ENCE, 
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