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This invention relates to an improvement in 
facsimile receivers and more particularly to a 
system for maintaining a facsimile receiving ap 
paratus in synchronous operation with the oper 
ation. Of the facsimile transmitter. 
At the facsimile transmitting apparatus the 

copy to be transmitted is positioned in a machine 
or transmitter such that the copy can be scanned 
in a line-by-line fashion to produce facsimile 
signals. These signals are then transmitted to the 
receiver by any appropriate means and are then 
utilized to produce a facsimile of the original 
copy. Naturally, it is necessary to maintain syn 
chronous operation between the transmitter and 
the one or more receivers in order that a true, 
copy of the original may be produced. For this 
purpose it is generally customary to transmit a 
synchronizing or framing signal at the end of 
each line scanned at the transmitter, this sig 
nal being generally transmitted to the receivers 
by the same method utilized for the transmis 
sion of facsimile signals. This Synchronizing or 
framing impulse is then utilized at the receiver 
for maintaining the receiver in synchronous op 
eration with the transmitter. 
Warious methods have been devised for main 

taining synchronous operation between the fac 
simile receiver and the transmitter. 
many of the prior art systems are not fully ade 
quate and do not produce the required degree of 
synchronous operation especially where high 
speed facsimile is used. Furthermore, in other 
known synchronizing systems, the reception of 
a synchronizing - or framing signal is necessary 
to maintain proper operation of the receiver with 
the result that the absence of one or more syn 
chronizing or framing impulses if succession 
may often cause the facsimile receiver to drop 
completely out of synchronism with the trans 
mitter. The absence of one or more synchro 
nizing or framing impulses may frequently occur 
for various reasons such as, for example, fading 
or a momentary inoperative condition of a part 
of the system. Warious other known facsimile 
synchronizing systems have the objection that, 
in the absence of a synchronizing or framing 
signal, the receiver may immediately begin to 
run too fast or too slow and case a distorton 
in the produced copy. Furthermore, in other 
known synchronizing systems the synchronizing 
or framing impulse is effective to control the 
speed of operation of the facsimile receiver only 
during the intervals that the synchronizing sig 
nal is being received, the machine or receiver 
running "free' between synchronizing intervals, 
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Such systems may cause distortion of the pro 
duced copy particularly in the region at the end 
of each scanned line. 

In the present facsimile synchronizing system 
all of the above referred to objections have been 
Overcome and through the use of the present 
invention it is possible to maintain very accu 
rate Synchronism between a facsimile receiver 
and transmitter even under conditions of fading 
or momentary absence of the synchronizing or 
framing impulses. Furthermore, through the use 
of the present invention it is possible to produce 
and maintain a correction voltage for adjusting 
the speed of operation of the facsimile receiver 
until the operating speed has been adjusted to 
bring the operation of the receiver in synchro 
nism. With the transmitter. 
The present invention utilizes a Wheatstone 

bridge arrangement with means responsive to 
received framing impulses for producing a speed 
correcting voltage, the magnitude of the pro 
duced voltage, as well as its polarity, representing 
the error in lack of synchronism and whether or 
not the receiver is operating fast or slow. When 
the facsimile receiver is in synchronism with 
the transmitter no correcting voltage is produced, 
but when the receiver is operating slow with re 
spect to the transmitter a correcting voltage of 
one polarity is produced, with the magnitude of 
the voltage being a function of the lack of syn. 
chronism, whereas when the receiver is operat 
ing fast a voltage of the opposite polarity is pro 
duced in a magnitude which is also a function 
of the degree of lack of synchronism. 
The present invention also includes means for 

producing a "second order” correction and acid 
ing such correction voltage to the original cor 
rection voltage thereby improving the operation 
of the facsimile receiver. Theoretically, complete 
and absolute correction for maintaining absolute 
Synchronism between transmitter and receiver 
would only be possible by using an infinite series 
of corrections. However, it has been found that 
the use of the first and second order correction 
of the series is sufficient to maintain wholly ade Guate synchronous operation. 

First order correction is a condition in whics 
the correction voltage is produced at each syn. 
chronizing or framing interval, the circuit ar. 
rangement being such that the correction voltage 
entirely disappears before (preferably just before) 
the next synchronizing or framing interval ar. 
rives. If the receiver is still out of synchronism 
a new correction voltage is produced commensu 
rate with the then lack of synchronism, Such a 



2 
system will operate to maintain synchronolis Op 
eration, but in cases where higher accuracy of 
phasing and better synchronism are desired the 
use of the first Order correction yoltage is insufi 
cient, 

In second order correction a certain predeter 
mined amount of the produced correction yoltage 
still persists at the end of a particular line, this 
voltage being readsted by the new synchroniz 
ing impulse in accordance with the lack of syne 
chronism at that time and the new voltage is. 
then used to correct for the lack of synchronism, 
this voltage or a portion thereof being maintained 
throughout the entire Scanned line. A certain 
predetermined voltage may, therefore, be main 
tained to assure synchronous operation of the 
receiver and the system is, therefore, asymptotic 
to Synchronous speed. 

It is, therefore, one purpose of the present in 
vention to provide a new and improved synchro 
nizing system for use in a facsimile receiver 
whereby the receiver may be maintained in ac 
curate Synchronism with the transmitter. 
Another purpose of the present invention re 

sides in the provision of a circuit arrangement 
whereby a correction voltage is developed at the 
facsimile receiver, the correction voltage being 
Suitable for assuring or maintaining synchronous 
Operation of the receiver with the transmitter. 

Still another purpose of the present invention 
resides in the provision of means for producing 
a correction voltage being determined in accord 
ance With whether the receiver is operating fast, 
or slow with respect to the transmitter. 
A still further purpose of the present invention 

resides in the provision of means at a facsimile 
receiver responsive to synchronizing or framing 
impulses for producing a correction voltage, the 
intensity of the correction voltage being deter 
mined in accordance with the lack of synchro 
nism between the facsimile receiver and the 
transmitter, 
Another purpose of the present invention re 

Sides in the provision of means whereby the pro 
duced correction voltage, or a portion thereof, 
may be maintained throughout each succeeding 
Scanned line in order to assure more accurate 
Synchronism between the receiver and transmit 
ter. 
A still further purpose of the present invention 

resides in the provision of means for producing 
both first and second order correction voltages 
for maintaining synchronous operation between 
the receiver and the transmitter. 
Various other purposes and advantages of the 

present invention will become more apparent to 
those skilled in the art from the following de 
tailed description and claims, particularly when 
considered in conjunction with the drawings, 
Wherein 

Figure 1 represents schematically one form of 
the present invention; and 

Figure 2 shows a plurality of curves represent 
ing produced correction voltages under various 
conditions of phase and synchronism. 

Referring now to Figure 1, there is shown a 
bridge network which operates to compare the 
phase of received synchronizing or framing sig 
nals to the phase of operation of the local record 
er or receiver to thereby produce a positive or 
negative voltage output which represents in polar 
ity and amplitude the error found to be present. 
This produced voltage may then be used to bring 
about of produce the desired synchronous opera 
tion of the receiver, 
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The system shown in Sigure responds to short 

synchronizing or framing impulses received from 
the transi initter, geiaerally in the form of short 
toase signals which are transmitted at the start 
of each scanned line. Actually the synchroniz 
Yag o' framing signals may be sent more free 
quently than for each line is more accurate syn 
Chronizing is desired, 
The System includes input transformer hav 

ing input terminals 2 connected to the primary 
thereof. A wave form, such as shown at 3, is 
to be applied to the terminals 2, and as shown in 
Figure 1, the Wave form is comprises a series of 
short tone signals identical to or corresponding 
to the Synchronizing signals transmitted by the 
facsimile transmitter. 
A full wave rectifier tube 6 is provided having 

a cathode and a pair of anodes. The ends of the 
secondary winding of the transformer are con 
nected to the anodes of the full wave rectifier 
tube So that when a Synchronizing tone signal 
is received and applied to the rectifier tube is a 
voltage will be developed across the load resistance 
8 and the condenser 29 connected in parallel 

therewith. The produced voltage impulses are 
then applied to a discharge tube 22 having a 
cathode, a control electrode and an anode. The 
potentials are naturally applied between cathode 
and control electrode, and since the cathode of 
the rectifier 6 and the cathode of the tube 22 are 
Connected together, Synchronizing or framing in 
pulses produce a negative voltage impulse upon 
the control electrode of tube 22, While this volt. 
age is Sufficiently negative to bias tube 22 to cause 
plate current cut-off, it will, however, be apparent 
that in the absence of a negative impulse or 
framing signal the tube 22 draws a certain 
amount of plate current. Tube 22 conditions the 
bridge for operation to indicate phase displace 
ment and to thereby produce a correction voltage 
So that when no negative impulse is applied to 
the grid of tube 22 (as, for example, under ab 
normal conditions) the bridge is rendered inop-e 
erative and no correction voltage is produced. 
The four arms of the Wheatstone bridge are 

represented by tubes 24 and 26 and resistances 
23 and 38. Each of the tubes 24 and 26 include 
a Cathode, a control electrode and an anode. The 
tubes 26 and 26 are connected in series with the 
anode of tube 26 connected to the cathode of 
tuba 23. 
A source of potential (not shown) is provided, 

the positive terminal of the source of potential 
being connected to terminal 32, while the nega 
tive terminal of the source of potential is con 
nected to terminal 34. Between terminals 32 and 
84 are serially connected resistances 28, and 3e, 
as well as an additional resistance 36. The 
cathode of tube 24 is connected to the junction 
of resistences 28 and 36 by way of adjustable re 
sistance 38, while the anode of tube 26 is con 
nected to the positive terminal 32 by resistance 
49, which may be made adjustable if desired, 
There is included in this connection the facsimile 
receiver commutator which affords a means of 
comparison between the phase of operation of 
the receiver and the received Synchronizing or 
framing impulses. The facsimile receiver printer 
drum is shown generally at 42 and in Ornal 
9peration one line of the facsimile copy is pro 
duced for each revolution of the drum (when a 
single helix is used) by cooperation of the helix 

75 Reissue Patent No. 

With the usual printer bar, (not shown) but illus 
fated in relation to the helix for instance by 

20,152, dated October 27, 1986, 
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granted to Charles J. Young. The printer drum 
42 carries a conducting segment 44 which ex 
tends preferably 180 degrees around the drum 
and a cooperating brush contact 46 is arranged 
to cooperate with the conducting segment. The 
conducting segment 44 and the brush 46 consti 
tute the commutator for opening and closing the 
circuit between the anode 2 of the positivester 
minal 32. Through the operation of the com 
mutator the circuit is, therefore, closed during 
one-half revolution of the printer drum and is 
open during the remaining half revolution of 
the drum, 
The circuit also includes a diode 48 having a 

cathode and an anode. The Cathode is connected 
to the control electrode of tube 26 by grid bias 
resistor 50 and to the junction of resistances 36 
and 28 by a time constant circuit including par 
allel resistance 52 and condenser 54. The 
anode of tube 48 is cohnected to the positive ter 
minal 32 by resistance 56 and the anode of this 
tube is also connected to the anode of tube 22 
by resistance 58. The anode of tube 22 is con 
nected to the control electrode of tube 4 by the 
grid bias resistor 60. 
The output voltage developed by the bridge is, 

therefore, available from the junction of resist 
ances 28 and 30 and from the conductor con 
necting the anode of tube 24 to the cathode of 
tube 26. A condenser 62 is connected between 
these points and the condenser 62 has connected 
in parallel therewith a series combination includ 
ing resistance 64 and condenser 86. The resist 
ance 64 is actually the resistance element of a 
potentiometer including movable contact 68. The 
output terminals for the control circuit are indin 
cated at 70 and 72, the former being connected 
to the adjustable contact 68 and the latter being 
connected to the junction of the resistances 28 
and 30. 
For preferred operation of the system it is 

necessary that the bridge be balanced so that 
when both tubes 24 and 26 are conducting and 
are drawing maximum permissible plate current 
(with the commutator closed) no voltage will be 
developed across the condenser 82. This bal 
anced condition may be brought about by an 
adjustment of resistance 38 (or by an adjust 
ment of resistance 40, or both). Once the bridge 
has been adjusted further adjustment is generally 
not necessary until one or the other, or both, of 
the tubes 24 and 26 are replaced. Aging of the 
tubes may, however, necessitate an occasional 
readjustment of the bridge. . 
The operation of the system will now be de 

scribed. Tube 24 is held at cut-off by the con 
ducting condition of tube 22 when no input or 
framing signal is present. When a framing sig 
nal is received, however, and a negative potential 
is simultaneously applied to the control electrode 
of the tube 22, the potential of the anode of tube 
22 increases in a positive direction and thereby 
permits current to be drawn by tube 24. Tube 26 
is normally held non-conducting by application 
of a negative potential to the control electrode 
of this tube through resistances 50 and 52. When 
neither of the tubes are conducting, naturally 
the condenser 62 is electrically isolated from the 
system and receives no charging voltage. This 
condition exists irrespective of the position of 
the commutator 44-4, since if the control elec 
trode of both of tubes 24 and 28 have applied 
thereto negative potentials sufficient to block the 
tubes, condenser B2 cannot receive a charging 
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voltage, and the position of the commutator is 
immaterial. 

If the facsimile receiver is operating at proper 
speed and is in frame (proper phase) with the 
transmitter the commutator 44-46 closes the 
circuit to the anode of tube 26 prior to the time 
when the framing or synchronizing signal is 
received. The synchronizing or framing signal 
then conditions the bridge for operation by ren 
dering tube 22 non-conducting and accordingly 
tube 24 conducting. The increased positive po 
tential on the anode of tube 48 (due to non-con 
ducting condition of tube 22) then permits this 
tube to draw current through resistance 52 and 
condenser 54 thereby charging condenser 54 up 
to the potential across resistances 28 and 30. The 
control electrode of tube 26 is then raised to a 
zero potential with respect to its cathode by 
reason of the operation of tube 48 and the charge 
potential on condenser 54. Both of tubes 24 and 
26 are, therefore, rendered conductive simul 
taneously and if the bridge is properly adjusted 
as above described, no potential charge is de 
posited on condenser 62, and accordingly, no 
potential is available at the output terminals 
70-72. Neither of the control electrodes of tubes . 
24 and 26 can be raised to a potential above the 
potential of their cathodes due to the biasing 

30 

40 

5 

50 

55 

60 

65 

70 

76 

effect of grid current in resistances 6 and 59, 
respectively. Inasmuch as the potential of the 
control electrode of tubes 24 and 26 is fixed when 
the tubes are conducting the amount of current 
passed by each of the tubes under conducting 
conditions remains constant and a properly bal 
anced condition of the bridge can be maintained, 
once it is established. 
At the termination of the framing or syn 

chronizing signal tube 22 will again be permitted 
to draw current with the result that tube 2 is 
inmediately biased to cut-off. Under conditions 
of exact proper phase relationship between the 
receiver and the transmitter the commutator 
switch 4-46 Will open the anode circuit of 
tube 26 exactly at the same instant that tube 
24 is rendered non-conducting. Both of the tubes 
24 and 26, therefore, are rendered non-conduct 
ing exactly simultaneously when the receiver is 
in exact synchronism and in proper phase with 
the transmitter. Under this condition no voltage 
is produced on condenser 62 since, as described 
above, both of tubes 2 and 26 are rendered con 
ducting and non-conducting exactly simultane 
Ously. 
For further explaining the operation of the 

system, reference is now made to Figure 2 where 
in a series of curves are shown. The curves are 
drawn in relation to time, and the interval from 
T to T3 corresponds to one synchronizing or 
framing interval which in this instance repre 
sents. One line interval. Furthermore, when a 
single spiral helix is used this lapse of time 
from T1 to T3 also corresponds to the time re 
quired for One revolution of the facsimile re 
ceiver printer drum. At the top of the figure 
is indicated the interval, at which the com 
mutator contacts open which is marked Ta. The 
contacts close at the interval marked T which 
corresponds, of course, to the beginning of a new 
interva T. 
Under conditions when the facsimile receiver 

is Operating in proper phase and synchronism 
with the transmitter the synchronizing impulse. 
as represented by curve T5 in Figure 2, shows 
the relation of the synchronizing impulse to the 
operation of the commutator contacts 44-46, 



namediately below curve 5 are curves 3 and 
which represent, respectively, the current 

through tubes 26 and 24. It Will be noticed that 
tubes 28 and 28 begin to pass current at the 
same instant and are both blocked or rendered 
<non-conductive at the same instant, this latter 
instant corresponding to the time when the 
cornmutator contacts open at 2. As explaired 
above, under these conditions no charge will ke 
placed on condenser 62 and the dotted line 
shown at 3 indicates a Zero charge condition 
for the condenser 83. V 

If the recorder or receiver is operating slow 
with respect to the transmitter a correction volt 
tage will then be developed on condenser 63. 
Under such a, condition it will be assumed that 
the curve 9 in Figure 2 represents the received 
synchronizing impulse, and its relation to time 
Ta. As soon as the synchronizing impulse arrives 
or is received (With the confutator contacts 
closed) both tubes 24 and 26 are rendered con 
ductive as explained above. Both tubes continue, 
to conduct until the termination of the received 
synchronizing signal when tube 22 is rendered 
conductive and as a consequence tube 28 is ren 
dered non-conductive. Curve 88, therefore, 
represents the current through tube 23 and 
shows the conducting period of tube 25 corre 
sponding to the interval when the Synchronizing 
or framing impulse is received. Since the re 
ceiver is running slightly slow, however, tube 
26 is not simultaneously rendered non-con 
ductive, because the commutator contacts 44-8 
are not opened until a short time interal after 
the termination of the synchronizing impulse. 
During this time interval, which represents the 
phase difference between the transmitter and the 
receiver, tube 28 continues to conduct until the 
commutator contacts open even though tube 24 
is rendered non-conductive. During this time, 
the polarity across tube 4S is reversed, and con 
denser 56 must discharge through resistances. 52 
before tube 28 can be biased to cut-off. The time 
constants of the resistance 32 and condenser 54 
are arranged to exceed the time occupied by one 
synchronizing or framing interval. Tube 26, 
therefore, draws current through condenser 32 
to charge the condenser in a positive direction 
for the duration of the interval between the 
termination of the synchronizing or framing 
signal and the opening of the Commutator cons 
tacts 44-83. The current through tube 28 is 
represented by the curve 8, while the positive 
charge on the condenser 62 is represented by the 
curve, 82. 
control apparatus for bringing about the proper 
desired speed and phase relationship between the 
receiver and transmitter. 
The charge condition that existed on con 

denser 52 just prior to the reception of the 
synchronizing impulse is very quickly discharged 
as SOOn as both tubes 24 and 28 are rendered 
simultaneously conducting upon the receipt of a 
synchronizing impulse. This is because the corn 
bined impedance of the tubes is quite low when 
they are in a conducting condition, and as a 
result condenser 82 is discharged. The effect on 
condenser 68 will be described later. 

In regard to Figure 2 it will be observed that 
the time interval. Ta remains fixed and repre 
sents the instant that the commutator contacts 
44-6 open. In representing out-of-phase or 
improper speed conditions of the receivers with 
respect to the transmitter the time interval dur 

his potential may then be used to 
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shown as shifted with respect to time Ta. The 
instant the commutator contacts open Yas 
chosen as the reference point for the curves 
shown in Figure 2, since they represent condis 
tions occurring at the receiver and the relative 
tige intervals can best be represented and vis-. 
Laalized by choosing that instant as fixed. Ac 
tually, the synchronizing or framing impulses 
are generally transmitted at a definite fixed rate 
and the operation of the commutator contacts 
vary in time relation thereto in accordance With 
the instantaneous speed and phase conditions 
of the receiver. Also, the time intervals T and 

3 are also shown fixed in Figure 2 for purposes 
of simplicity, but naturally the intervals T1 and 
T3 vary relative to the received synchronizing 
impulses with variations in Ta and, furthern Ore, 
the time interval between Ti and T3 (and like 
Wise their spacing as represented in Figure. 2) 
Will actually increase or decrease slightly if the 
receiver is running slow or fast as compared to 
its proper operating speed. 

Should the receiver be considerably Out of 
phase and running considerably slow with re 
spect to the transmitter, then the condenser 
$2 will be charged to its maximum or full posi 
tive potential. Such a condition is represented 
in Figure 2 where the curve 83 represents the re 
ceived synchronizing signal and its time displace 
ment with respect to the interval Ta. It will 
be noticed that the displacement in this instance 
is considerably greater than the time displace 
ment represented by the curve 9. Under such 
a condition of operation both tubes will be si 
multaneously rendered conducting, as explained 
above, and tube 2 will be rendered non-conduct 
ing simultaneously with the termination of the 
scanning or framing signal as represented by the 
curve 88. Tube 28, however, will continue to con 
duct as shown by the solid line curvel 35 until 
the commutator contacts open at interval Ta 
during which time the charge On the condense 
82 reaches a maximum. The charge on the con 
denser is represented by dotted curve 88. 

If, however, the receiver or 'ecorder is op 
erating fast with respect to the transmitter, then 
a different operation of the bridge circuit takes 
place. The curve shown at 8 represents, for 
example, a slight advancement of the recorder 
with respect to the transmitter. Under such 
condition both tubes 23 and 23 will be simula 
taxaeously reindered conducting; however, the 
conductive condition of tube 26 will be termi 
rated while the Synchronizing inpuise is stilii 
being received by reason of the operation of the 
commutator contacts $é-86, he curve 33 
shows, therefore, the time interval during which 
the tube 26 will be permitted to pass current, 
which interval is less than the interval occus 
pied by the synchronizing signal. Tube 24, how 
ever, will continue to conduct until the scanning 
Synchronizing or framing signal has terminated, 
Curve 89, therefore, shows a curve representing 
the current through tube 28. Since tube 23 is 
rendered non-conducting by the operation of the 
commutator, prior to the discontinuance of op 
eration of tube 23, a charge will be placed on 
condenser 62 in a negative direction, as indi 
cated by the curve 98. It will be noticed that 
this charge is negative under a condition when 
the receiver is operating fast with respect to the 
transmitter, whereas in the above assumed ex 
ample where the receiver was operating slower 
than the transmitter a positive charge was pro ing which the synchronizing signal is received is 75 duced on the condenser. 
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If the receiver is appreciably faster and con 

siderably more out of phase with respect to the 
transmitter then a still different Set of circum 
stances exist. Under these conditions it will be. 
assumed that the commutator contacts 44-46 
open prior to the reception of the synchronizing 
impulse, as shown by curve 9. Under this con 
dition tube 26 is not rendered Conducting, but 
instead only tube 24 is rendered conducting and 
its conducting condition exists during the time of 
reception of the synchronizing signal. The 
period of conductivity of the tube 24 is repre 
sented by the curve 92. Under such a condition 
a stronger negative charge will be placed on 
condenser 62, as represented by the curve 93. 

It will be seen, therefore, that a potential may 
be derived from the terminals 70-2 having a 
polarity depending upon whether the receiver is 
slow or fast with respect to the transmitter. Fur 
thermore, it may be seen that the intensity of 
the potential or its magnitude is a function 
of the out-of-phase relationship between the re 
ceiver and the transmitter. 
The polarity of the produced control potential 

Will be in accordance with the nearest framing 
condition. Framing, therefore, will take place in 
the direction requiring the least amount of time, 
since the bridge circuit can produce either posi 
tive or negative control voltages. For example, 
should the receiver for some reason begin to 
run fast and finally reach a phase condition so 
that it is more than 180 degrees fast with respect 
to the transmitter, the then produced control 
potential will not operate to slow down the re 
ceiver but will instead continue to increase the 
speed of the receiver until the proper phase 
operating condition is reached, since it would 
require a lesser amount of time to frame the re 

O 

5 
tube 26 will remain conducting, as indicated by 
curve 96 to thereby place a positive charge on 
the condenser 62, as indicated by the curve 97. 
With the system so far described and without 

the inclusion of the condenser 66 and resistance 
4, first order correction potentials will be pro 
duced across condenser 62. The additional fea- . 
ture of the system, however, includes the net 
work of the resistance 64 and condenser 66 which 
are placed across the condenser 62. These ele 
ments permit second order correction to be ob 
tained. As explained above the addition of the 
second order correction adds greatly to the ac 
curacy of synchronism. The operation of the 
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ceiver in that direction than in the opposite. 
This is a distinct advantage over the prior art 
Synchronizing systems where framing is always 
in the slow direction. As a result of the ad 
vantage the framing operation can be quite rapid. 

It will also be noticed that there is no dead 
spot even with the scanner drum exactly 180 
degrees out of phase With respect to the trans 
mitter, 
curve shown at the bottom of Figure 2 wherein 
curve 94 shows the received synchronizing sig 
nals occurring at time intervals Ti and Ts and 
approximately 180 degrees out of phase with re 
spect to the transmitter. As long as the re 

Such a condition is represented by the 
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ceiver synchronizing signal Overlaps to any extent " 
the interval during which the commutator con 
tacts 44-46 are closed, then the receiver or 
recorder will frame in the fast direction. How 
ever, if there is no. Overlapping the framing will 
be in the slow direction. Curve 94 shows a slight 
overlapping of the received synchronizing signal 
with the interval during which the commutator 
contacts are closed and under this condition tube 
24 will be first rendered conductive as repre 
sented by the curve 95, while tube 2 remains 
non-conductive. During this slight time interval 
a negative charge will begin to develop on con 
denser 62, but as soon as the commutator con 
tacts close (during which time the synchronizing 
signal is still being received, as indicated by 
curve 94), tube 2 will also be rendered con 
?uctive, and as long as both tubes are conducting 
nr further charge will be deposited on the con 
denser but instead condenser 2 will be dis 
charged. As soon as the synchronizing signal 
terminates, however, tube 24 will be rendered 
non-conductive, as indicated by curve 95, while 
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second order correction network is as follows: 
It will be assumed that the value of the re 

sistance 64 is. of such value that condensers 62 
and 66. will equalize to a fixed voltage in a time 
interval less than that represented by T. and 
T. Then if the value of the condensers 82, and 
4 are equal, the voltage available at the output 

terminals 70-72 will be divided according to the 
position of the movable contact 68 along with . 
the potentiometer resistance 64. If the movable 
contact is at or near the center of the resistance 
64 the result then is to obtain at the owtput 
terminals a potential equivalent to One-half the 
potential initially deposited on condenser 62 by 
the first framing impulse. Since condenser 62 
is electrically isolated as soon as the synchro 
nizing signal terminates, the charge on condenser 
62 equalizes so that condensers 66 and 62 finally 
assume a charge equal to one-half the total 
charge or original charge on 62 (assuming con 
denser 66 had no initial charge). During this 
equalizing interval the voltage available at the 
output terminals 70-72 remains constant by rea 
son of the inclusion of the potentiometer 64 and 
the position of the contact 68 at the center 
thereof. The next framing impulse recharges 
condenser 62 to some new value, and the output 
potential will then be the average of the charges 
then existing on condensers 62 and 68. This 
charge condition will then equalize to a new value 
during the following line interval. Accordingly, 
each time a signal framing impulse chahges the 
charge on condenser B2 up or down the previous 
charge on condensert is also slightly altered 
and is also effective toward controlling the po 
tential available at the output terminals. 

If for example, 2E represents the first charge 
on condenser 62, 2Ea the second charge, and so 
forth, then: - 

1st order correction--E, 

2nd order correction-AA- E,+ 

2E +3+ . . . . 
3rd order correction--- SE E++ 
Inasmuch as the smaller fraction values of 

Ei are not of greater magnitude corrections be 
yond the second order are not ordinarily neces- . 
Sary. 

If condenser 6 is made unequal in value to 
condenser 62 or if the adjustable contact is 
varied with respect to the resistance 4 the one 
half factor above can be made any value be 
tween 1 and Zero and the series, added correctly 
to give the proper control. Normally the one 
halt factor has proven quite satisfactory. 
Through the use of the resistances 64 and 

condenser 66 it may, therefore, be seen that by 
7. providing second order control a decided im 
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provement is made in synchronizing facsimile 
receivers with transmitters. 
The potential curves shown in Figure 2 indi 

cating the charge on condenser 62 will now be 
referred to. It will be noticed that the curves 
32 and 90 representing the potentials developed 
on condenser 82 when the recorder is operating 
only slightly slow and fast, respectively, show & 
charge of a predetermined value at the end of the 
charging period. This charge the reduces to 8. 
lesser value, as shown in the curves, due to the 
equalization of the charge between condensers 62 
and 66 (for second order storage). In curves 86 
and 93 there is no reduction in charge following 
the charging period since the charging period is 
of sufficient duration to permit both condensers 
32 and 66 to reach aximum charge condition. 
Full correction potential is, therefore, available 
at terminals 9-2 when the receiver is ap 
preciably slovy Crfast. 
The produced potential available at terminals 
- 2 may be corveiently sedi for controlling 

the speed or phase of operation of the facsimile 
receiver printer drum and various circuits or ele 
rents may be used that are responsive to this 
potegtial for bringing about the desired result. 
If, for example, the recorder is drive by a syn 
chronous notor the potentia as Well as its po 
larity may be used to control the frequency of the 
supply voltage to thereby cause the receiver to 
increase or retard its speed to cring about the 
desired phase relationship. If, on the other hand, 
the receiver is driven by as induction motor the 
regulation of the receiver gay still be 30cone 
plished by controlling the frequency applied to 
the motor or if this is not done the speed Inay also 
be altered by increasing or decreasing the Voltage 
applied to the induction motor to thereby in 
crease or decrease the speed of the notor. If the 
facsimile receiver, drun is driver by 2n A. C. 
and/or D. C. series commutating notor or by a 
direct current shunt motor, the speed of the motor 
may be regulated by varying the voltage applied 
to the motor, by varying the field strength of the 
direct current shunt notor, or by regulating a 
braking action on the roor regardless of type. 
Since the control potential produced by the pres 
ent invention and available at 7G-72 may have 
one polarity or another, and since it varies in in 
tensity, such a potential may be used for con 
trolling the driving medium for the facsirhile re 
ceive irrespective of what Erediuri is used. 
Inasmuch as the present invention is con 

cerned with the production of speed regulation 
control potentials, the facsircle receiver proper 
has not been shown, since it will be appreciated by 
those skilled in the art that any desirable fac 
simile receiverinay be used. 

It is to be understood that the use of the terrins 
"pictures' or "picture signals' is meant to in 
clude the transmission of views, printed in atter, 
checks, finger prints, photographs, weather and 
military or other type maps, financial statements, 
newspaper articles, advertiseXanents, fashior 
plates, agazine articles, moving pictures, and the 
like, and, in fact, all types of subjects where in a 
visual representation of the subject netter trans 
mitted is to be reproduced at , i.eceiving point. 
Warious alterations and nodifications may be 

made in the present invention without deperting 
from the spirit and scope thereof, and it is desired 
that any and a such modifications be considered 
within the purview of the present invention, ex 
it." inited by the hereinafter appended 
cars. 
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clain: 

i. A facsimile receiving system for receiving 
picture and synchronizing impulses, the picture 
signals being representative of a subject matter 
scanned at a transmitter and the synchronizing 
impulses occurring at regularly spaced intervals, 
comprising means responsive to the received Syn 
chronizing impulses to produce corresponding 
negative control impulses, a bridge arrangement 
including a pair of series-connected electron dis 
charge paths, means responsive to the produced 
negative control impulses for varying the Con 
ductivity of one of the discharge paths between 
the limits of zero and a finite value, a facsimile 
receiver printer drum, switching means asso 
ciated with said drum to intermittently apply an 
operating potential to the other of said paths to 
condition said path for conduction, means re 
sponsive to the produced negative control im 
pulses to render said other path conducting when 
an operating potential is applied thereto by said 
switching means, means for maintaining con 
ductivity to said other path irrespective of the 
continued conductive condition of said one path 
and irrespective of the continued presence of the 
negative control impulse until said Switching 
means removes the operating potential, and & 
condenser associated with said discharge paths 
and connected between the junction of said dis 
charge paths and a point of fixed poential in 
said bridge arrangement whereby a charge 30 
tential will be deposited on said condenser in a 
polarity determined by the direction of phase dis 
placement between the operation of the switching 
means and the received synchronizing impulses, 
the intensity of the charge potential being a furic 
tion of the degree of phase displacement. 

2. A facsimile receiving system such as defined 
in claim 1 wherein said condenser has connected 
in parallel therewith the series combination of 
a resistance and a second condenser whereby a 
portion of the charge produced on said first con 
denser when an out-of-phase relationship exists 
will be transferred to said second condenser and 
retain thereby through said next succeeding 
charging interval, and output terminals connect 
ed to the common electrode of said condensers 
and to a point along said resistance whereby a 
correction potential may be derived from said 
terminals. 

3. A facsimile receiving system for receiving 
picture and framing impulses, the picture signals 
being representative of a subject matter scanned 
and the framing impulses occurring at regularly 
spaced intervals, coRaprising means responsive to 
the received freshing inpulses to produce corre 
sponding control Englises, a bridge arrangement 
including 8 pair of series-connected electro dis 
charge paths, means responsive to the produced 
control inapulses for varying the conductivity of 
one of the discharge paths between predeter 
mined substantially fixed lirnits, a facsimile re 
ceiver printer drum, commutator means associ 
8ted with said printer drum to intermittently 
apply an operating potential to the other of Said 
paths to condition said path for conduction, 
means responsive to the produced control ini 
pulses to rendie said other path conducting when 
an Operating potential is applied thereto by said 
commutator means, means for maintaining con 
ductivity of said other path irrespective of the 
continued presence of the control impulse until 
said commutator Eneans removes the operating 
potential, and are electron storage device con 
nected between the junction of said series con 
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nected discharge paths and a point of fixed po 
tential in said bridge arrangement whereby a 
charge will be produced on said electron storage 
device having a polarity determined by the time 
sequence between the received framing impulses 
and the operation of the commutator means, the magnitude of the produced charge being a func 
tion of the degree of time difference. 

4. A facsimile receiving system for receiving 
picture and synchronizing impulses, the picture 
signals representing a scanned subject matter 
and the Synchronizing impulses related thereto 
Occurring at regularly spaced intervals, compris 
ing a bridge arrangement including a pair of 
series-connected electron discharge paths, means 
responsive to the received synchronizing impulses 
for controlling the conductivity of one of the dis 
charge paths between predetermined limits, a 
facsimile receiver printer drum, means associated 
with said drum to intermittently apply an oper 
ating potential to the other of said paths to con 
dition said path for conduction, means responsive. 
to the received synchronizing impulses to render 
said other path conducting when said path is 
conditioned for conduction, means for maintain 
ing established conductivity of said other path as 
long as an operating potential is applied thereto 
irrespective of the continued receipt of synchro 
nizing impulses, and an electron storage device 
associated with said discharge paths whereby a 
charge potential will be placed on said electron 
storage device of an intensity and polarity deter 
mined by the relative conduction periods of the electron discharge paths. 

5. A facsimile receiver for receiving picture 
and synchronizing impulses, the picture signals 
representing a subject matter scanned and the 
Synchronizing impulses occurring at regularly 
spaced intervals, comprising means responsive to 
the received synchronizing impulses to produce 
corresponding regative control impulses, a fac 
simile receiver printer drum, switching means 
associated with said drum for opening and clos 
ing an electric circuit, a bridge arrangement in 
cluding a pair of electron discharge tubes con 
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framing impulses and to the operation of said 
commutator means for causing said tubes to be 
simultaneously rendered conducting and non 
conducting when the facsimile receiver is in 
proper phase and is operating in synchronism 
with received framing impulses, and means to 
place a potential charge on said condenser when 
the facsimile receiver is out of phase with the 
received framing impulses, the polarity of the 
charge being determined in accordance with the 
direction of phase displacement and the magni 
tude of the charge being determined in accord 
ance with the degree of phase displacement, 

7. A facsimile receiver such as defined in claim 
6 wherein said condenser is relieved of its charge 
each time a framing impulse is received, said 
condenser having connected in parallel therewith . 
the series combination of a resistance and an 
electron storage element whereby a charge will 
be placed on said electron storage element from 
said condenser, the charge on said electron stor 
age element being retained during framing im 
pulse intervals, and output terminals connected 
to a point along said resistance and to the com 
mon electrode of said condenser and said electron 
storage element. 

8. A facsimile receiver for receiving picture and 
framing impulses, the picture signals represent 
ing a subject matter scanned and the framing 

80 impulses occurring...at regularly spaced intervals, 
comprising a facsimile, receiver, printer dirtum, 
commutator means associated with said printer 
drum, a circuit arrangement including a pair of 
Series-connected electron discharge paths, an 
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nected in series, a condenser in said bridge cir- . 
cuit associated with said tubes and connected 
between the junction of said tubes and a point 
of fixed potential, means responsive to the pro 
duced negative control impulses and to the oper 
ation of said switching means for causing said 
tubes to be simultaneously rendered conducting 
and non-conducting when the facsimile receiver 
is in proper phase and is operating in synchro 
nism with received synchronizing impulses, and 
means to place a potential charge on said con 
denser when the facsimile receiver is out of phase 
and synchronism with the received synchronizing 
impulses, the polarity of the charge being deter 
mined in accordance with the direction inf phase 
displacement and the intensity of the charge ba 
ing determined in accordance with the degree of 
phase displacement and lack of synchronism. 

6. A facsimile receiver for receiving picture 
and framing impulses, the picture signals repre 
senting a subject matter scanned and the fram 
ins impulses occurring at uniformly spaced in 
tervals, comprising a facsimile receiver printer 
drum, commutator means associated with said 
drum, a bridge arrangement including a pair of 
electron discharge tubes connected in series, a 
condenser in said bridge circuit connecter be 
tween the junction of said tubes and a point nf 
fixed potential, means responsive to the received 
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electron storage element in said circuit associ 
ated with said discharge paths, and means re 
Sponsive to the received framing impulses and to 
the Operation of said commutator means for 
causing said electron paths to be rendered con 
ducting and non-conducting to place a potential 
charge on said electron storage element when the 
facsimile receiver is out of phase with the re 
ceived framing impulses, the polarity of the 
charge being determined in accordance with the 
direction of phase displacement and the magni 
tude of the charge being determined in accord 
ance with the degree of phase displacement. 

9. A facsimile receiving system such as defined 
in claim 8 wherein said electron storage element 
has connected in parallel therewith the series 
combination of a resistance and a second elec 
tron storage element, and output terminals con 
nected between the common terminals of the 
electron storage elements and a point along said 
resistance. 

10. A facsimile receiving system for receiving 
picture and synchronizing impulses, the picture 
signals being representative of a subject matter 
scanned at a transmitter and the synchronizing 
impulses occurring at regularly spaced intervals, 
comprising a facsimile receiver printer drum, 
switching means associated with said drum and 
Operating in synchronism and phase therewith, 
a condenser, and circuit means including a pair 
of electron discharge tubes responsive to the re 
ceived synchronizing impulses and to the opera 
tion of said switching means for placing a po 
tetial charge on said condenser when a time 
interval exists between the termination of the 
received synchronizing impulses and the opera 
tion of said switching means, said circuit means 
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Operating to place a positive charge on said con 
denser when the synchronizing impulses termi 
nate prior to the operation of said switching 
means and a negative charge on said condenser 
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when the synchronizing impulses continue to be 
received after operation of said switching means, 
the intensity of the charge being determined by 
the duration of the time interval. 

11. A facsimile receiving system such as defined 
in claim 10 wherein said condenser has connected 
in parallel therewith the series combination Ofa, 
resistance and a second condenser, and output 
terminals connected between the common ele 
ment of the condensers and a point along Said 
resistance. 

12. A facsimile receiving system for receiving 
picture and synchronizing or framing impulses, 
the picture signals being representative of a Sub 
ject matter scanned at a transmitter and the 
related framing impulses occurring at uniformly 

10 

5 

spaced intervals, comprising a facsimile receiver 
printer drum, commutating means associated 
With said printer drum and operating in synchro 
nism and phase therewith, an electron storage 
element, and circuit means jointly responsive to 
the received framing impulses and to the opera 
tion of said commutating means for placing a po 
tential charge on said electron storage element 
when an out-of-phase relationship exists between 
the termination of the framing impulses and the 
Operation of said commutating means, said neans 
Operating to place a charge of one polarity on 
Said electron storage element when the franning 
impulses conclude prior to the operation of said 

... commutating means and a charge of opposite 
polarity on said electron storage element when 
the framing impulses continue to be received after 
operation of said commutating means, the magni 
tude of the charge being determined by the ex 
tent of the out-of-phase relationship. 1. 

13. A facsimile receiving system such as defined 
in claim 12 wherein said electron storage element 
has connected in parallel therewith the series 
Combination of a resistance and a second elec 
tron storage element whereby a portion of the 
charge produced on said first electron storage ele 
ment when an out-of-phase relationship exists 
Will be transferred to said second electron storage 
element and retain thereby through said next 
succeeding charging interval point along said re 
sistance whereby 8 correction potential may be 
derived fron said terminals. 

14. A facsimile receiving system for receiving 
picture and synchronizing or framing impulses, 
the picture signals being representative of a sub 
ject matter scanned at a transmitter and the re 
lated franning impulses occurring at regularly 
spaced intervals, comprising a facsimile receiver 
printer mechanism, circuit controlling means as 
sociated with said mechanism and operating in 
synchronism and phase therewith, an electron 
storage element, and means jointly responsive to 
the received framing impulses and to the opera 
tion of said circuit controlling means for placing 
a potential charge on said electron storage ele 
ment when a time interval exists between the 
termination of the received framing impulse and 
the operation of said circuit controlling means, 
the polarity of the charge placed on said electron 
storage element being determined by the tinese 
quence of the receipt of the framing impulse as 
Compared with the operation of said circuit coin 
trolling means, the intensity of the charge being 
determined by the extent of the time inteva. 

15. A facsimile repeiver such as defined in 
claim 14 wherein said electron storage element is 
relieved of its charge each time a framing in 
pulse is received, said element having connected 
in parallel therewith the series combination of a 
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resistance and a second electron storage elelent 
the charge deposited on said second electron stor 
age element from said first element being re 
tained during receipt of framing impulses. 

16. A facsimile receiving system for receiving 
picture and synchronizing or framing impulses, 
the picture signals being representative of a sub 
ject matter scanned at a transmitter and the re 
lated Syrichronizing impulses occurring at regu 
larly spaced intervals, comprising a facsimile re 
ceiver printer drum, switching means associated 
with said drum and operating in synchronism and 
phase therewith, a condenser, and means respon 
sive to the received synchronizing impulses and 
to the operation of said switching means for 
placing a charge on said condenser when a time 
interval exists between the termination of the 
received Synchronizing impulses and the opera 
tion of said switching means, the polarity of the 
charge potential being determined by the time re 
lationship of the termination of the synchroniz 
ing inpulses as compared to the operation of the 
said SWitching means and the intensity of the 
charge being determined by the time differential. 

7. A facsimile receiving system for receiving 
picture and Synchronizing or framing impulses, 
the picture signals being representative of a sub 
ject Einatter scanned at a transmitter and the 
related fraining impulses occurring at evenly 
spaced time intervals, comprising a facsimile re 
ceiver printer drum, commutator means associ 
ated with said drun and operating in synchro 
inism and phase therewith, an electron storage 
element, and Eleans jointly responsive to the re 
ceived framing impulses and to the operation of 
said commutator means for placing a potential 
charge or said electron storage element when a 
time interval exists between the termination of 
the received framing impulses and the operation 
of Said commutator neans, the polarity of the 
charge being determined by the time relationship 
between the termination of the fraining impulses 
&nd the Operation of the said commutator means 
&nd the Eagnitude of the charge being dete 
mined by the time differential. 

8. A facsimile receiver such as defined in 
claim ill wherein said electron storage element is 
relieved of its charge each time a framing m 
pulse is received, said electron storage element 
having connected in parallel therewith the series 
combination of a resistance and a second elec 
tron Storage element whereby the latter element 
Play be charged by S8id first element, the charge 
On said secondi electron storage element being re 
tained during receipt of framing impulses, and 
output terminals connected to a point along said 
resistance and to the common terminal of said 
electron storage elements. 

19. A facsimile receiving system for receiving 
picture and synchronizing or framing impulses, 
the picture signals being representative of a sub 
ject matter scanned at a transmitter and the rea 
lated framing impulses occurring at regularly 
spaced intervals, comprising a facsimile receiver 
mechanism, circuit controlling means associated 
with said mechanism and operating in synchro 
nism &nd phase therewith, an electron storage 
element, means responsive to both the received 
framing impulses and the operation of the circuit 
controlling means for placing a potential charge 
on said electron storage element when a time ine 
terval exists between the received framing in 
pulses and the operation of said circuit controlling 
means, the polarity of the charge being detero 
mined by the time relationship of the received 
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framing impulses as compared with the operation 
of the said circuit controlling means and the 
magnitude of the charge being determined by the 
time differential, said electron storage element 
having connected in parallel therewith the series 
combination of a resistance and a second electron 
storage element, and output terminals connected 
between the common terminals of the electron 
storage elements and a point along said resist 
ace. 

picture and synchronizing or framing impulses, 
the picture signals being representative of a sub 
ject matter scanned at a transmitter and the re 
lated framing impulses occurring at regularly 
spaced intervals, comprising a facsimile receiver 
mechanism, circuit controlling means associated 
with said mechanism and operating in synchro 
nism and phase therewith, an electron storage ele 

20. A facsimile receiving system for receiving 
() 
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ment, means responsive to both the received fram- 2 

ing impulses and the operation of the circuit con 
trolling means for placing a potential charge on 
said electron storage element when a time inter 
val exists between the received framing impulses 
and the operation of said circuit. controlling 
means, the polarity of the charge being deter 
mined by the time relationship of the received 
framing impulses as compared with the opera 
tion of the said circuit controlling means and 
the magnitude of the charge being determined by 
the time differential, said electron storage ele 
ment having connected in parallel therewith the 
series combination of a resistance and a second 
electron storage element whereby a portion of the 
charge produced on said first electron storage ele 
ment when time interval exists will be transferred 
to said second electron storage element and re 
tain thereby through said next succeeding fram 
ing impulse charging interval. 
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