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UNITED STATES PATENT OFFICE 

This invention relates to improvements in the 
art of facsimile transmission and reproduction; 
that is the reproduction at one or more receiving 
stations of a facsimile or facsimiles of an origi 
nal subject at a transmitting station. The dis 
closure of our invention comprises a complete 
facsimile system, together with improvements 
in details and parts thereof. The use of the 
novel methods and apparatus is not however 
limited to combination with this particular fac 
simile system; the various parts herein disclosed 
may be combined in other ways and With other 
systems; in addition, many novel features herein 
disclosed find application in allied arts, and the 
invention is not limited to their use Solely in a 
facsimile system as herein disclosed. 
One of the objects of our invention is to pro 

vide a simple and flexible means of transmitting 
pictures or the like from point to point; and to 
provide a high efficiency of reproduction in mak 
ing the facsimile of the original subject. 
Another object of our invention is to provide 

a method for an improved utilization of the 
transmitted signal; and to utilize a picture fre 
quency for control of unit area reproduction, in 
contradistinction to the usual envelope frequiency 
utilized for this purpose. 
Another object of our invention is to provide 

a simple and direct method of Synchronization; 
and means to provide a simple and direct method 
of phasing. 
Another object of our invention is to provide 

a system of facsimile reproduction which may 
utilize any suitable existing communication cir 
cuit; and which is simplified so as to be operable 
Successfully by comparatively untrained per 
SOInnel. 
A still further object of Our invention is to 

provide means for the operation of a facsimile 
system under the conditions specified by the 
Federal Communications Commission; and to 
provide means for facsimile transmission Over a 
voice frequency circuit in such a manner as to 
be non-interfering to other circuits associated 
therewith. 
Other objects of our invention will be set 

forth in the appended specification, in which, 
and in the annexed drawings, certain forms of 
our invention have been set forth by Way of 
example and for the purpose of explaining the 
Sale. 

A system of facsimile transmission embodying 
the principles of our invention is in commerciai. 
use. The invention will therefore be described 
with reference to this system, which consists of 

the photographic reproduction of photngraphs 
or other similar matter. Our invention resides 
primarily in the terminal equipment amployed, 
and not in the communication channels involved. 
Any Suitable wire circuit, or any suitable radio 
circuit may be utilized for the purpose of carry 
ing this invention into effect. In the commer 
cial form referred to above, standard com 
mercial telephone channels are employed for 
the transmission of photographs. 
One feature of Our invention is directed to the 

method of coupling utilized between the fac 
simile apparatus and the telephone circuit; this 
coupling is of such a nature as to comply with 
the rulings of the Federal Communications Con 

0. 

mission, and it is to be understood that the use 
of this coupling is not a limitation on the scope 
of the invention, as the other parts thereof may 
readily be utilized with othe coupling means 
than those designated to comply with the regul 
lations aforesaid. 
In order to Scan the original subject to be 

transmitted, we may make use of a rotating 
drum or cylinder; associated with which is a 
mechanism giving a relative lateral movement 
between the drum and the scanning apparatus. 
This relative movement may conveniently be 
effected by means of a lead screw suitably oper 
ated to give the desired helical travel of a scan 
ning Spot over the Surface of the subject to be 
transmitted. While various novel devices are 
described herein with special reference to the 
sending and receiving mechanisms, it is to be 
understood that there is no limitation in the 
invention implied by the use of the drum method 
of Scansion. The same principles may be em 
ployed with flat-bed, spiral, side-to-side or any 
other method of Scansion which it may be de 
sired to employ. 
According to the form of our invention herein 

described, the original subject to be transmitted 
is placed in the transmitting machine and 
wrapped around the drum. Suitable clips hold 
this Original Subject firmly on the surface of the 
drum. Light from a Suitable Source is focused 
to a spot on the Surface of this Original Subject, 
which may be a picture, photograph or other 
material to be transmitted. The light is re 
flected therefrom to a photo-electric cell, and by 
means of this cell the lights and shades of the 
Original Subject are translated into electrical 
electrical impulses. 

For transmission over a telephone line or a 
similar communication channel, a signal is re 
quired which is alternating in character. The 
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signal may be of a constant frequency varied 
with respect to amplitude; or a constant ampli 
tide varied with respect to frequency; Or a COn 
bination of the two. The signal may also be of 
the timed impulse type wherein the duration of 
each impulse or train of impulses is a measure 
of the tone value of the unit area under Scansion 
at any particular instant. 
A number of methods well known in the art 

may be used to secure a pulsating signal from a 

is output of an alternating current generator of 

photo-electric cell system; these include an 
alternating or undulating potential on the 
photo-electric cell; or the control by the photo 
electric cell and a modulating system of the 

suitable frequency. Alternately, the light Source 
may be alternating in character, or the light 
path may be interrupted by any suitable means 
at a point between the light source and the 

20 photo-electric cell. 
Of these, we have illustrated one, in which 

light is focused by means of a lens System onto 
the surface of the original subject to be trans 
mitted; this beam of light is interrupted by an 

25 interrupter having the requisite number of holes 
or slots necessary to produce a series of light 
impulses on the surface of the photo-electric 
cell of a frequency suitable for use in the system. 
As the light, after leaving the interrupter strikes 

30 the surface of the original subject to be repro 
duced before reaching the photo-electric cell, 
the tone value of each unit area of the original 
subject serves to control the intensity of the 
unit light impulse striking the photo-electric 

35 cell. 
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The pulsating electric current from the photo 
electric cell is translated into alternating current 
by the action of the first transformer in the 
circuit, in accordance with well known principles. 
This alternating current may then be amplified, 
and the amplification may be carried out by 
means of conventional thermionic tube ampli 
fiers, or by any other Suitable means of ami 
plification. After amplification, the signal from 
the photo-electric cell may be mixed with a 
starting and Synchronizing signal; and these sig 
nals are applied through a coupling device to the 
telephone line, after further amplification if 
desired. 
At the receiving station, there is provided a 

similar drum and lead screw arrangement to 
that at the sending station. The drum or cyl 
inder may be contained in a light-tight housing, 
and has mounted thereon a film having a photo 

A beam of light 
is arranged so as to fall on this film, and the 
relative movements of the said beam and the 
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film surface are so arranged as to be identical, 
complementary, or proportional to the relative 
Imovements of the scanning beam and original 
Subject at the transmitting station. 

In Order that the individual unit areas of the 
original shall be correctly located in spatial re 
lationship to each other on the received fac 
simile, it is necessary with this system for the 
transmitting and receiving cylinders to run in 
synchronism. Also, in order that the junction 
of the original Subject on the transmitting cyl 
inder shall correspond with the junction of the 
photographic surface on the receiving cylinder, 
it is necessary that the two cylinders shall be 
in phase with each other. 
Our invention provides a method of transmit 

ting phasing and synchronizing signals from the 
transmitting station to the receiving station in 

2,164,038 
order to achieve the above results. In the form 
of the invention illustrated, the phasing is ac 
complished by the first impulse of the synchro 
nizing signal; this impulse being released to the 
line automatically at a suitable point to insure 
the correct phase relationship between the trans 
mitting and receiving cylinders. Our invention 
is not limited to the use of the particular syn 
chronizing system here shown. 

For driving the receiving cylinder and the re 
ceiving lead screw, Small synchronous motors 
are used. The power to drive these motors is 
provided from an amplifier operated by signals 
received from the transmitting station over the 
communication channel. - 
Due to the transmission limitations of an ordi 

nary telephone line, and of many of the com 
munication channels available for the purpose of 
facsimile transmission, we do not attempt to se 
cure a flat frequency transmission characteristic 
for the whole band of frequencies involved. Our 
equipment is peaked to secure the maximum re 
Sponse at the particular frequencies which we 
utilize. Further, due to the low frequency cut 
off of the majority of telephone and other com 
munication channels, We prefer to send a con 
posite synchronizing signal from the transmit 
ting station located in a band of frequencies 
which is efficiently transmitted by the communi 
cation channel to be used, and utilize a compo 
nent of this composite signal for the driving of 
the Synchronous motors at the receiving end, 

For example, where we use 60 cycle synchro 
nous motors, We prefer not to send a 60 cycle 
signal Over the line, as the line characteristics 
at this frequency are extremely unfavorable. 
We therefore combine two higher frequencies, 
both of which will be transmitted satisfactorily 
over the circuit, in such a manner as to provide 
a 60 cycle beat at the receiving station. By use 
of a suitable network, this beat signal is sepa 
rated from the two component frequencies and 
used to drive the motors. In practice, we have 
found the frequencies 540 and 600 cycles to be 
suitable for transmitting the 60 cycle beat note 
to the receiver. 

Therefore, at the transmitter, we may provide 
two generators driven in conjunction with the 
sending cylinder, one generating a frequency of 
540 cycles and the other generating a frequency 
of 600 cycles. A special relay circuit described 
below may be utilized to keep these synchroniz 
ing frequencies of the line until a desired phase 
relationship exists between the revolving trans 
mitting cylinder and the stationary receiving 
cylinder. When this condition occurs, the first 
synchronizing impulse is sent to the receiving 
station and the receiving cylinder comes up to 
speed in correct phase relationship with the 
transmitting cylinder. 
The signal is applied to the telephone line, at 

the transmitter by the coupling device. The 
telephone circuit, being an ordinary commer 
cial circuit and passing through the ordinary 
repeaters and other apparatus, transmits the 
said signal to the receiving point or points; 
here another coupling coil picks up the signal 
and applies it to the input of a pre-amplifier. 
After preliminary stages of amplification, net 
works in the form of electric wave filters sepa 
rate the picture and synchronizing signals into 
their respective channels; and after further am 
plification if required, these two signals are ap 
plied to the receiving mechanism to perform 
their respective functions. 
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The picture signals, consisting of constant fre 

quency varying amplitude signals as originated 
in the photo-electric cell at the transmitting sta 
tion, are applied to a galvanometer unit or light 
valve by means of which they are caused to 
control the intensity of a beam of light in Such 
a manner as to regulate the exposure On a 
photographic surface on the receiving cylinder. 
In this particular arrangement, shown here by 
way of example, these picture signals vary the 
intensity of a beam of light from a Source of 
constant intensity; they may however be utilized 
to control the intensity of the source, as for 
example in the case of a gaseous discharge lamp. 
The interrupter disc may be driven by a Con 

stant speed motor, which may be a motor whose 
speed is adjusted to be sufficiently constant for 
the purposes required, or may be a Synchronous 
motor driven from the same source as the motor 
rotating the cylinder. A definite relationship 
may be established between the speed of the in 
terrupter disc and the speed of the cylinder, So 
that the light pulses passing through the inter 
rupter disc fall upon the original subject in Such 
a manner as to divide this surface into a series 
of unit areas; this implies that there is a fixed 
relationship between the rotational spacing of 
the spot hit by each succeeding pulse and the lat 
eral spacing between adjacent turns of the scan 
ning helix. In practice we have found that there 
are certain wide limitations within which this 
relationship can best be established. 
As the interrupter frequency is also the Scan 

ning frequency, the changes which occur in the 
scansion of a single area, have a definite value 
in the reproduction of the facsimile; and accord 
ing to our invention, a function of these changes 
is incorporated in the transmitted signal, and is 
reproduced by the special arrangement which we 
may employ of the galvanometer unit or light 
valve. A full wave galvanometer unit is employed 
in the reproduction of the facsimile, so that each 
complete cycle of the alternating current trans 
mitted from the sending station is represented by 
two exposures on the photographic Surface in 
building up the facsimile reproduction at the re 
ceiving station. 

It can readily be seen that our invention results 
in a far higher transmission speed for the Same 
photographic efficiency; in the first plate, the 
conventional relationship between carrier and 
modulation frequency is eliminated; and in the 
second place, the full signal wave is recorded on 
the photographic surface at the receiving sta 
tion to provide a greater resolution of the received 
picture. 
Apart from the combination of photo-electric 

cell and high fidelity transformer and filter at 
the transmitting station, the above result is se 
cured by means of a special mask or aperture in 
the receiving unit. The preferred form of receiv 
ing unit may consist of a galvanometer, respon 
sive to the interrupter frequency. The signal 
applied to the galvanometer unit is alternating in 
character, not pulsating as is common practice 
with other systems; and this alternating signal 
Swings the reflected beam of light to either trans 
parent side of a central opaque portion of a light 
aperture. The two sides of the aperture may be 
identical, similar, or of a variant shape. 

It is of importance to note that the function 
performed by the galvanometer unit or light valve 
when used in accordance with our invention, dif 
fers from the function normally performed by 
Such a mechanism in the same way as a Class B 

3 
amplifier differs from a Class A amplifier in radio 
Service; and this difference is also borne Out by 
the relative efficiency of the two methods of gal 
vanometer unit or light valve operation-the 
Class B method of galvanometer unit operation 
according to our invention being more eficient 
than the conventional envelope frequency meth 
Od. 
In commercial practice we have used an inter 

rupter giving a frequency of light impulses of 
approximately 1800 per second; as previously ex 
plained, this gives a picture signal of a frequency. 
of 1800 cycles per second. This frequency is suf 
ficiently separated in the frequency spectrum 
from the other frequencies employed to allow for 
adequate filtering to segregate the synchronizing 
frequencies and the picture signal frequency at 

, the receiving station. 
The two synchronizing frequencies, after being 

segregated by a band pass filter or by other suit 
able means, are passed through a filter or tuned 
circuit which may have the form of a low paSS 
filter of the constant-k or m-derived type. This 
filter is arranged to pass the beat frequency, and 
to reject either of the two component frequencies. 
The result is that the envelope of these two fre 
quencies, or in other words the beat frequency 
only, is passed through the low pass filter; and, 
after amplification, this beat frequency may be 
utilized as driving power for the motor or motors 
on the receiver. 

10 

s 

In the modification of the apparatus illus 
trated and described herein, two separate motors 
are provided in the receiving mechanism. One 
of these motors drives the receiving drum, and 
the other motor is geared to the lead screw mech 
anism for controlling the lateral relative motion 
of the drum and galvanometer unit. As an alter 
native to this method of driving both motorS un 
der the control of the received signal, we have 
found that sufficient accuracy of reproduction 
may be secured by driving the cylinder motor 
from the received signal, and by driving the lead 
screw motor from the local power Supply. 
As an alternative to providing the complete 

power for driving the receiving motors from the 
amplified synchronizing signal, this signal may be 
utilized to control the speed of a motor or motors 
whose main source of rotational power is provided 
from some other source of energy; the Synchro 
nizing signals then provide only the power neceS 
sary to regulate the speed instead of the total 
power required. 
In conjunction with the photo-electric cell and 

its amplifier in the transmitter, we employ a net 
Work which acts as an electric wave filter selective 
to the scanning frequency. We have found that 
the use of such a wave filter increases the faithful 
ness of reproduction of a facsimile due to the elim 
ination from the circuit of spurious signals, of fre 
quencies other than the scanning frequency, intro 
duced by the relative travel of the transmitting 
cylinder while the original subject thereon is ex 
posed to a light impulse. Intensity changeS 
which occur within the duration of one light in 
pulse are handled by means of the electrical sys 
tem; other changes which represent a derivative 
of the picture are Suppressed in Order to Secure 
faithful reproduction at the receiving station. 
The effect of this derivative phenomenon is a 
complex function of the interrupter frequency, the 
tone difference, the inear speed, and the capac 
itative effect of the photo-electric cell itself. In 
order to minimize the effect of spurious frequen 
cies, we have found it advisable to insert a network 
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4. 
whose function is that of a low pass filter, cutting 
off slightly above the upper of the two generator 
frequencies, in the circuit of the generators at the 
transmitting end. This filter network tends to 
reduce harmonic distortion in the output of the 
generators themselves, and therefore to reduce 
distortion in the whole synchronizing system. 
The generators described in this application are 

of a type particularly Suited to this work. It is 
however possible to replace these generators with 
others of several well known types without depart 
ing from the spirit of the invention. The type of 
generators which we have produced comprise a 
permanent magnet with adjustable pole pieces, 
around which polepieces are located pick-up coils 
of a suitable impedance. Between the pole pieces 
passes the toothed edge of an iron disc; the shape 
of the tooth may be of an involute form. In the 
mechanical construction of the generators, ar 
rangements are made for the movement of the 
pole pieces towards and away from the center of 
the shaft, whereby a suitable spot can be obtained 
for the production of approximately a pure Sine 
WaWe. 
mechanism whereby they can be drawn towards 
each other or separated, therefore changing the 
gap between pole pieces and the generator disc to 
allow for adjustment of the apparatus to the 
required output. 
As the receiver motors are driven by the ampli 

fied signal from the transmitter, it can be seen 
that their speed is controlled directly by the speed 
of the transmitter motor; as this latter drives the generators which produce the synchronizing sig 
nal. For example, where the transmitter motoris 
a synchronous motor running at 1800 R. P.M. and 
by mechanical coupling generating frequencies of 
540 and 600 cycles, the beat frequency, which 
drives the receiver motor is 60 cycles giving a 
normal speed of 1800R. P.M.; should the speed of 
the transmitter motor drop to 1770 R. P. M., the 
540 cycle frequency will drop to 531 cycles, and the 
600 cycle frequency will drop to 590 cycles; the 
beat between these two frequencies is 59 cycles, 
which will give a speed of 1770 R. P. M. to the 
receiving motors. This speed is the same as the 
speed of the transmitting motor, and therefore 
transmitter and receiver will continue to run in 
Synchronisn; moreover, changes in speed of the 
transmitter will be compensated by corresponding 
changes of the receiver motors, due to the above 
described mathematical relationship of the fre 
quencies and the direct coupling of the generators 
to the transmitter motor. 
The transfer of energy to the telephone line is 

readily accomplished by making use of the induc 
tion coil provided in the telephone box. This in 
duction coil is wired into the circuit of the tele 
phone instrument, and also of the telephone line 
to the exchange; so that by inducing a current or 
currents into the induction coil, a transfer of 
energy takes place which employs the signals from 
the telephone circuits. In the case of the trans 
mitter, the coupling coil becomes the primary of a 
transformer whose secondary is the telephone in 
duction coil; in the case of the receiver, the cou 
pling coil is the secondary of a transformer whose 
primary is the telephone induction coil. 
The coupling transfer coil may comprise an air 

core coil, or it may comprise a coil having a lami 
nated COre and a winding thereon. The location 
of the coil with reference to the telephone bell box 
depends upon the type of bell box employed; 
adjustment for this feature is however very read 
ily made by a process of exploration whereby the 

The pole pieces are provided with a screw 

2,164,038 
optimum coupling is readily determined. As 
previously mentioned, in a preferred embodiment 
of our invention the coupling transfer collis tuned 
to be responsive to the particular frequencies 
which we desire to transmit. This tuning is car 
ried out in conjunction with the telephone induc 
tion coil which forms the secondary of the trans 
former So as to Secure a peaked response in the 
telephone line from the signals from the trans 
mitter. 

In practice a number of different types of bell 
boxes are encountered; and the optimum position 
for coupling has been known to vary with differ 
ent types of bell boxes. One particular type, 
which is a standard type used by the American 
Telephone & Telegraph Company, is herein shown 
with the coupling coils arranged in a suitable posi 
tion for inducing signals into the line and for pick 
ing up signals from the line. It is not essential 
that the coupling be through the induction coil in 
the telephone bell box: we have achieved suitable 
results by placing a coupling coil in an electro 
magnetic relationship with the receiver coils of 
the telephone receiver; and we have carried out 
experiments showing that there are other ar 
rangements possible. 
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In the accompanying drawings, certain modifi 
cations of the apparatus are illustrated; the par 
ticular form or forms of the invention here de 
Scribed do not however form a limitation of the 
Scope of the invention to the particular apparatus 
herein shown in the drawings, in which: 

Fig. 1 shows a diagrammatic layout of a send 
ing station. 

Fig.2 shows a diagrammatic layout of a receiv 
ing station. 

Fig. 3 shows an arrangement of parts of a send 
ing unit. 

Fig. 4 shows a plan view of a lead screw and 
aSSociated mechanism for lateral travel. 

Fig. 5 is an elevation of apparatus shown in 
Fig. 4. 

Fig. 6 is an end view of apparatus shown in 
Figs. 4 and 5. 

Fig. 7 shows a skeletonized view of a galvanom 
eter unit. w 

Fig. 8 shows one of the masks used in a gal 
vanometer unit. 

Fig. 9 shows another of the masks used in a 
galvanometer unit. 

Fig. 10 illustrates a wave form of a picture 
signal. 

Fig. 11 illustrates a wave form of one phonic 
generator. 

Fig. 12 illustrates a wave form of another 
phonic generator. 

Fig. 13 illustrates a wave form of the combina 
tion Synchronizing signal from two phonic 
generators. 

Fig. 14 shows a skeletonized view of a receiving 
box. 

Fig. 15 shows an elevation of an interrupter 
disc. 

Fig. 16 shows an enlarged portion of a received 
photographic surface. 

Fig. 17 shows one arrangement of coupling 
coils. 
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Fig. 18 shows a schematic circuit of COLlpling 
coils shown in Fig. 17. 

Fig. 19 shows a layout of a complete facsimile 
system. 

Fig. 20 shows a section of cylinder holding 
mechanism. 

Fig. 21 shows an elevation of one end of a cylin 
der and associated holding mechanism. S 
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Fig. 22 shows a method by which the cylinder The phonic wheel has eighteen segments, and 

holding mechanism may be operated. 
Fig. 23 shows an arrangement for a receiving 

coupling coil. 
Fig. 24 shows an arrangement for transmitter 

and receiver coupling coils in relation to a tele 
phone bellbox. 

Fig. 25 shows a plan view of One of the phonic 
generators. 

Fig. 26 shows a side elevation of Fig. 25. 
Fig.27 shows in chart form a suitable arrange 

ment of bands of frequencies which may be 
employed. 

Fig. 28 shows a type of overall transmission 
characteristic for the system. 

Fig. 29 shows certain filter network char 
acteristics. 

Fig. 30 shows other filter characteristics. 
Fig. 31 shows an arrangement of a receiver 

starting mechanism. , a. 
Fig. 32 shows a circuit and arrangement of a 

transmitter starting impulse mechanism. 
Fig. 33 shows an arrangement of a light-tight 

cover on a receiving machine. 
Fig. 34 shows a portable receiving box and 

mount. 
Fig. 35 shows a schematic circuit of one ar 

rangement of apparatus. 
Fig. 36 shows one type of photo-electric cell. 
Fig. 37 shows an arrangement of transmitting 

and receiving mechanism at a single station. 
Fig. 38 shows a drive for an interrupter. 
Fig. 39 shows a hinged block for Control of 

lateral travel. 
Fig. 40 shows a side elevation of Fig. 39. 
In Figure 1, an original subject to be trans 

mitted f is wrapped around the sending drum 2, 
and held in position by suitable clamps 34 and 
35. A light source 4 is contained in a lamp hous 

ing 5, which may be provided with a spherical 
mirror 6. An interrupter disc chops the light 
beam at a predetermined frequency; this inter 
rupter 7 may be driven by a motor 8 and mounted 
on the plate 9, which is adapted to travel in a 
lateral direction under the influence of the lead 
screw C which is driven by the gear fl. 
The cylinder 2 rotates on its axis under the 

control of the gear 2. Both the gears and 2 
are driven by the transverse shaft f4 through 
the gear 5 on the shaft 6 of the motor . 
The shaft 6 carries, in addition to the gear 

f5, the phonic wheels 8 and 20. Associated with 
the phonic wheel 8 is the generator 9, and asso 
ciated with the phonic wheel 20 is the generator 
2. By means of a segmented construction of 
the wheels 8 and 20, alternating currents of de 
sired frequencies are generated in the coils of the 
magnetic generators 9 and 21. 
As has been previously mentioned, other ar 

rangements than that shown for the gears 5, 2, 
and may be employed. Individual Synchronous 
motors may be used to drive each of the units of 
the transmitter; or the drives may be combined 
in any suitable mechanical combination to be 
driven by one or more motors. 
One of the leads from the phonic generators 

is passed to the relay 22, and thence together with 
the other lead from the generators 9 and 2, to 
the electric wave filter 24. This electric wave 
filter may be provided with a volume control 25, 
and it performs the function of removing Spurious. 
harmonics and other undesired characteristics 
from the output of the phonic wheel generators. 
In One form of the apparatus, the motor it is 

75 a synchronous motor revolving at 1800 R. P. M. 

the phonic wheel 20 has twenty segments. Thus 
the generator 9 generates a current. at a fre 
quency of 540 cycles per Second, and the genera 
tor 2 produces a frequency of 600 cycles per is 
Second. It is to be noted that the beat frequency 
between these two generator frequencies is 60 
cycles per second. The network in the filter 
24 may be in the form of a low pass filter, cutting 
of just above 600 cycles per secondi. ... O 

Figures 25 and 26 show a plan and elevation of 
a generator 9 and segmented wheel 8. The 
generator 19 may be provided with an outer cas 
ing 100 and a permanent magnet Of, which may 
be provided with pole pieces O2. These pole s 
pieces carry Screws OA, and mounted thereon are 
coils 105. A wheel 8 revolves so that its teeth. 
pass between the ends of screws (04. Due to the 
Segmented nature of the wheel 8, a pulsating 
electro-magnetic flux is set up by the magnet 20 
Of through pole pieces 02, screws 04, and the 

teeth of the wheel 8. This pulsating magnetic 
fiux causes the generation of a corresponding cur 
rent in the coils 05. The wave shape of this 
current is dependent upon the shape of the teeth is 
of the wheel 8 and the adjustment of screws (04 
relative thereto. 

Figure 12 shows a wave shape of a signal from 
the generator 9; Figure 11 a shape of a signal 
from the generator 21. It will be noted by com- so 
parison of Figures 1 and 12 that the former is 
of a slightly higher frequency. After combina 
tion of the outputs of the two generators, a re 
Sultant wave shape of the type shown in Figure 13 
is produced. This is a beat frequency, which is . 
the envelope frequency of Figure 13, and which 
is the desired synchronizing signal which is in 
this manner to be transmitted to a receiving 
station, and in the example here given is 60 cy 
cles per second. 4. 
The relay 22 is operated through a switch 29 

by means of a cam 26 and contact 27. An ar 
rangement of the circuit for this is shown in 
Figure 32; wherein a cam 26 and associated rider 
27 coact to close the contact O6. The relay 22 4s 
is provided with a coil C and contacts O and 
09. In conjunction with the battery 108, a 

Switch 29 and contacts fos and O7 are so ar 
ranged that on the closing of the switch 29 the 
next make of the contact 06 will energize the so 
coll 0 by means of the battery O8. By the 
Consequent movement of the armature of the 
relay, the contact OT is closed and short cir 
cuits the contact 06; thus the coil to is con 
tinually energized from the battery O8 until iss 
the Switch 29 is manually opened. The ener 
gizing of the coil fio also causes the relay arma 
ture to close the contacts 09 and thereby com 
pletes the circuit from the generators 9 and 2 
through the leads 23. 80 
Thus the train of synchronizing impulses is 

Sent out through the amplifier to the line after 
the closing of the switch 29 under the control of 
the relay 22, at a predetermined position in the 
cylinder revolution which may conveniently be 
the moment at which the junction of the original 
subject passes in front of the light beam; and as 
previously described this first impulse of the 
Synchronizing signal serves to start the receiving 
cylinder in its rotation in correct phase rela- O 
tionship with the rotation of the transmitting 
cylinder. The output of the filter network 24 
is passed to the transmitter amplifier by means 
of the leads 28. 

the beam of light from the lamp 4 strikes the is 
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surface of the original subject at a point 30. 
The light is reflected from the surface at this 
point, and intercepted by the photoelectric cell 
3A, which may conveniently be in the form of a 
cell with a hole for the passage of the light beam 
therethrough. As previously described, the in 
terrupter 7 breaks up the light into impulses, pro 
ducing a succession of electrical pulses in the cir 
cuit of the photo-electric cell 3, each electrical 
pulse being proportional to the tone value of a 
corresponding elemental area of the original Sub 
ject under scansion at the point 30. From 
the photo-electric cell 3 the leads 32 carry these 
pulses to the amplifier 34, which may be pro 
vided with a volume control 35, which may be 
used to regulate manually the level of the pic 
ture signal. The amplifier 34 converts the pulses 
from the cell 3 into an alternating current sig 
na, as previously described, and amplifies this 
signal to the desired level. M " . 
A typical wave form of the picture signal as 

generated in the photo-electric cell 3 and passed 
through the amplifiers is illustrated in Figure 10. 
It Will be seen that the Wave of Figure 10 COn 
sists of a single frequency whose amplitude is 
varied in accordance with the lights and shades 
of elemental areas of the picture or subject to be 
transmitted; the heights of the waves in this 
figure being proportional to the tone values, and 
each wave corresponding to an individual unit 
area of the Subject under Scansion. 
The interrupter disc has, in one machine 

built according to this invention, 60 openings 
through which the light may pass. The motor 8 
may be a synchronous motor revolving at 1800 
R.P. M.; therefore the output of the amplifier 36 is 
a frequency of 1800 cycles per second, varying 
in amplitude in accordance With the tone values 
of successive elemental areas of the original Sub 
ject. 
The amplifier 35 is connected by the leads 37 

to the filter 36; this filter whose function has 
been previously described may comprise a high 
pass network; the cut off point of which may 
lie below the frequency generated by the inter 
rupter disc. The purpose of the network is to re 
move from the output circuit the signal com 
ponents which represent the rate of change of 
the Output of the photo-electric cell due to the 
rotational relationship between the light beam 
and the picture mounted on the cylinder. 
This filter network 36 may be of the same type 

as a filter network later referred to in the de 
Scription of the receiving electrical system. In 
the particular apparatus we use, the network 
consists of two T sections in series, having three 
condensers in series in the upper arm and two 
inductances in multiple across the two arms. 
A power amplifier 38, which may be of any 

conventional type of power amplifier having the 
0 ‘required input and output characteristics, may be 

70 

s 

provided to further amplify the picture signals 
and also to amplify the Synchronizing signals if 
desired. This power amplifier 38 is connected to 
the filter network 36 by the leads 39, and also 
to the filter network 24 in the synchronizing cir 
cuit by the leads 23. A number of methods of 
mixing these two signals may be employed, but 
in the practical equipment which we use we 
have provided a series circuit for the mixing of 
these two signals. 
The power amplifier 38 is, in this illustration, 

connected to the coil 4 whereby energy is trans 
ferred to the induction coil in the telephone box 
42, and thence to the line 44. The telephone 

2,164,038 
instrument is indicated at 43; this instrument 
performs no useful function in connection with 
the transfer of energy or the transmission of 
the picture, except that, if no cut-off switch is 
provided, it is advisable to cover the mouthpiece 
of the instrument to prevent the pick-up of ex 
traneous noises which might be superimposed on 
the telephone circuit. 
strument should be removed from its hook for 
the purpose of completing the circuit to the ex 
change. The power amplifier may be provided 
with a volume indicator 40 whereby the energy 
applied to the coil sf may be measured in order 
to determine that the correct level is being sent 
out. 

In cases in which the regulations requiring that 
the connection to the telephone line be without 
physical contact are waived, it is to be under 
stood that the coupling coil 4 may be dispensed 
with and the output of the amplifier 38 coupled 
in any other suitable manner to the telephone 
line 44. For example, should a repeat coil be 
used for this purpose, the line 44 will be connected 
to the secondary of this repeat coil and the am 
plifier 38 to the primary. In this case, the out 
put of the amplifier may be reduced in proportion 
to the increased efficiency of the repeat coil over 
that of the transfer coil 4 and the induction 
coil in the box $2. 
Thus the signal, consisting of both picture sig 

nal and Synchronizing signal, is transferred from 
the Sending machine to the telephone circuits in 
dicated as starting with the telephone line 44. 
From this point, the signals pass through the 
regular telephone equipment of exchanges, net 
works, repeaters, etc., to the receiving station. 
A layout of the System, showing both trans 

mitting and receiving stations connected by a 
line through the telephone exchanges, is illus 
trated in Figure 19. 

Figure 2 illustrates one form of receiving ap 
paratus which may be employed according to 
Our invention. In this figure, the signals are 
received over the telephone line 44a, associated 
With which is the telephone box $2a and the tele 
phone instrument 43a. The telephone signals 
pass through the induction coil within the box 
É2a, and the pick-up coil 46 is located adjacent 
to Said box in such a manner as to form the sec 
Ondary of a transformer of which the induction 
coil is the primary. Thus the signals from the 
line 64d induce a magnetic field around the in 
duction coil, whose lines of force cut the pick 
up coil 46 in such a way as to induce a corre 
Sponding current in the coil 46 and the circuits - 
asSociated thereWith 
The coil 6 is connected by the leads 47 to 

the amplifier 48, which is conveniently provided 
With a volume control 69 for the purpose of con 
trolling the system. This control may be em 
ployed in view of the difference encountered in 
practice in telephone circuits of different char 
acteristics. 
The amplifier 8 is connected to the filter net 

works 50 and 5. These networks may be pro 
Wided with volume controls 50a and 50 for the 
purpose of balancing the level of the two sets 
of signals. It has been found in practice that 
different telephone lines sometimes have differ 
ent frequency characteristics; so that different 
degrees of attenuation are experienced in the pic 
ture and Synchronizing signals. This difference 
is compensated for by the balance achieved by 
the two volume controls 50a and 5 fa; although 
in practice one of these controls may be elimi 

Also, the telephone in 
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nated and the other may be set at some mid- fier 52 is carried by the leads 57 to the gal position for most usual transmissions. 
The filter network 50 is of conventional de 

sign, and serves to pass the band of frequencies 
occupied by the picture signal. Since only a 
single frequency is employed for the transmis 
sion of the picture signals, this filter may be one 
having a narrow range. In practice however, 
due to variations of the interrupter disc motor 
8, and due to frequency changes which occur 
in the transmission of the signal over a stand 
ard telephone circuit, and other causes, we find 
it desirable to have a network which paSSes a 
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band of frequencies at this point. 
In certain installations, we have found it ad 

vantageous to divide up the work performed by 
this network 50; and under these conditions an 
additional network 50b is provided in the cir 
cuit 47 between the pick-up coil 46 and the am 
plifier 48. Under these circumstances, the net 
work 50b is arranged as a low pass filter net 
Work to cut off signals above the wanted range; 
and the network 50 is a high pass filter passing 
signals above the range of the Synchronizing 
signal. This latter arrangement is illustrated in 
the accompanying drawingS. 
The network 50b finds its best application 

under circumstances where the receiver is in 
stalled in a location which is electrically noisy. 
For example, in a number of locations high fre 
quency transients are picked up by the telephone 
line 44a from local sources, or are picked up at 
some intermediate point and relayed to the line 
44a; and the filter 50b serves to remove the com 
ponents of these transients which are deleterious to the picture. 
One half of the filter 5 may conveniently con 

sist of a band pass filter which passes the fre 
quencies generated by the phonic generators at 
the transmitter for the synchronizing signal. The 
second half of the filter 5 may consist of a filter 
or tuned circuit to pass Only the beat frequency 
Of these two generator frequencies. 

In this manner, the first section of the filter 
5 removes from the incoming signal all fre 
quencies except the comparatively narrow band 
utilized by the two synchronizing frequencies; 
and the second half of the filter 5 removes both 
of these two synchronizing frequencies and passes 
out only the resultant beat frequency, which is 
the frequency, which as previously described, it 
is desired to pass to the motors of the receiver. 

It is to be noted that by this arrangement of 
the generators and the filter networks 5 a fre 
quency suitable for running the receiving motors 
is passed from the transmitter to the output of 
the filter 5 without at any time having existed 
as an individual frequency prior to reaching the 
output of the filter 5. In other words, the elec 
trical arrangement we have described performs 
a function which would otherwise be carried out 
by an elaborate System of modulation and de 
modulation. Our device as is here described may 
be replaced by a System of modulation and de 
modulation, and in practice this has been done; 
the circuit we have described is however a pre 
ferred form as We have found that the results 
achieved are superior to those of modulation and 
demodulation. 
The output of the filter 50 is connected to the 

amplifier 52, which may be of any convenient 
form suitable to raise the level of the signal to 
the desired operating level. In order to check 
operation, this amplifier 52 may be provided with 
a volume indicator 54. The output of the ampli 

vanometer unit or light valve 59. A more de 
tailed description of one form of this galvanon 
eter unit which we have found suitable for op 
eration in accordance with our invention is illus 
trated in Figure 7 and described below. 
The galvanometer unit 59 converts the elec 

trical impulses carried to it from the amplifier 52 
through the leads 57 into variations of the in 
tensity of a spot of light. This spot is projected 
onto the surface of the cylinder a, which is 
adapted to receive a light sensitive photographic 
material. The cylinder a is enclosed in a light 
tight box or cover 60, which has an opening to 
allow the beam of light from the galvanometer 
unit 59 to strike the surface of the film. On the 
cylinder a. An arrangement for effecting this 
is shown in Figure 14. w 
The apparatus may also be provided with a Sec 

ond light-tight cover 6. Both these covers may 
be dispensed with if the machine is operated in a 
dark room, but when daylight operation is de 
sired, as is frequently the case, light-tight covers 
are provided. In the commercial form of the ap 
paratus which we employ, the box consisting of 
the cylinder fa and light-tight cover 60 is re 
movable from the machine; the cover 6 prevents 
extraneous light from entering through the open 
ing in the cover 60 when this opening is so ar 
ranged as to pass the light from the unit 59. 
Automatic means for controlling the opening of 
the shutter in the cover 60 are described in con 
nection with Figure 14, and an arrangement of 
the outer cover is shown in Figure 33. 
The galvanometer unit 59 is mounted on the 

slide 9d. This slide has a lateral travel similar 
to that of the slide 9 at the transmitter. Details 
of the slide meghanism, and the method in which 
the slide 9a travels under the influence of the 
lead screw 0d are given in connection with Fig 
ures 4, 5, and 6. 
The picture signals, originating in the photo 

electric cell at the transmitter, are thus passed 
through the system and filter networks into the 
galvanometer unit and there control the exposure 
of the photographic film. The second half of the 
requirement for successful facsimile transmis 
sion lies in the correct placing of the individual 
unit areas in Spatial relationship on the receiv 
ing surface. This may be accomplished by 
means of the Synchronizing signals sent out from 
the transmitter. 
These Synchronizing signals, as above de 

scribed, reach the filter 5?; and the output of the 
filter 5 is a signal whose frequency is a func 
tion of the speed of rotation of the transmitter. 
This signal is fed into the amplifier 55, which may 
conveniently be supplied with a volume indicator 
56 as a means of observing Operating conditions. 
The amplifier 55 may be of any suitable type 
which will supply the requisite output level for 
the operation of the Synchronizing motors. From 
the amplifier 55, the leads 58 carry the ampli 
fied signal to the motors 64 and 65, and also to the coil 66. 

at the frequency of the beat note of the two gen 
erators S and 2 of the transmitter. Due to 
their design, the motors 64 and 65 will run at a 
Synchronous Speed which is a function of that of 
the motor 7 on the transmitter, and will faith 
fully follow any variations in speed in the 
motor 7. 
The motor 64 is adapted to turn the lead 

These motors 64 and 65 may con 
veniently be Synchronous motors adapted to run 
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travel of the slide 9a carrying thereon the galva 
nometer unit 59.7/The motor 65 is adapted to 
rotate the cylinder fa, and the gearing between 
the motor 65 and the cylinder a bears the same 
relationship as that between the motor and 
the cylinder 2 does to their respective synchro 
nous speeds; that is, if both the motors 65 and 

7 run at the same speed, the gear ratio between 
the motor 65 and the cylinder a will be identi 
cal with that between the motor 7 and the cyl 
inder 2. It is thus seen that the two motors 
64 and 65, by controlling the rotation - of the 
cylinder la and the lateral travel of the unit 59 
in exact corresponding relationship to the rota 
tion of the cylinder 2 and the lateral travel of the 
light spot 39, fulfil the second half of the above 
mentioned requirement, in that they produce 
corresponding spatial relationship of the unit 
areas of the facsimile as compared to the Original 
subject to be transmitted. 
In connection with Figure 1, the contacts 26 

and 2 and the relay 22 have been described as 
a means for sending the synchronizing signals 
out to the line in such a way as to insure correct 
phasing relationship of the transmitting and re 
ceiving cylinders. We find it advantageous to 
have a mechanism on the receiving cylinder to 
coact with that at the transmitting station in 
order to compensate for the effect produced by 
certain line conditions encountered in practice. 
These line conditions may have a tendency to 
vary the amplitude of the first pulse received 
from the synchronizing signals, and hence to 
vary the pull-in time of the motors 64 and 65. 
A variation of the pull-in time of the motor 64 
is not of importance. Under certain circum 
stances we have found it entirely possible to run 
the motor 64 from a source of local power with 
out introducing objectionable distortion into the 
received facsimile. The pull-in time of the no 
tor 65 however, without the additional equip 
ment below referred to, has an effect on the phas 
ing of the two cylinders. To overcome this ob 
jection, we have therefore installed the trip de 
vice and relay 66. 
As above mentioned, the coil of the relay 66 is 

connected by means of the lead 58 in parallel 
with the motors 64 and 65 to the output of the 
amplifier 55. The relay is provided with an 
armature 7, latch 69, and contact 70. The cir 
cuit of the coil 66 is so arranged in conjunction 
With the contact 0 and armature 7 that When 
the relay is energized by the first pulse of the 
incoming synchronizing signal, the armature 
is drawn away from the contact 0 and the cir 
cuit of the coil 66 is thereby opened. The latch 
69 prevents the armature from again making 
contact at 70 until the relay is manually reset. 
At the same time as the armature is drawn 
away from the contact 70, the latch 68 is drawn 
from contact with the flywheel 67 on the shaft 
of the cylinder fa; thus allowing the cylinder a 
to rotate under the influence of the motor 65. 
As shown in Figure 31, the latch 68 and the latch 
69 may be mechanically combined into one piece 
of mechanism. 
The coil 66 of this relay is so designed as to 

operate on a given integrated current, and in 
this manner the mechanism serves to regulate 
the starting of the rotation of the cylinder a 
to a definite time value in regard to the starting 
synchronizing impulse. It will be noted that the 
circuit through the coil 66 is opened at the con 
tact 70 as soon as the rotation of the cylinder 

5 a commences; by this arrangement the load of 
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the relay coil is removed from the synchronizing 
circuit and the full power output of the ampli 
fier 55 is applied to the motors 6 and 65.. 
A suitable form of this trip mechanism and 

relay is shown in Figure 31. In this arrange 
ment, the latch 69 and the latch 68 are arranged 
at opposite ends of the same movable member 
f which is pivoted at the point 2; and the 

contact referred to in reference to Figure 2 as 
between the armature 7 and contact 70 is in this 
arrangement made between contact 70 and the 
contact f6 carried on the arm i? . The pro 
jection 69 on the arm f is arranged to cooper 
ate with the armature 7 in such a way that 
the armature 7 can only be in its left-hand posi 
tion when the arm f is in its clockwise posi 
tion. The left-hand position of the armature T 
and clockwise position of the arm are shown 
dotted. With the arm f in this position, the 
latch 68 engages a slot f4 in the flywheel 6 of 
the receiving cylinder and the circuit between 
the contact and the contact 6 is closed. 
The operation of the mechanism shown in 

Figure 31 is as follows. Upon energization of 
the coil 66, the armature is drawn from its 
left-hand position; thus from the dotted posi 
tion to the full line position. When it completes 
its travel, the end of the armature is passes to 
the right of the latch 69, and, under the influ 
ence of the Spring it, the arm is rotated in a 
counter-clockwise direction around the pin 2 
until the arm abuts the end of the armature 
f. When this arm reaches the limit of its 

travel, the contact between 6 and 7) is opened, 
the latch 68 is disengaged from the slot 4. 
and the latch 69 abuts the end of the armature 

, so that the mechanism can not return to its 
preoperated or left-hand position until the arm 

f is manually reset to allow the armature 7 
to clear the latch 69. It will be seen that this 
mechanical locking arrangement keeps the 
latches in their operated position in spite of the 
breaking of the current through the coil 66 due 
to the opening of the contacts 6 and 0. 
The slot 4 in the flywheel 67 may be lo 

cated at a definite angular position with respect 
to the junction of the film on cylinder a, so 
that when the motor 65 reaches its synchronous 
Speed the said junction on cylinder a will pass 
in front of a beam of light from the galva 
nometer unit 59 at the same instant as the junc 
tion of the original on the cylinder 2 passes 
before the Scanning spot 30. This angle has 
been determined empirically to be about 105 de 
grees of clock-wise rotation, and may be found 
to vary slightly with each installation as it is a 
function of individual motor performance. 

Figure 19 illustrates elements of the appa 
ratus previously described with reference to 
Figures 1 and 2. In Figure 19 the amplifiers 
and filters 34, 36, 24, 38 at the transmitter are 
shown diagrammatically mounted in panel form 
With a power supply unit P on a standard relay 
rack. Similarly the receiving amplifiers and fil 
ters 48, 50, 5, 52, 55 are shown mounted on a 
rack with a power supply Pa. 
The telephone line 44 is shown connected to 

the telephone exchange 9, whence the circuits 
20 lead to the receiving telephone exchange 

The circuit 20 may be of any suitable 
form, and may comprise repeater stations, car 
rier and phantom circuits, cable, open wire lines, 
and radio links, etc. In this circuit may also be 
included balancing networks, equalizers, and such 
other apparatus as is required for the correct 
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transmission of the signals from exchange 9 
to exchange 9a. Exchange 9a is connected 
to the receiving statoin by the circuit 44a. 
Figure 3 illustrates an elevation of the Scan 

ning mechanism shown in plan in Figure 1. A 
light source 4 projects light through the opening 
of the interrupter disc 7; light is also reflected 
onto the surface of this disc by the mirror 6. An 
elevation of one form of the interrupter disc 7 
is shown in Figure 15; wherein a plurality of 
openings 8 are shown arranged towards the 
outer edge of the disc. These openings are illus 
trated as slots, because it is preferable that a def 
inite relationship be established between the size 
of an opening f8 which passes in front of the 
light beam and the size of the aperture 78. The 
slotted arrangement of the openings shown in the 
disc 7 in the Figure 15 allows a control to be ex 
ercised of the size of opening passing through the 
optical beam, by means of a lateral adjustment 
of the position of the motor 8. On the plate 9 rel 
ative to the location of the lamp house 5. 
An optical system illustrated diagrammatically 

by the lenses 75 and 74 focus a spot of light at the 
point, 30 on the surface of the original to be trans 
mitted on the drum 2. This light is reflected, 
and the nonspecular reflection is intercepted by 
the surface of the photo-electric cell 3. By ar 
ranging the photo-electric cell so that is does not 
pick up specular reflection, gloSSy as Well as mat 
prints may be used as the original subject matter 
l, and thus the arrangement makes it possible 
to use various kinds of subject matter on the 
cylinder 2. 
A suitable type of photo-electric cell which 

may be used with this equipment is illustrated 
in Figure 36. This cell is of the type known as a 
barrier layer cell, and is a self-generating light 
operated source of electricity. The essential parts 
of this cell are shown in Figure 36, wherein the 
light sensitive surface 6 is shown on the plate 
f69 held in the housing 68 by the spring 62. 
Leads 32 from the front and back of the cell carry 
the cell output to the transformer 67 which may 
be conveniently a part of the amplifier 34, or 
which may be a repeat coil located at any con 
venient position. In order to secure the non 
specular reflection above referred to, the cell is 
mounted over the end of the optical system. In 
Figure 36, a suitable position of the optical sys 
tem mounting tube is illustrated at 64. 
The interrupter disc 7 is driven at any desired 

speed by the motor 8; the Speed of the disc 7 and 
the number of openings if 8 therein controlling 
the frequency Of the picture Signal. A friction 
drive mechanism which may be used for securing 
any desired speed of rotation of the interrupter 
disc 7 is shown in Figure 38, wherein the motor 
8 is provided with a friction disc 78 which may 
be provided with a leather facing fT3 if desired, 
and which, engages a member 77 on the shaft 
75 mounted in the bearings 76. The interrup 

ter disc l is fastened to the shaft 75, and the 
speed of the disc is controlled by the relative lo 

5 cation of the member 77 with respect to the axis 
in the motor 8 by adjusting the position of the 
member 77 on the shaft 75. A set screw may be 
provided for locking the member 77 in its desired 
location. 

Referring again to Figure 3, the motor 8, and 
the light housing 5, are mounted upon the base 
9. This base 9 is similar in construction to the 
base 9d described in relation to Figures. 4, 5, and 
and 6; the base 9 travels in a direction at right 
angles to the path of the beam of light on steel 

9 
balls 76 over the fixed plate TT. To insure cor 
rect movement of the plate 9 with reference to 
the base 77, these balls may travel in grooves, 
preferably V-shaped, which may be cut into both 
the plate 9 and the base 77. 
The lateral travel of the plate 9 and Scanning 

mechanism mounted thereon is controlled by 
means of a lead screw, which is similar to that 
shown in connection with Figures 4, 5, and 6; ex 
cept that the lead Screw on the transmitter may 
be driven by gearing from the motor and 
not by an individual motor as shown in connec 
tion With the receiver. 
A diaphragm 78 in the path of the light beam 

adjacent to the lens 74 controls the size of the 
Spot of light 30 on the surface . The optical 
System shown is of a conventional type for this 
class of work, 

Figures 4, 5, and 6 show three views of the slide 
mechanism. These views relate specifically to the 
receiving structure, but these are identical with 
the mechanism used for the transmitting struc 
ture with the exception of the method of driv 
ing the lead screw as above described, and for the 
fact that the direction of rotation of the trans 
mitting and receiving lead Screws may be reversed 
With respect to their respective cylinders. 
This change in direction of rotation is utilized 

when a photographic negative of the original 
subject is being reproduced at the receiving sta 
tion. If a photographic positive is to be repro 
duced then the relative directions of rotation of 
the lead screws with respect to their individual 
cylinders may be the same. Due to the optical 
reversal of image on a photographic negative 
however, the arrangement above mentioned of 
reversing the direction of relative travel and 
consequent hand of the Scanning Spiral is used 
to secure this optical reversal; and under these 
circumstances, if both cylinders are rotated in 
the same direction, and both lead screws have 
the same hand of thread, the direction of rota 
tion of one lead screw should be opposite to that 
of the other lead Screw. 

in Figures 4, 5, and 6, the plate 9a travels in 
a lateral direction over the base 77a. The slide 
9d is provided with grooves 79, and the base Tla. 
With grooves 80. In these grooves, and coacting 
with them are the balls. 6d; these balls provide a 
means for sliding the plate 9a over the base TTa, 
and for causing its travel to be confined to the de 
sired straight line direction. 

In order to prevent the plate 9a from overrid 
ing the grooves, we may provide an arm 8, to 
which is hinged a second arm 82. The two arms 
are held together by means of a screw 84, and the 
arm 82 may be provided with a roller 85 which 
rides on the undersurface of the base Ta. If de 
sired, this roller 85 may be equipped with a rub 
ber bushing to absorb any inequalities in travel; 
and similarly the screw 84 may be provided with 
a spring for the same purpose. - 
The lateral travel of the slide 9a, over the base 

Ta is controlled by means of the lead screw fod, 
which is in this illustration driven by the motor 
64. The plate 9a may have a hinged block 86 
fastened thereto, which bears on its lower surface 
a knife edge 79 adapted to cooperate with the 
threads of the lead screw Oa. By means of 
the knob 87, the block 86 may be raised from 
contact with the threads of the lead Screw Od. 
to allow the plate 9a to be manually moved 
into any desired position. By means of this 
manual movement, the plate 9a may be moved to 
the correct starting position for the communce 
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ment of a picture, or the plate 9 can be moved 
to allow the scansion of any desired spot of the 
surface . 

Figures 39 and 40 illustrate a convenient form 
of mounting which may be used for the block 86 
by which the above operations can be carried 
out. The block 86 may be recessed to take pins 
80 mounted in supports 8, said supports being 

carried upon the plate 9a. The knob 8 may be 
provided with a shaft 82 passing through the 
block 86, the end of said shaft 82 being equipped 
with a flattened portion 84 coacting with the 
fixed portion . 85 fastened to the face of the 
plate 9a. 
The block 86 may be provided with a knife edge 

projection f79, of such a shape and set at such 
an angle as to be adapted to engage a lead screw 
thread when the block is in its lower position. 
Rotation of the knob 8, and therewith of the 
shaft f82, causes the portion f34 of the shaft 
82 to engage the stop f 85 to cause the block 86 
to hinge upwardly around the pivots 80; this 
movement of the block 86 thus withdraws the 
knife edge f9 from contact with the screw thread 
of the lead screw, and the plate 9a is free to move 
in a lateral direction. During the period of 
engagement of the knife edge 79 with the lead 
screw, adequate pressure is maintained to secure 
uniform travel by means of the spring 65, which 
tends to press the block 86 downwardly, and thus 
press the knife, edge T9 into a groove of the 
threads of the lead screw Oa. 

Figure 7 shows a skeletonized view of the re 
ceiving galvanometer unit or light valve 59 mount 
ed upon the plate 9a. In this example, a light 
source 4a passes a beam of light 88 through the 
lens 89 and the aperture plate 90. This beam is 
focused by the lens 9 and the reversing prism 
92 onto the surface of the oscillograph mirror 
94; and thence through the aperture plate 95 and 
lens 96 to the surface of the receiving film. The 
optical system may be so arranged that the aper 
ture plate 95 serves as a diaphragm or stop for 
the lens 96 and thus serves to control the amount 
of light passed to this lens; the lens 96, in con 
junction with the lens 91, may be adapted to focus 
the aperture 90 onto the surface of the receiving 
film. 
The mirror 94 may be caused to Oscillate in a 

horizontal plane under the control of the received 
electric current brought by the leads 57 from the 
amplifier 52. For each half rycle of the picture 
signal, this movement of the mirror 94 may cause 
the beam of light 88 to travel more or less 
through one or the other of the openings in the 
aperture plate 95; thus the exposure on the photo 
graphic Surface takes the form of a succession of 
images of the opening in the aperture plate 90, 
the intensity of each exposure being controlled by 
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the angular displacement of the beam 88 under 
the action of the mirror 94, controlled by the 
incoming picture signal strength. 
As previously described, the aperture plate 95, 

shown in greater detail in Figure 9, being pro 
vided with two apertures 97 and 98, passes il 
lumination through one or the other of these 
openings for each half cycle of the incoming sig 
nal Wave. For example, with no signal applied 
to the Oscillograph element, the mirror 94 is sta 
tionary and the beam of light is intercepted by 
the opaque portion between the openings 97 and 
98, so that there is no exposure on the photo 
graphic film. A positive signal applied to the 
Oscillograph element causes the mirror to pass 
light through, say, the aperture 97, the amount 
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of lateral displacement of the beam 88 and there 
fore the amount of light passed through the 
opening 97 being governed by the strength of the 
signal applied to the oscillograph element. Con 
versely, under similar circumstances, the strength 
of a negative impulse to the Oscillograph element. 
regulates the garraount of light passed through 
the opening 33. Thus with an alternating cur 
rent signai applied to the Oscillograph element, 
the mirror 94 will oscillate in both directions from 
its central position, and light will be passed alter 
nately through each of the openings 9 and 98 
in the aperture plate 95; and each half cycle of 
these alternations will be represented on the pho 
tographic surface by an exposure corresponding in 
shape to that of the aperture 90 and corresponding 
in intensity to the amount of lateral displace 
ment of the beam 83 under the action of the 
mirror 94, controlled by the signal. 
As an alternative to the above arrangement 

where the beam of light 88 from the mirror 94 is 
completely obstructed by the opaque portion of 
the aperture plate 95 between the openings 97 
and 98, it may be advisable under certain cir 
cumstances to so adjust the system that the 
spot of light striking this opaque portion is slightly 
larger than this opaque portion of the aperture 
plate, so that a very Small amount of light is 
permitted to pass through each of the apertures 
97 and 98 under conditions of no signal on the 
oscillograph element. This may be done to over 
come the photographic inertia inherent in all 
types of photographic film, So that slight varia 
tions of signal intensity from the no signal level 
will be registered on the photographic film after 
development, as variations of intensity. 
The opening 99 in the aperture plate 90 may 

be of any desired shape. This opening 99 con 
trols the size and shape of the unit area exposed 
on the photographic Surface; and due to the 
movement of this photographic surface during 
exposure, the shape of the area exposed will be 
an elongated form of the shape of the opening 99. 
In Figure 16 is shown an enlarged view of a sec 
tion of a photographic film which may be pro 
duced by an opening in the form of a rhombus. 
it will be noted that each section of the mosaic 
of Figure 16 is represented by a hexagonal figure; 
the length of the two extra sides of the figure 
being proportional to the relationship between 
time of exposure and speed of travel of the pho 
tographic surface. While Figure 16 represents 
One form of mosaic pattern, it is to be understood 
that there are many forms suitable for the re 
production of the facsimile, and that these are 
controlled in part by the shape of the opening 99 
in the aperture plate 90. Each of the areas in 
the mosaic of Figure 16 will have a tone value 
Corresponding to the tone value of the elemental 
area under Scansion at the transmitter in cor 
responding spatial relationship. 
While We have used and described metallic 

plates for the aperture plates 90 and 95 provided 
with openings therein 97, 98, and 99, it is to be 
understood that these plates may be replaced by 
any other arrangement which will perform the 
same function. For example, they may be made 
of glass with opaque portions painted on the sur 
face thereof, or they may be photographically 
prepared. Also, in these alternatives, the opaque 
portions may be of varying density if desired, as 
for example for softening the edges of the ouen 
ing 99 and thus rendering the mosaic of Figure 16 
less apparent. The term opening as applied in 
this connection therefore refers to a portion of 
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the aperture plate which is wholly or partially 
open to the passage of light. 

Figure 14 shows a skeleton view of an arrange 
ment of the galvanometer unit or light valve 59 
with respect to the receiving cylinder a and its 
light-tight cover 60. This light-tight cover 60 
may be provided with an opening 2 which is 
normally closed by a shutter 22. This shutter 
is provided with a rack mechanism 24 adapted 
to be operated by pinions 25 on the shaft 26. 
This shaft 26 is partially rotated by the crank 
27 by means of the slidable member 28. This 

slidable member 28 may project from the front 
of the box 60 and thus be adapted to be operated 
by the main light-tight cover of the receiving 
machine. The closing of the main light-tight 
cover slides the member 28 and operates the 
crank 27 to lower the shutter 22 and open the 
slot f2. The opening of the slot 2 allows light 
from the lens 96 of the optical unit 59 to impinge 
upon the surface fa, and the lateral travel of 
the unit 59 and plate 9a exposes the area of the 
rotating surface fa in the form of a helical path. 
Fogging of the sensitive surface is prevented by 
the closing of the shutter f22, obstructing the slot 
12, automatically on the opening of the main 
cover and release of the member 28, allowing the 
shaft 26 to rotate and close the shutter under the influence of the spring 29. 
The main cover may be of any suitable form 

which will render the mechanism light-tight for 
purpose of daylight operation, when such opera 
tion is required. One such form of cover is illus 
trated in Figure 33, which is an end view of the 
apparatus showing the location of the plate 9a, 
the base TTa, the light-tight box 60 and slide 28. 
In this illustration, the cover 6 is provided with 
a fixed portion 30 and a hinged portion 3 which 
closes down over a flange 32 to render the whole 
mechanism light-tight. The front of the hinged 
portion 3 may be adapted to strike the slide 
28 after the side of part 3 of the cover has 

passed the flange 32, so that a light seal of the 
internai mechanism is already in existence When 
the shutter 22 opens the slot 2 under the 
action of the slide 28. A handle f33 may be 
arranged for the convenient opening of the part 
3. 
The receiving box may be entirely removed 

from the machine for the purpose of carrying 
into a dark room for loading and unloading the 
photographic film. A suitable arrangement of 
apparatus which allows for this to be effected is 
illustrated in Figure 34, which shows the complete 
film box mechanism mounted on supports 59 
and f60. On other facsimile machines, which 
have removable film boxes, difficulty has been 
experienced in securing a good mechanical joint 
between the gear drive mechanism and the cylin 
der; as this mechanical joint is prone to wear 
with constant usage. For this reason, the mech 
anism shown in Figure 34 is so arranged that the 
motor driving the receiving cylinder is an integral 
part of the removable box. This construction is 
facilitated by the use of the two separate motors 
64 and 65 for performing the two rotational move 
ments required for the receiving mechanism. 
The necessary electrical connections for driving 
the motor 65, which motor is shown dotted in Fig 
lure 34, may be made by means of the spring con 
tacts 57 and 58; the latter may be fastened to 
the insulating block 55 and connected to the 
leads 58. 

In this figure, the light-tight cover 60 is illus 

1. 
starting mechanism 66 is shown under its cover 
54. The whole unit is lifted off the supports 59 

and is for removal of the portable box; said 
supports 59 and 60 being provided with locating 
flanges for the correct location of the portable 
box with respect to the galvanometer unit 59 and 
the slide 9a, when the box is in its place in the 
receiving machine. 
The receiving photographic film and the origi 

nal subject to be transmitted, may be held on 
their respective cylinders by similar mechanisms. 
Figure 20 shows a section of a transmitting cylin 
der wherein a print is held on a cylinder 2 by 
means of clamps 34 and 35, each of these two 
clamps cooperating with an edge of the print to 
hold it firmly in place. The clamps 34 and 35 
may be held tightly down clamping the edge of 
print onto the surface of cylinder 2, by means 
of springs 36 which may be located on shaft 37. 
The ends of clamps 34 and 35 may project be 
yond the ends of the cylinder 2, and may be ar 
ranged to overhang the cylinder boss 38 as 
shown on Figure 2. By means of this arrange 
ment, a loading tool 39 may be arranged for 
raising the clamps f34 and 35 alternately to 
allow the insertion of print on cylinder 2. This 
is shown diagrammatically in Figure 22, wherein 
clamp 35 is being raised by a loading tool 39. 
The end member 40 of the loading tool may be 
so shaped that, while the clamp 35 is being 
raised, the loading tool 39 may be resting upon 
clamp 34 and using the point of contact as a 
fulcrum for the raising of clamp 35. This ad 
ditional pressure on clamp 34 while clamp 35 is 
being raised prevents the opposite end of the 
print from sliding out from under clamp 34 
while the print f is being drawn taut around the 
cylinder 2. In a similar manner, by reversing 
the loading tool 39, clamp 35 may be pressed 
down while clamp f34 is raised. 
The method of loading a film on the receiving 

cylinder may be similar to the above. In the 
dark room cover 60 may be raised and a loading 
tool 39 inserted so as to raise one of the cylin 
der clamps. One end of the film may be inserted 
under the clamp, and the film may then be 
wrapped around the cylinder. The loading mem 
ber 39 may be reversed so as to raise the other 
clamp, and the free end of the film slipped under 
the second clamp. Removal of the loading handle 
then leaves the film tightly wrapped around the 
cylinder and held by the clamps at each end. 
Where it may be desired to couple the facsim 

ille apparatus to a telephone line without physical 
connection thereto, coupling coils 4 and 46 may 
be employed. Figure 17 illustrates a preferred 
form for coupling of a transmitter to a telephone 
circuit by means of a coil 4 and a Subscriber's 
bell box 42. Coil 4 is shown mounted above box 
42, in such a manner that the magnetic lines of 
force of the coil interact with the telephone in 
duction coil within the box in Order to induce 
corresponding currents into the induction coil 
and thereby into the telephone line. In other 
words, the coil 4 forms the primary of a trans 
former whose secondary is the induction coil 
within the telephone box 42. 
As shown in Figure 18, a preferred form of the 

coil 4 comprises two sections of inductance, 45 
and 46, across which are two condensers 42 
and 44. The coil may be coupled to the remain 
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der of the apparatus by means of the leads 4; 
and as shown in Figure 17, for convenience in 
mechanical mounting these condensers 42 and 
44 may be placed within the coil. Also for con 
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venience in manufacture, the coils 45 and 46 
may be wound separately and mounted together 

O 

5 

with the condensers 42 and f44 to form the unit 
4. This arrangement of two coils and two con 
densers is purely a manufacturing design, and 
Our coupling arrangement is not limited to the 
particular construction shown. Also, while the 
position shown for the coil 4 with reference to 
the box 42 is one which we normally employ, our 
coupling arrangement is not limited to this par 
ticular location. It has been found that the opti. 
mum coupling position for the coil 4 varies with 
the type of telephone subscriber's bell box used 
the position shown is one suitable for use with 
box Type 684-A supplied as standard equipment 
on circuits of the American Telephone and Tele 
graph Company. 
A similar coil to that shown in Figure 17 may 

be used for picking up the signals from the tele 
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phone line, or the pick-up coil may be of any 
other suitable type, Such as a single untuned 
Coil. The function performed is similar to that 
at the transmitting station, except that the tele 
phone induction coil becomes the primary of a 
transformer of which the pick-up coil is the sec 
ondary. Figure 23 shows a pick-up coil 46, of the 
single untuned type which has been found satis 
factory for this service, coacting with a telephone 
subscriber's bell box 4.2a for the purpose of pick 
ing signals from the telephone line and transfer 
ring them by the leads $7 to the receiving ampli 
fiers. In a similar manner to the arrangement 
of the transmitting coil, the receiving coil may 
be, placed in any suitable position in relation to 
the box 322; Figure 23 illustrates a suitable posi 
tion for use with the above mentioned Type 684-A 
telephone box. t 
Where transmitting and receiving machines 

are installed in the same location, it is convenient 
to have both transmitting and receiving transfer 
coils arranged in permanent location ready for 
use as and when desired. Figure 24 shows such 
an arrangement, where coils 4 and 46 are ar 
ranged in juxtaposition to a telephone box 4.2b, 
whose induction coil is shown dotted at 4. This 
arrangement allows a single telephone line to be 
used for either transmission or reception of fac 
similes; and it also provides a convenient coupling 
means for testing facsimile terminal equipment. 
Under the circumstances of such a test, coil 4 
acts as the primary of a transformer whose core 
is that of induction coil 4, and pick-up coil 46 
acts as the Secondary of this transformer. As 
above described, many alternative positions for 
coils 4 and 46 may be employed than the posi 
tions shown in this Figure 24; the sole require 
ments being that at the transmitting station suf 
ficient current shall be induced into the line for 
the correct working of the system, and at the 
receiving station a sufficiently high level signal 
shall be picked up to enable the receiving ampli 
fiers to amplify this signal without detrimental 
effects due to a poor signal-to-noise ratio. 
A Suitable arrangement of transmitting and re 

ceiving mechanisms where both are installed at 
One station is illustrated in Figure 37. In addi 
tion to the transfer coils coacting with the tele 
phone box 42 above mentioned, this figure illus 
trates a transmitting machine 72 and a receiv 
ing machine 74 which may be mounted on either 
side of a frame 70, which frame 70 may con 
veniently be adapted to carry the amplifying and 
filter units 48, 50, 5, 52, 55, 34, 36, 24, and 38, 
in addition to the power supply units Pa and P. 
An additional panel T on this frame TO may 

2,164,088 
provide a suitable location for a switching mech 
anism whereby either transmitter 72 or receiver 
74 or both may be energized for the purpose 

of transmitting, receiving, or testing. When only 
one coil is used in cooperation with box 42, the 
Switching mechanism on panel 7 may be ar 
ranged to switch this coil to transmitter - or re 
ceiver as may be required, and this may be per 
formed by the same switching operation as that 
which controls the energization of the equip 
ment, so that one operation both energizes the 
apparatus and sets up the correct coupling con 
ditions. 

Figures 27, 28, 29, and 30 illustrate, by means 
of curves, the electrical functions of the various 
parts of the equipment. The over-all transmis 
sion characteristic is governed by the tuning of 
the coil 4 as previously described; and this trans 
mission characteristic is therefore illustrated by 
the curve of Figure 28. It will be noted that this 
curve is not a flat curve, but may be peaked at 
appropriate points to concentrate the energy 
transfer to those portions of the frequency spec 
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trun in which the various frequencies which may 
be utilized are located. 
In Figure 27, the vertical lines 48 and 49 

may represent two synchronizing frequencies, say 
540 and 600 cycles per second. Wertical line 50 
may represent a picture frequency, say 1800 cycles 
per second. The curve 5 may represent a 
transmission band utilized for transmission of 
synchronizing signals, and curve 52 may repre 
sent a transmission band utilized for picture sig 
inals. 
In Figure 29 curve 5 a may represent a char 

acteristic of a band pass section of the filter 5, 
and curve 52a may represent a high pass char 
acteristic of filter 50 and also of filter 36. A low 
pass section of filter 5 for abstracting a beat 
frequency from its components may be shown by 
curve f33 in Figure 30; and in the same figure 
curve 52b may show a characteristic of filter 
50b. The curve 54 may show the characteris 
tics of filter 24 in a synchronizing circuit. 

Figures 27, 28, 29, and 30 are arranged one 
above the other with their frequency axes in ver 
tical coordination in order that the various curves 
illustrated may be compared and their perform 
ance in the system readily understood. 

Figure 35 shows a simplified schematic ar 
rangement of one form of the facsimile system 
according to our invention. The individual parts 
of apparatus and electrical circuits have been 
appropriately designated on the figure; and also 
the frequencies which may be utilized in the in 
dividual parts of the circuit are indicated in the 
figure. It is to be understood however that this 
particular arrangement of parts, and the partic 
ular choice of frequencies specified, is herein 
given by Way of example Only and as a means 
of clearly illustrating the working of the system. 
Without in any manner circumscribing the 

above disclosure, our invention may be summar 
ized for purposes of clarification as follows: 
This invention has been described in relation 

to a method of facsimile transmission and re 
production; wherein a scanning system passes 
light inpulses of varying intensity from a suc 
cession of unit areas of an original subject to 
be reproduced to a photo-electric cell; and said 
light impulses are thus caused to control electric 
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currents in Such a manner as to produce signals 
capable of transmission in voice frequency bands 
by existing communication channels, either by 
wire or by radio. Methods are described for the 75 
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adequate transmission of picture signals and syn 
chronizing and starting signals to be handled in 
the same voice frequency band, and means are 
described for separating the individual signals 
and causing each to perform its individual func 
tion at a receiving station, and for the reproduc 
tion of a facsimile of the Original subject at said 
receiving station. A method is further described 
of eliminating the necessity for modulating a car 
rier Wave; and also for obtaining and utilizing 
a full Wave signal for the transmission and re 
production of a facsimile, and a method is dis 
closed of obtaining a synchronizing signal from 
the separate frequencies sent from transmitter to 
receiver. In cases where such connection may 
be necessary, suitable equipment is disclosed for 
coupling inductively to standard telephone cir 
cuits, and for producing an Overall transmission 
characteristic which has suitable parameters for 
the purposes of this invention. Novel features 
of many parts of a facsimile system are dis 
closed. 
Apparatus for carrying the above methods into 

effect is described in detail so that the invention 
may be carried out; the apparatus so described 
illustrates one form of the invention and is not 
limitative thereof. 
While we have described and illustrated One 

example of our invention, many changes in form 
may be made without departing from the broad 
basis of the invention. For example, the phonic 
synchronizing generators may be replaced by 
many other forms of generators, as for instance 
by a photo-electric cell or photo-electric cells 
adapted to be exposed to light impulses of the 
required frequency, and if desired this may be 
performed in conjunction with the interrupter 
and the photo-electric cell 3, or by a separate 
optical system and photo-electric arrangement. 
Therefore the appended claims are not in any 

manner limited to the exact forms of apparatus 
shown, but are directed to the novel features of 
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the invention in their broadest Sense. 
The Federal Communications Commission has 

issued certain rulings relating to the transmis 
sion of pictures and facsimiles over telephone 
circuits; and, as has been previously stated, the 
apparatus herein disclosed complies with the Or 
diers of the Commission. These orders state that 
the coupling between the picture apparatus and 
the telephone line shall be accomplished "with 
out physical connection'; this has been inter 
preted to mean that the signal transfer between 
the picture apparatus and the telephone line shall 
take place without any conductive connection, 
such as would be occasioned by the use of a repeat 
coil or ordinary transformer. Satisfactory forms 
of coupling may be, according to the Commission, 
acoustic, inductive, or any other type of coul 
pling not involving physical connection of any 
circuit of the picture apparatus with any circuit 
of the telephone apparatus. The type of cou 
pling herein described meets these requirements 
in all respects, and in the appended claims We 
have referred to this type of coupling (which con 
sists of a separate inductive member forming 
part of the picture transmission apparatus and 
cooperating with another inductive member 
which itself forms part of the telephone appa 
ratus normally supplied in a subscriber's station) 
as an "indirect' coupling; and the facsimile appa 
ratus is, in this manner, "indirectly' coupled to 
the telephone. 
Since the method of signal transfer from the 

TS picture apparatus to the telephone line embodies 
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the use of a separate coupling unit, it is obvious 
that the portable features of the apparatus are 
enhanced by the possibility of using the appa 
ratus from any telephone station, such station be 
ing known in the art as a "subscriber's station'. 
All that is required, according to this invention, 
for placing the facsimile Or picture signal On the 
telephone line, is to place the coupling unit in 
juxtaposition with the appropriate part of the 
terminal apparatus at the Subscriber's station, 
and thereby provide a path for energy transfer 
which will cause signals to be induced in the 
telephone line corresponding to the signals in the 
coupling unit. 
Therefore, where in the specification and ap 

pended claims We have referred to "terminal tele 
phone apparatus' it is to be understood that we 
refer to the telephone apparatus normally emi 
ployed or installed in a subscriber's station; that 
is to say, the transmitter, receiver, hand-set, 
bell-box, desk-stand, wall-mounting, or other 
apparatus normally or usually installed on a sub 
scriber's premises for telephonic communication. 
The term does not apply to the equipment utilized 
in telephone exchanges, carrier Systems, repeater 
stations, or other points remote from the sub 
Scriber's premises, except where such apparatus 
is the same or similar to that installed at the sub 
Scriber's premises. 

Having now described our invention, we claim: 
1. The method of picture transmission charac 

terized by: Scanning a succession of elemental 
areas of a picture or the like which is to be 
reproduced and thereby producing a succession 
of impulses each of which corresponds to one of 
said elemental areas, producing a constant fre 
quency picture signal therefrom, simultaneously 
producing signals of two other synchronizing 
frequencies, and transmitting these three signals 
Over One channel to a receiving station for the 
reproduction of a facsimile of the original subject, 
under control of the picture signal and a com 
posite signal produced by the beat between the 
two said Synchronizing frequencies. 

2. Apparatus pertaining to a picture transmis 
Sion System comprising: a Source of light, an in 
terrupter, a photo-electric cell, means to cause 
Said light and Said photo-electric cell to scan 
the surface of an original Subject to be trans 
mitted, an amplifier, an alternating current gen 
erator operated by said Scanning means produc 
ing an electric current of a frequency distinct 
from that produced by Said interrupter, a second 
alternating current generator similarly operated 
producing an electric current of another distinct 
frequency, means to transmit signals to a receiv 
ing station, an amplifier, means to segregate pic 
ture and Synchronizing signals, means to extract 
a frequency which is the difference of the said 
distinct Synchronizing frequencies, and means 
under control of the picture frequency and the 
beat note thus produced to reproduce a replica of 
the original subject. 

3. In an electrical System, means for segregat 
ing a beat note from two components of a compos 
ite signal having at least three components com 
prising: an electric wave filter selective to the 
two said components, a Second wave filter selec 
tive to the beat note, and means for passing a sig 
nal therethrough. 

4. In a picture transmission System, means to 
create a facsimile of an original subject being 
transmitted by exposing a Sequence of like areas 
of uniform size on a light Sensitive surface com 
prising: a source of light, an aperture, a gal 
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14 vanometer unit, a second aperture having two 
openings therein, and an optical system whereby 
the uniform dimensions of each area exposed 
are related to the dimensions of the single aper 
ture, and the intensity of the exposure of each 
area is proportional to the angular displacement 
of the light beam with respect to one of the open 
ings in the double aperture. 

5. In a picture transmission system, means to 
control the phasing of a sending and receiving 
cylinder comprising: relay means operated under 
control of the transmitting cylinder to close a 
circuit at the transmitter, thereby starting the 
transmission of a continuous Synchronizing Wave, 
and means at the receiver for starting the receiv 
ing motor adapted to be driven under control of 
said continuous Synchronous Wave and starting 
said mechanism in accordance with the action of 
Said relay at the transmitter, and continuing to 
drive said receiving motor under control of said 
continuous synchronizing wave transmitted from 
the transmitting to the receiving station. 

6. The method of transmitting a picture or 
facsimile Over an audio-frequency channel char 
acterized by the production of a succession of 
impulses at a predetermined frequency, each im 
pulse corresponding in amplitude to the tonal 
value of an elemental area of the Original Subject 
to be transmitted; simultaneously producing two 
audio-frequency Synchronizing signals, both of a 
distinct frequency and separate from the picture 
signal frequency; transmitting said signals and 
Synthesizing a replica of the original Subject un 
der control of Said first signal for tonal intensity 
and of the combination of said synchronizing 
frequencies for the control of location of picture 
signals with respect to one another and with re 
spect to the borders of the picture or facsimile 
being reproduced. 

7. A picture transmission System comprising: 
a picture to be transmitted, a drum carrying said 
picture, means for rotating said drum; a source 
of light, an optical system, an interrupter, a 
photo cell, means to scan the picture in a helical 
path with a spot of light from said optical system 
which is adapted to be reflected to said photo 
cell; a plurality of phonic wheel generators; 
means to amplify the electrical output of said 
photo cell and to remove therefrom Spurious un 
Wanted signals; means to apply a combined sig 
nal of the picture frequency and the tWO phonic 
wheel frequencies to a communication channel; 
means to receive said complex signal and segre 
gate it into its component frequencies; means to 
apply, the received picture signals to control a 
recording upon said Surface; a drum carrying 
Said surface, and means controlled by the signals 
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from said phonic generators for starting and 
rotating said drum and for causing the recording 
means to trace a corresponding helical path over 
said receiving surface. 

8. In an electro-optical system for the record 
ing of a succession of tone values on a photo 
graphic surface corresponding to the instanta 
neous intensities of an electric current, the meth 
od of recording which comprises controlling the 
size of each of the recorded areas by one aper 
ture and the intensity of exposure of alternate 
areas in succession by the angular displacement 
of light alternately with respect to each of two 
openings in a second aperture. 

9. In a picture transmission System, a coupling 
unit for transferring picture and Synchronizing 
signals to a telephone line through indirect induct 
tive coupling to the apparatus on said line Com 

2,164,088 
prising: an inductance in a plurality of sections, 
and capacitative means to tune at least one of 
Said sections. 

10. In a picture transmission system having a 
sending station and a receiving station, and a 
telephonic communication channel provided with 
terminal apparatus connecting said sending sta 
tion to said receiving station, the method of 
transmitting a picture which comprises: pro 
ducing a train of picture signals at a predeter 
mined frequency, the intensity of which corre 
Sponds to the tone value of an original subject, 
amplifying said signals, applying said amplified 
signals td a coupling unit tuned to respond to 
the frequency band occupied by said signals, and 
applying Said Signals to said telephone apparatus 
indirectly through the agency of said coupling 
unit and an inductive winding of said apparatus 
cooperating as a tuned transformer. 

11. In combination, a communication channel, 
terminal telephone apparatus thereon including 
an inductive member, means to use said terminal 
apparatus for normal voice communication, a 
facsimile transmitter, an inductive member con 
nected thereto, means to establish a common path 
of inductive flux between said members, and 
means to utilize said terminal apparatus for indi 
rectly imposing a facsimile signal on said com 
munication channel. 

12. In a System for transmitting picture sig 
nals over a telephone line having terminal tele 
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phone apparatus thereon including a member , 
Susceptible of influence by external fields, an 
Original subject, means to scan said subject, 
means to produce sicture signals corresponding 
individually to the pictorial tone values of unit 
areas of said subject, means to produce syn 
chronizing signals, a coupling device tuned for 
maximum energy transfer in the frequency bands 
occupied by Said signals, an electro-magnetic 
field external to said device, means to cause this 
field to control the Susceptible member of said 
telephone apparatus for indirectly producing cor 
responding signals in said telephone line, and 
means for receiving said signals and producing 
a facsimile therefron. 

13. In a facsimile System having a sending sta 
tion and a receiving station connected by a tele 
phonic communication channel, the method of 
producing a replica of an Original subject at the 
transmitting station which comprises: produc 
ing signals at the transmitting station corre 
sponding to the shadings of individual unit areas 
of said original subject and Synchronizing signals 
corresponding to the Speed of scansion of said 
subject, amplifying Said signals, and applying 
both amplified signals together to an inductive 
unit disposed to interact indirectly with an in 
ductive unit forming part of the terminal equip 
ment provided on said channel; at the receiving 
station receiving said signals from said channel 
and Synthesizing a replica of the original sub 
ject in accordance with said signals. 

14. In a system for the transmission of fac 
similes by telephone, the method of transferring 
Signals representing the tone values of individual 
unit areas of a subject being scanned to a tele 
phone line by indirect inductive coupling which 
comprises: producing a succession of such tone 
Signals at a predetermined rate of . Succession, 
amplifying said signals, and inductively applying 
them to terminal telephonic equipment on said 
telephone line through the agency of an inductive 
relationship between a coupling unit tuned selec 
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quency band of the signals and an inductive wind 
ing of said terminal telephonic equipment. 

15. In a facsimile receiver adapted to be oper 
ated by incoming signals of three frequencies, a 
wave-selective system comprising: means to select 
one of said frequencies, means to select the other 
two frequencies in combination, means to select 
the beat frequency of the latter two frequencies, 
and means to apply the incoming signals to the 
first two means in parallel, and to the third means 
through the second means. 

16. In loading a sheet on a cylinder in a pic 
ture machine, the method of securing a taut 
mounting which comprises inserting one end of 
the sheet under a holding edge, and exerting 
greater pressure than normal on this edge to pre 
vent slippage while tensioning the sheet and se 
curing the other end under another holding edge. 

5 
17. In a picture receiver for the reproduction 

of a facsimile on a light-sensitive surface, a plu 
rality of light-tight covers, means for Opening 
one cover when a second is closed, and means for 
closing the first when the second is opened, so that 
the light-sensitive surface is protected from stray 
illumination in the operation of the device. 

18. In a facsimile receiver for the reproduction 
of a picture on a light-sensitive surface, an in 
ternal cover over said light-sensitive surface hay 
ing a normally closed recording slot therein, an 

- external cover over said internal cover, and means 
for opening said recording slot in the internal 
cover when the external cover is closed, and for 
closing said slot when the external cover is 
opened. 

MANARD O. McARAN 
OMUNOB, BANSN. 
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