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This invention relates to a communication sys 
tem, and in particular to facsimile transmission 
Systems and the like. 
The principal object of my invention is to pro 

5. Wide a simple and highly satisfactory system for 
the transmission of graphic material such as 
pictures, Writing, printing, documents and the 
like over various types of communication Systems. 
Another object is to provide a facsimile System 

10 characterized by simplicity and low cost, that 
shall be inexpensive and easy to operate and to 
keep in order, and free from complications in 
its operation. 

It is also an object of this invention to provide 
15 improved systems of this character adapted to 

record and reproduce in full tone, that is, in 
black and white, and also adapted to record and 
reproduce in half-tone, where a range of shades 
from white through gray to black are obtained. 

20 A further object is to provide an improved 
Scanning means and a novel paper control appa 
ratus so that the procedure in preparing copy 
for transmission and in starting the transmission 
is made very quick and Simple. 

25 A further object is to provide a facsimile sys 
tem of this character in which the graphic origi 
nal is reproduced on plain paper, thus avoiding 
the expense and trouble incident to photographic 
and chemical methods of reproducing. 

30 A further object is to provide a simplified fac 
simile transmission system which does not re 
quire carrier waves or currents, avoiding the 
necessity of demodulating or rectifying the re 
ceived signals, and in which only a limited fre 

35 quency band is required, thus facilitating trans 
mission over ordinary communication circuits. 

It is a still further object to provide an im 
proved and simplified method of facsimile trans 
ISSO. 

40 Other objects and advantages will be obvious 
in connection with the following description, 
the accompanying drawings, and the appended 
claims. 

45 In the drawings: 

bodiment of apparatus constructed in accordance 
With the present invention; 

Fig. 2 is a fragmentary sectional view on the 
to line 2-2 of Fig. 1; 

Fig. 2A is a fragmentary side elevational view 
of the apparatus shown in Fig. 1; 

Fig. 3 is a schematic illustration of the scan 
ning arrangement forming part of the invention; 

55 Fig. 4 is a detailed view of a section of the 

Fig. 1 is a fragmentary plan view of one en 

(C1. 178-11) 
Scanning belt forming part of the arrangement 
of Fig. 3; . 

Fig. 5 is a schematic diagram of the control 
circuits for the transmitter; 

Fig. 6 is a Schematic diagram of the signal 
generating and transmitting circuits of the trans 
mitter; 

Fig. 6A is a similar diagram showing an adap 
tation of the invention to a half-tone process; 

Fig. 7 is a representation, in part section on the 10 
line 7-7 of Fig. 8, of one form of recording 
apparatus involving my invention; 

Fig. 8 is a fragmentary plan view of the appa 
ratus of Fig. 7; 

Fig. 9 is a schematic illustration of the record- 5 
ing arrangement forming part of the invention; 

Fig. 10 is a detailed view showing the preferred 
motional relationship of the recording belt and 
the recording ribbon; 

Fig. 11- is a schematic illustration of the drive 20 
means for the recording apparatus of Fig. 7; 

Fig. 12 is a Schematic diagram of the signal re 
ceiving and control circuits of the recording appa 
ratus; 

Fig. 13 is a diagram illustrating the nature of 25 
typical received picture and Synchronizing sig 
nails; 

Fig. 14 is a diagram illustrating the action of 
the armature of the magnetic recording unit; 

Fig. 15 is a diagram showing in exaggerated 30 
graphic form the potentials applied to the photo 
cell amplifier, and the resulting recordings; 

Fig. 16 is a schematic circuit diagram of a 
signal-converter unit; 

Fig. 17 illustrates diagrammatically a converter 35 
coupling unit whereby alternative direct current 
impulses may be converted into representative 
line signals; - 

Fig. 18 illustrates the combination of the ar 
rangements shown in Figs. 16 and 17 to form a 40 
signal repeater unit; 

Fig. 19 illustrates the combination of appa 
ratus to constitute a long-line facsimile system; 

Fig. 20 illustrates the combination of certain 
apparatus to constitute a radio facsimile system; 45 
and - 

; Fig. 21 is a diagram illustrating the nature of 
the Synchronizing and picture signals sent to the 
line by the converter coupling unit shown in Fig. 
17 in conjunction with the transmitting arrange- 50 
ment shown in Fig. 6. 
In the various figures, like characters represent 

like parts. 
Referring first to Figs. 1, 2, and 2A, wherein 

the sending apparatus is shown in more or less 55 
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2 
diagrammatic form for convenience in illustra 
tion and description, the record to be transmitted 
is represented by the sheet of paper , termed 
the record sheet, which is assumed to be placed 
face downward on the table 2 of the Sending 
apparatus. The record sheet is slid along the 
table from right to left as viewed in Fig. 2 until 
registered in position over the scanning slot 20a, 
When the leading edge (ordinarily the top edge) 
Of the sheet reaches the position of engagement 
with feed roller 3, auxiliary roller 4 being lifted 
slightly to enable the record sheet to pass under 
it freely. During the scanning process, the rec 
ord sheet is noved continuously across the scan 
ning slot at a suitable slow rate by paper feed 
mechanism including feed roller 3 and auxiliary 
roller driven therefrom by suitable means as 
for example spur gears 5a, 5b, Sc. Gear 5b is an 
idler gear and is rotatably mounted on link 4. 
Gears Sa and 5c are preferably similar so that 
the angular speeds of the feed roller and auxile 
iary roller are the same. Auxiliary roller 4 may 
if desired be made slightly Smaller than feed 
roller 3, So that its peripheral speed is slightly 
leSS, thereby exerting a slight stretching action 
On the record sheet, so that the sheet is held taut 
and flat against the table to assure close contact 
of the record sheet with Scanning slot 20a. The 
edges of slot 20a, may also be sightly raised above 
the level of the table to secure close contact with 
the record sheet at this point. 

The rollel's are driven at suitable speed by drive 
motor 6, Operating through a transmission ar 
rangement comprising drive shaft 7, worm 8, 
gear 9, shaft 0, worm , and gear 2 the last 
being fixed on the axle of feed roller 3. Rollers 
3 and may be of yielding frictional material 
Such as rubber or cork, or may be metallic cylin 
del's With roughened drive surfaces. Auxiliary 
roller A is held in proper position relative to feed 
roller 3 by links 4, 4', which links pivot about 
the axle of feed roller 3, thus permitting auxiliary 
roller to be raised clear of the table without 
tdisturbing the relations of the gear train. Aux 
iliary roller 4 is raised by solenoid 32, which 
upon energization and by means of link 32 ac 
tuates toggle pair 30, supported at pivot 30'. A 
tractile Spring 3 returns toggle 3) to unoperated 
position whereby roller is lowered in position 
upon cessation of the pull of solenoid 32. Sole 
noid 32 is controlled by a control circuit described 
hereinafter. Feed roller 3 is preferably provided 
With a metallic ring 3, slightly smaller in di 
ameter than the frictional cylinder, which co 
Operates with paper Switch X2 in the operational 
Control function. Ring 3' closes the contacts of 
SWitch X2 in the absence of a sheet of paper on 
the Scanning table, but as soon as a sheet passes 
under the roller, the circuit is opened. 
The Scanning arrangement is shown in Figs. 

2, 2d, and 3. A scanning belt 2 is suitably posi 
tioned underneath table 20 and is positively 
driven by Sprocket wheel 22, preferably mounted 

. On the Shaft of notor 6, and is held taut in 
position by idler wheel 22. A light source 24, 
preferably in the form of an elongated incandes 
cent lamp, is mounted in proper position relative 
to the orbit of belt 2 by suitable means not 
shown, and its light is concentrated obliquely by 
condenser lens System 25, 25a, so as to project 
a bright converging band of light on the inner 
side of the upper Section of the, Scanning belt. 
Referring to Fig. 4, scanning belt 21 is provided 
with drive notches 212, and With equally spaced 
Scanning slits 2 is whose Spacing longitudinally 
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of the belt is substantially the width of the widest 
record sheet for Which the machine is designed. 
The Scanning SlitS have a Width. Substantially 
equal to the elements into which the record is to 
be resolved, but are preferably elongated trans 
Wel'Sely to enable light to be projected on the rec 
ord surface and to be reflected diffusely there 
from to photo-cell 26. The lens system 25 is such 
that the light passing therethrough is converged 
and focused substantially at the Surface of the 
element to be scanned. The Scanning belt is lo 
cated between the lens system and the line of 
focus, and the elongated slit thus provides for 
the passage of the desired light beam to and 
from the scanning point. The band of light from 
the light Source at other points along its length 
is shut off from the photo-cell by the cooperation 
of the Scanning belt and baffle 29, which is sub 
Stantially in contact along its upper edge with 
the Scanning belt. Thus the light reaching the 
photo-cell is substantially restricted to that re 
flected from the elemental area illuminated at 
the Scanning point. 
The light rays impinging on the record surface 

at the Scanning point are reflected away at an 
angle, following well known optical laws, the 
diffused light reaching a light reactive device 26, 
Such as a photo-cell or the like. Suitable shield 
ing is provided, including hoods 27 and 28 and 
baffle 29, to prevent extraneous light affecting the 
Operation of the photo-cell 26. The light, and 
optical arrangements are such that as a scan 
ning slit 2 is moves along, a bright spot of light 
of the Size of the basic photo-element traverses 
the record sheet, and light in varying amounts 
is reflected to the photo-cell as the record sheet 
is Scanned. The paper is meanwhile moved slow 
ly and continuously by the paper feed mecha 
nism, the Speed ratio between the scanning belt, 
and the paper feed preferably being such that 
the paper progresses one elemental line for each 
traverse of a Scanning slit. The record is thus 
Systematically analyzed line by line and element 
by element, as will be readily understood, the 
light variations received by the photo-cell being 
Substantially proportional to the light and shade 
Values of the record. These light variations are 
converted into electrical signals, generally known 
as picture signals, by transmitting means de 
Scribed hereinafter. 

Referring now to Figs. 2, 2a, and 5, operating 
Control of the scanning apparatus and of the 
transmission of signals is provided by a control 
arrangement comprising paper switch X2, can 
Switch X3, control relays 33 and 3A, and the 
controlled elements comprising solenoid 32, light 
Source 24, and the signalling circuit. Relay 33 
is provided with contacts XA adapted to control 
the Signalling circuit, and with contacts X5 which 
are in an auxiliary circuit including cam switch 
X3. Relay 34 is provided with contacts X adapt 
ed to control Solenoid 32, and with contacts X 
controlling light source 24. Light source 24 may 
be conveniently energized by power transformer 
36 as shown, or by any other suitable source of 
power. 
The sending operation is started as follows: 

Let it be assumed that power is connected to 
motor 6, hence that the feed mechanism is driven 
at proper speed. Switches Sul and 'SU2 are 
then closed, the former connecting power to light 
source 24, the latter energizing relays 33 and 
34. The contacts of these relays are shown in 
unoperated position in Fig. 5; thus when these 
relays are energized, contacts X energize solenoid 
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32, contacts X interrupt the current to light 
Source 24, contacts X4 disconnect the signalling 
circuit, and contacts X5 place cam switch X3 in 
circuit with the winding of relay 33. When en 
ergized, solenoid 32 causes feed roller 4 to be 
raised clear of table 20 as previously described. 
To start Scanning, the record sheet is slid 

along table 20 until it is engaged by feed roller 
3 which thereafter advances the record sheet 
gradually (See Fig. 2). As soon as the sheet 
passes under roller 3, paper switch X2 is opened 
and current is cut off relay 34 which is thus de 
energized, causing contacts X to open and con 
tacts X to close, thereby deemergizing solenoid 
32 and applying current to light source 24. Sole 
noid 32 releases its pull on toggle lever 30 and 
the toggle pair is "broken' at the hinge joint 
by the pull of retractile spring 3 lowering aux 
iliary roller 4 until its weight rests upon the rec 
Ord sheet. Cam 35 of the can switch continues 
to rotate, and shortly before a slit of scanning 
belt 2 reaches the end of Scanning slot 20s, con 
tacts X3 are opened by the rise on cam 35, re 
moving current from relay 33 and deemergizing 
same. Contacts X4 are thus caused to close at 
the point in the scanning cycle where the periodic 
synchronizing signal is being generated, and since 
the signalling circuit is connected to the line by 
the closing of contacts XA, the first signal trans 
mitted to the line is a synchronizing signal. 
tacts X5 open upon the deemergizing of relay 33, 
hence subsequent closing of the circuit by cam 
switch X3 is ineffective, and the control circuits 
remain unresponsive until control is Subsequent 
ly regained by paper switch X2. Meanwhile, 
periodic synchronizing signals and picture sig 
nals are permitted to pass to the line. 
The sending machine continues the Scanning 

until the record sheet has been fed beyond the 
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point of application of paper switch X2 whose 
contacts are permitted to close, reversing the 
starting procedure by applying current to relays 
33 and 34. These in turn interrupt the sending 
of signals to the line, cut of current to the light 
source, and energize solenoid 32, the latter rails 
ing feed roller 4 to permit the entry of another 
record sheet. Feed roller 3 continues to advance 
the previous record sheet until it is free to drop 
into a receiving pocket (not shown). 

It will be noted that the arrangement shown 
provides for automatic start under control of 
the record sheet and automatic shut-off. The 
control elements shown may, however, be con 
bined in various ways as desired. 

Referring next to Figs. 7, 8 and 9 showing one 
embodiment of a recorder apparatus according 
to the invention, the recorder mechanism is . 
mounted on a frame including table 60. A roll 
of paper 4, on which the subject matter is to be 
recorded, is mounted on an axle 42 moving verti 
cally between two forked guide members .60?. 
The paper feed mechanism comprises feed roller 
43 for feeding the paper continuously past the 
recording point. Bell-crank control lever 80 is 
adapted to raise and lower roller 43, and is all 
tomatically actuated by solenoid 82. Feed roller 
43 is driven from drive motor 66 (see Fig. 11) by 
a transmission arrangement including drive shaft 
67, worm 68, worm gear 69, pinion TO and gear 
1, the latter being fixed on the axle of feed 
roller 43. No auxiliary feed roller is necessary; 
otherwise the paper feed arrangement may be 
substantially the same as that at the trans 
mitter. R 

A suitable reproducing arrangement, whose 

CO 

message size. 

paper underneath the shear edge. 
noid 88 is de-energized, shear knife 86 is dropped 

3 
'general function is the reverse of the scanning m 
arrangement at the sender, includes recording 
belt 6 mounted above the table and provided 
with stylus points 6p spaced longitudinally of 
the belt a distance corresponding to the spacing 5 
of the scanning slits 2 is at the sender. Belt 6 
is positively driven by sprocket wheel 62 and is 
held taut in position by idler wheel 62. The edge 
of the recording belt moves transversely across 
the paper along the median line of a narrow 0 
guide slot 60g extending partly across table 60, 
this slot corresponding to the scanning slot 20a 
at the Sender. A light but rigid pressure bar T3 
of inverted T-section and Somewhat shorter than 
the width of the paper moves freely in guide slot 5 
60g, and is mounted on and driven by the arma 
ture pieces 75a of one or more magnetic motor 
units 75 (two being shown). These armature 
pieces, extended at right angles by thrust rods 
4, reciprocate pressure bar 3 in response to 20 

printing signals which in turn presses the paper 
against the recording belt as required in the re 
production process. The actual recording is 
preferably done by means of an inked ribbon 2 
stretched taut across and above the paper along 25 
the path of traverse of the stylus points 6p, 
altho other recording media such as a carbon 
paper and the like, may be used. The paper and 
ribbon are squeezed between the pressure bar and 
stylus point. The recording belt thus acts as 30 
the anvi or platen, while the pressure bar acts 
as the hammer. The ribbon is fed slowly along 
its length from reel 76 to reel 76' and vice versa, 
by ribbon feed mechanism (not shown). This 
ribbon feed mechanism may be any One of numer- 85 
ous ribbon feed mechanisms commonly used on 
typewriters, hence need not be described in detail. 
The preferred arrangement of the inked rib 

bon with reference to the recording line of the 
stylus points 6 p is for the ribbon to be positioned 40 
so that the stylus points move diagonally from 
margin to margin of the ribbon. The preferred 
arrangement is shown in Fig. 10, and referring 
thereto it will be noted that the stylus points 
move so as not to catch the edges of the ribbon, 45 
The combined motions of the stylus points and 
ribbon, which latter is moved at such a rate that 
it is advanced substantially one line width for 
each traverse of a stylus point, cover the entire 
surface of the ribbon much in the same manner so 
that the stylus points are caused to cover the 
surface of the paper. In this way, a fresh inked 
surface of the ribbon is presented to each Sl:c- 
ceeding stylus point, and all the surface and ink 
of the ribbon are effectively used in the repro 
duction proceSS. w 
Referring again to Figs. 7 and 8, the repro 

ducer is also provided with mechanism to auto 
matically cut the strip of paper into sheets of 

A shear edge 85 is mounted in a 
shear slot 60s located in the table 60 at such 
distance from guide slot 60g as to provide the 
desired top and bottom margin on the message 
sheet. A shear knife 86, pivotally mounted on 
hinge pin 87 at one edge of the table, forms a 
scissors pair with shear edge 85, which pair is 
normally held closed by the weight of the shear 
knife. Attached to the free end of the shear 
knife is a lifting solenoid 88, normally unener 
gized, but which when energized lifts the shear 
knife so as to permit the passage of the strip of 
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paper strip, thus detaching a sheet bearing the 
previous recording. 

Referring now to Fig. 6 which shows diagram 
imatically the apparatus at the sending station 
for generating and transmitting the Synchro 
nizing and picture signals, which apparatus will 
be called the transmitter, photo-ceil 26 may be 
of any suitable type, a photo-tube having a piloto 
enissive cathode 36c and a concentrated anode 
26a, being shown in conventional representation. 
The current variations in photo-tune 26, being 
usually of a feeble nature, are amplified by ann 
plifier tube S., which inlay be the usual triode 
vacuum type having a hot cathode C, plate or 
anode a, and controi grid g. Eattery Bf provides 
the plate potential for tube , battery B2 a. 
inorinal negative bias to the control grid, while 
both batteries provide an accelerating potential 
for photo-tube 26. Resistor RS serves as a grid 
resistor for tube T, and as a current limiting re 
sistor for photo-tube 26. Tube T works into 
transformer Crd which is provided with a center 
tapped secondary adapted to apply opposing po 
tentials to electronic relays Ti and T2, con 
nected in the Weil known push-pull arrangement. 
While electronic relays T and T2 may be of 

various types, the preferred type is a gaseous 
triode comprising a hot cathode, a control grid, 
and an anode or plate; all mounted in a sealed 
giaSS envelope Containing an atmosphere of gas or 
vapor. Eriodes of this type provide the advan 
tages of ease of control, large current carrying 
capacity, quick response, and a high ratio of 
power controlled to control power. The grid of 
the typical gaseous triodie can initiate ionization), 
but thereafter iOSes Control, and Some means for 
reducing the plate voltage below the de-ioniza 
tic potential rust be employed to assist the 
grid in terminating the ionization current. The 
two electronic relays TS and T2 are arranged to 
operate as an inverter, their input circuit being 
coupled to the output circuit of tube T by means 
of transformer ' in Such manner that T and 
2 operate alternately in response to increase 

and decrease of current flow in the plate circuit 
of it. The output of T and T2 is connected to 
a two-circuit three-Wire ine, or equivalent, 
wherefoy the current variations in T and 2 
are transmitted to the receiving station. The 
anodes a G, a2 of TA and T2 are directly connected 
by capacitor C Winich aids in the inverter action. 
In connection with this arrangement, it should 
be observed that photo-cell 26 functions to trans 
late light variations into proportional electrical 
variations, While tube i Inerely amplifies these 
yariations. Electronic relays if and 2 with 
theii associated circuits function, however, to 
convert, the electrical yariations of amplifier tube 

it into timed signais capable of being transmitted 
and interpreted for recording purposes. 

&eferring now to Fig. 12, at the receiving sta 
tion, the line signals from both line circuits are 
connected to the windings of magnetic unit 75, 
preferably through Variable resistors R and R2 
and R3. These resistors could be placed in the 
line at some other point, as for example in the 
circuits at the sending station, but it is usually 
more convenient to have them at the receiving 
Station inasmuch as they provide a convenient 
means of balancing the line circuits, to adjust 
the signal level, and to make other adjustments 
affecting the process of reproduction. - For rea 
Sons presently to be developed, it is advanta 
geous to apply the line currents to the windings 
of unit 75 in the form of direct currents. 

Unit 5 is preferably provided with a center 

2,176,680 
tapped, balanced winding as indicated, although 
other types of windings and connections may be 
employed. When more than one unit is used, the 
Same types of Winding should be used, the Sec 
tions being connected in series or parallel, hence 
a plurality of units may be regarded as one unit. 
Across resistor R3, connected in the center or 
ground leg of the transmission line, is shunted 
an auxiliary circuit 90 including capacitor C3 
and the primary of transformer Tr3. Due to 
the blocking action of C3, this circuit does not 
paSS direct current, but responds only to current 
changes in the middle line. 

Electronic relay T3, similar in character to T. 
and 2, has an input circuit including the sec 
ondary of transformer Tr3, connected on one 
side to the grid g3 via suppressor resistor R', 
on the other side to bias battery 36, thence to 
cathode c3. The output circuit of T3 includes 
battery B5 and a plurality of parallel circuits 
connected in circuit by a rotary contactor 50 
comprising cams 5, 52, and 53 with their as 
Sociated contacts 5', 52' and 53'. These cams 
are preferably mounted on the same shaft with 
Sprocket wheel 62 as indicated. 
Corrector magnets M and M3 are connected 

in the branch circuits including contacts 5, 
and 53, respectively. Clutch magnet M2 is con 
nected in the branch circuit including contacts 
52. Ciutch magnet M2 is of quick acting, slow 
release type, capable of being sustained in op 
eration by periodic impulses, energy being stored 
in capacitor C2 to keep the winding energized 
between impulses. Clutch magnet M2 is provided 
With pawl member 54 which actuates clutch 55 
(See Fig. il) ad also with make-break contacts 
56 which connect solenoids 82 and 88 alternately 
into circuit with battery B5, solenoid 82 being 
Connected. When M2 is deenergized and solenoid 
88 when M2 is energized. The functions of the 
Various elements of the receiving and control cir 
cuits will be more fully disclosed in the descrip 
tion of the operation of the recorder. 

Referring again to Figs. 1, 2, 20, 5, and 6, the 
Operation of the sending arrangement is as foll 
lows: Assuming that power has been turned on 
the transmitter and the motor is running at nor 
Inal Speed, the record sheet is advanced along 
table 20 manually until engaged by feed roller 
3, starting the paper feed as previously described. 
AS Scon as the record sheet opens the contacts 
of paper switch X2, relay 34 is deenergized, con 
tacts X thereof applying current to light source 
24. Where a white or blank margin exists at 
the top and bottom of a record sheet, as light 
SCurce 24 illuminates, the light passes through a 
Scanning Slit of moving belt 2 and is reflected 
toward photo-cell 26 which receives a steady light. 
When the scanning belt 2 reaches an underlap 
position, (in which no slit lies in the light path), 
light is cut off from photo-cell 26, whereby the 
current therethrough is abruptly diminished. 
This current change is amplified in the plate cir 
cuit of tube T, and an impulse is transmitted to 
electronic relay T through transformer Trf, 
causing electronic relay T to be tripped. When 
the slit emerges into a light transmitting posi 
tion, full light reaches photo-cell 26, abruptly in 
Creasing its current, thereby producing an im 
pulse in transformer Tr in the opposite direc 
tion and tripping electronic relay T2. When T2 
starts to discharge, capacitor C which was previ 
ously charged during the discharge of Ti, is sub 
ject to a sudden lowering of the potential at its 
terminal connected to anode a2, causing a sud 
den drop of potential at anode ai. By reason 
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of this drop and the current lag caused by the 
impedance in the line circuits, the voltage in the 
plate circuit of T is momentarily reduced below 
the deionization potential, permitting T to be 
come deionized and grid g to regain control. 
The voltage applicable to the grid being below 
the point required for ionization however, the 
tube remains blocked. 
When the scanning slit-reaches the succeeding 

underlap position, current in Tril again reverses, 
applying a tripping potential to the grid of T 
and a blocking potential to the grid of T2. Tf 
is again tripped, and the process is reversed inter 
rupting the current flow through T2. Thus it is 
Seen that Once an electronic relay is tripped. Cur 
rent continues to flow therethrough until the 
other relay starts to discharge, whereupon the 
current in the first tube is interrupted. It should 
be noted that the currents in the Outer conduc 
tors of the line alternate, but that current flows 
in the middle conductor When either T or T2 is 
conducting. 
From the above description, it is apparent that 

a current pulse of uniform character is sent to 
the line during each underlap interval. This 
periodic signal may be used as and preferably 
constitutes the Synchronizing signal. 

30 

35 

40 

Assuming next that the record sheet has pro 
gressed to the point where its subject is being 
Scanned, it should be clear from the analysis of 
the generation of synchronizing signals that as 
a scanning slit passes from a dark to a light por 
tion of the scanned area, electronic relay T2 will 
be made conducting, and will remain conducting 
while such light portion is being scanned, but 
upon traversing a dark area, electronic relay 
alone will pass current to the line. Thus, the 
duration of the signals sent to the line alterately 
by T and T2 will represent the dark and light 
areas respectively of the subject. The roles of Ti 
and T2 can of course be readily transposed by 
reversing connections in various parts of the 
circuits, whereby T will represent the light and 
T2 represent the dark areas of the subject. The 
variable length signals sent by Ti and T2 thus 
constitute the picture signals. - 
From the foregoing, it is apparent that the 

picture signals are direct current signals of uni 
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form amplitude, being characterized by their time 
of occurrence relative to the periodic synchroniz 
ing signals and by their duration. Thus repro 
duction will be in two contrasting shades without 
intermediate shades, that is in full tones. It is 
readily possible, however, to adapt the invention 
to the production of half-tone effects, as will be 
explained hereinafter. - 

In order to assure the sending of proper syn 
chronizing signals at each underlap position it is 
desirable to provide a margin on the subject be 
ing scanned of light reflecting properties. Thus 
as the scanning of the subject is completed a 
marginal light reflective area will be encoun 
tered in the scanning operation which will as 
sure the operation of the light, source to send 
a synchronizing pulse at the underlap position. 
Only a narrow margin need be provided for this 
purpose. 
Referring now to Fig. 11 which shows in some 

what schematic manner the driving and synchro 
nizing arrangement of the recorder, drive shaft 
G7 is driven from motor shaft 66S by means of 
bevel gear 44, and through a system of gears 
drives paper feed roller 43. Phase corrector 
mechanism 45 is mounted on shaft 66S. This 
mechanism may be of any desired type capable 
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of selectively advancing or retarding the phase 
position of the controlled member as required to 
bring it into synchronous operation with the syn 
chronizing impulses. A mechanism suitable for 
use in connetcion with the present invention is 5 
shown in my copending patent application Serial 
No. 736,383 filed July 21, 1934. As shown, the 
mechanism cornprises a pair of corrector mag 
nets M, and M2, one adapted upon energization 
to increase the speed of the controlled member, 10 
sleeve 45, with respect to its drive shaft 66S, 
and the other adapted to decrease the speed 
thereof. Sleeve 45, controlled by the phase cor 
rector mechanism and rotatable thereby with re 
spect to drive shaft 66S, drives a second sleeve 15 
4' through bevel gear 46. A clutch 55, of posi 
tive type, couples sleeve 47' to auxiliary shaft 
47 under the control of clutch magnet M2. Pawl 
member 54, actuated by magnet M2, has a diag 
Onally slanting end piece ending in a notch adapt- 20 
ed. to intercept stop pin 55S, thus disengaging 
the clutch coupling members and bringing shaft 
47 to a stop in predetermined angular position. 
In this. position, rotary contactor 5G, whose cam 
members are fixed on shaft 47, stops in such po- 25 
sition that contacts 52' are closed. (See Fig. 12.) 
Drive sprocket 62 is also fixed on shaft 47, hence 
movement of recording belt 6 is coordinated 
with the cam members in such relation that one 
of the stylus points is in the underlap position 30 
during that portion of a cycle of operation when 
contacts 52' are closed. The arrangement is such. 
that the recorder is stopped in and released from 
a predetermined initial position whereby approxi 
mate synchronism is established in response to 35 
the first received synchronizing signal. More ex 
act synchronism is effected and thereafter main 
tained by the phase corrector arrangement as de 
scribed below in connection with synchronization. 

Referring now to Figs. 11 and 12, the operation 40 
of the receiving apparatus in utilizing the Syn 
chronizing signals is as follows: In stand-by . 
condition, clutch magnet M2 is not energized, 
permitting pawl member 54 to intercept stop 
member 55S of clutch 55, disengaging same and 45 
stopping cam shaft 4 in a predetermined an 
gular position. In this position, cam 52 closes 
its contacts 52 as indicated in Fig. 12. 
When the transmitter sends the first synchro 

nizing signal, a current change. occurs in the 50 
middle conductor of the line, hence a voltage 
drop develops across resistor R3, causing a cur 
rent pulse in auxiliary circuit 90 including the 
primary of transformer Tr3. The secondary of 

. Tr3 applies a positive swing to grid g3 of elec- 55 
tronic relay T3, overcoming the bias and trip 
ping T3 which thereupon becomes conducting, 
grid g3 losing control. Current flows from the 
positive side of battery B6 through the winding 
of M2 (and capacitor C2 in shunt with part of 60 
the winding) via contacts. 52' and T3 back to 
battery, energizing M2 and leaving a charge 
stored in capacitor C2. Magnet M2 is quick 
acting, hence actuates pawl 54 quickly, permit 
ting clutch 55 to engage with very little delay 65 
thus connecting driving power to sprocket wheel 
62. When contacts 52' open by reason of the ro 
tation of cam 52, relay T3 is deionized, grid g3 
meanwhile having been restored to normal bias 
by battery B6 and regaining control. The charge to 
stored in capacitor C2 is sufficient to hold magnet 
M2 operated for several revolutions of sprocket . 
wheel 62. Because of the slight delay incident 
to the operation of magnet M2 and clutch 55, the 
cam shaft may lag slightly, and thus when the 75 
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, the paper to feed beyond the shear point. 

6 
second synchronizing signal is received, contacts 
5' of cam 5 are closed. T3 is tripped by the 
Synchronizing signal as before, but this time the 
discharge current flows through corrector mag 
net M via contacts 5'. Magnet Mf actuates 
phase corrector 45 to advance the phase, regain 
ing part or all of the initial lag. Phase correction 
is repeated on Succeeding Synchronizing signals, 
if necessary, until unison is established, where 
upon the local synchronizing pulses are applied 
to clutch magnet M2, sustaining same in operated 
condition. 

Thereafter, should the receiving apparatus tend 
to lag relative to the synchronizing signals, cor 
rector magnet Mf is energized, advancing the 
phase to restore unison; should the receiving ap 
paratus tend to lead, corrector magnet M3 is 
energized, retarding the phase to restore unison. 
Recording belt 6, sprocket wheel 62, cam shaft 
47 and rotary contactor 52 are motionally co 
ordinated in such manner that when contacts 
52' close coincidentally with the period of the 
local synchronizing pulses, recording belt 6 
moves in unison with scanning belt 2 at the 
transmitter. Without further analysis, it should 
be clear that the periodic synchronizing signals 
are first utilized to establish Synchronism, and 
are thereafter utilized to maintain synchronism. 
When clutch magnet M2 is operated, the break 

contacts of switch 56 remove holding current 
from Solenoid 82 thus starting the paper feed, 
while the make contacts apply holding current 
to solenoid 88, raising shear knife 86, permitting 

At the 
end of the transmission, when the Synchronizing 
signals cease, magnet M2 is deemergized, and Con 
sequently solenoid 82 is reenergized, stopping the 
paper feed, while solenoid 88 is deemergized, drop 
ping shear knife 86 which cuts the message sheet 
from the strip of paper. 
The manner in which the picture signals are 

utilized in reproduction is as follows: Assume now 
that recording belt 6 has been synchronized with 
the transmitter as described above. As the pic 
ture signals are received from the line, current 
passes through the windings of magnetic unit 5 
in alternate directions. Assuming again that cur 
rent flows through tube T2 when light portions of 
the subject are being scanned, and through T. 
when the dark portions are being Scanned, cor 
responding currents will flow through windings 
75' and 7.5' of unit 75. Unit 75 is provided with 
resilient centering means (not shown) whereby 
armature T5a tends to return to mid position 
when displaced therefrom. (See Fig. 7.) When 
current flows through winding 75, armature Sa 
pulls pressure bar 3 away from the paper, and 
when current flows through winding 75, thrusts 
it towards the paper, while in normal position, 
pressure bar 73 has its upper edge substantially 
in contact with the paper. Thus when picture 
signals representing dark areas are received, unit 
75 thrusts pressure bar. 73 upward pressing the 
paper and inked ribbon against the recording 
belt at the point where a stylus point 6p projects. 
The length of the dot or dash resulting from such 
engagement depends on the duration of the dark 
signal, the stylus point moving along in Syn 
chronism with the scanning slit at the transmit 
ter, hence reproducing in extent and position 
the dark areas of the subject. Conversely when 
picture signals representing light areas are re 
ceived the pressure bar 73 is drawn away from 
the stylus so that a corresponding light area is produced. 
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Referring now to Fig. 14, which shows diagram 

matically in exaggerated manner the motion of 
armature 75a under various conditions, the nor 
mal or mid position of the armature is indicated 
at a. When current flows steadily in winding 75'., 
the position of the armature is indicated at a', 
and when current flows steadily in winding 75' 
at a'. The point of particular interest is the 
motion of the armature upon reversal of the 
currents. Assume first that a “light' signal 
flows in winding 75' holding the armature in 
position a' against the resilience of the centering 
means. Now upon striking a dark area, a "dark' 
signal is sent, and because of the fact that cur 
rent must flow in one electronic relay in Order 
to cut off the discharge of the other, there is a 
momentary increase or pulse of current in the 
middle conductor. These current conditions are 
graphically illustrated in Fig. 13 in which lines 
I to III represent the current-time relations of 
the currents through R, R2, R3 respectively. 
At the instant of the overlapping current impulse, 
currents flow in both sections of winding 75, but 
since they are substantially equal and opposite, 
one nullifies the effect of the other. The mag 
netic pull on the armature is thus released, and 
normally, the resilient force would throw the 
armature to position a' on its first excursion. 
However, during the excursion interval, the cur 
rent in winding 75' suddenly drops to zero due 
to the de-ionization of T2. Hence the current in 
winding 75' becomes effective, exerting an ac 
cellating pull carrying the armature to position 
a''. Assuming that the current in winding 75' 
continues on in steady state, the armature will 
return finally to position a'. 

In practice, the armature does not travel as far 
as position a' because pressure bar 73 strikes 
against a stylus point before that position is 
reached. And the above analysis of the motion 
of the armature is given for illustrative purposes 
only. It indicates the tendency of the motion of 
the armature, and that dot elements and the be 
ginning of dash elements tend to be printed heav 
ier than other elements, improving the sharpness 
of the reproduction. The practical advantage ob 
tained is that the legibility of printed characters 
is materially improved. , 

Referring again the Fig. 13, it will be noted that 
a synchronizing signal, indicated by S in line I, 
is accompanied by two sharp current impulses S' 
and S' in line III. The variations in current i 
only are effective in auxiliary circuit 90 thus the 
grid of T3 receives two positive impulses for each 
Synchronizing signal, namely at the beginning 
and end of the signal. These double impulses are 
advantageous not only in sharply marking the 
limits of the synchronizing signal, but also in the 
distribution of the local correction currents. 
Thus, for example, in case the receiver tends to 
lead, the first impulse will trip T3 while contacts 
52' are closed, distributing a part current pulse to 
clutch magnet M2, while the second inpulse will 
assure the tripping of T while contacts 53' are 
closed even if it should have deionized immedi 
ately upon the opening of contacts 52', thereby 
assuring the sending of a correction pulse to cor 
rector manget M3. Were only a single tripping 
impulse at the beginning of the synchronizing 
signal provided, magnet M2 would receive a part 
pulse, but M would in some cases not receive an 
effective pulse until the departture from synchro 
nism permitted T to trip while contacts S3' were 
closed. With the arrangements provided by the 
invention, corrective action is applied upon a 
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slight departure from synchronism, thus assuring 
close maintenance of synchronism. 

Referring now to Fig. 6A which shows an adap 
tation of the transmitter shown in Fig. 6 to secure 

5 half-tone reproduction, photo-cell 26 is coupled 
to amplifier tube T in the same way as before ex 
cept that a source of sustained alternating or 
pulsating electromotive force of suitable ampli 
tude, indicated as an oscillator f, is connected in 
series with the source of steady bias potential for grid g, represented by battery B2. A varyingpo 
tential due to the alternating potential of Source 
f superimposed on the steady potential of source 
B2 is thus normally applied through resistor Rs to 
grid g. 

5 Amplifier tube T is preferably coupled to the 
input circuits of tubes T and T2 in such a way, 
that the potentials applied to grids g- and g2 will 
be at all times proportional to the plate current 

o flowing in tube T. A resistance network or po 
tentiometer P, P2 provides a suitable coupling 
means. The voltage across sections P and P2 
will vary proportionally with the plate current in 

... tube T, their ratio being variable according to the 
5 setting of wiper v. Tube T is conveniently pro 
vided with proper stabilizing bias by the voltage 
edrop across resistor section P due to the plate 
current of T flowing therein. When photo-cell 
26 is dark, the potential applied to g is of such 
value as to permit T to ionize and when the pho 
to-cell is light, the potential applied to g2 is such 
that T2 ionizes. Tubes T and T2 are arranged 

with Fig. 6. Source F may be of any source of 
alternating or pulsating electro-motive force of 

erably a relaxation oscillator producing a "saw 
tooth' Wave form. The frequency used may vary 
over a wide range and very Satisfactory results 

o have been secured in the range of about 1000 to 
1500 cycles. These values are given as illustra 
tive only, as the frequency can be greatly in 
creased or reduced if desired. - 
The operation in transmitting half-tone pic 

connection with the circuit of Fig. 6A, two condi 
tions are represented the left hand portion of the 
diagram showing the conditions for the sending 

O ing the conditions for sending intermediate or 
gray areas. Referring first to the left hand por 
tion, the instantaneous potential applied to grid 
g is represented by eg. This potential is the re 
sultant of steady negative bias potential Ec due to 
B2, variable potential eo (shown as a saw-tooth 
wave form) due to oscillator f, and potential E' 
due to the photo-cell current in resistor Rs. The 
voltage e represents that value of eg at and above 
which tube T2 will be tripped. Thus whenever 
the resultant steady or momentary voltage eg 
rises above the level e, tube T2 will be tripped and 
the recorder will reproduce a white area, and 
conversely when it falls below the levele, tube 
T will be tripped, causing the reproduction of a 

5 black area. w 

so adjusted that when photo-cell 26 is dark, i.e. 
when a solid black area is being scanned, E, being 
very small or non-existent, the resultant voltage 

o eg remains below the critical value e, and tube 
T2 remains un-ionized. Tube T is tripped with 
steady current flowing therethrough and the re 
corded will record black. . . . . . . . The right hand portion of the diagram repre 

suitable frequency and amplitude, but is pref 

sture signals is as follows: Referring to Fig. 15 in 

The operating potentials on T, T, and T2 are: 

for inverter action as described in connection 

of block areas, and the right hand portion show- . 

is sents the condition when an intermediate or gray . . Referring now to Fig 
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area is being scanned. In this case photo-cell 26 
receives an increased amount of light, potential 
E’ being correspondingly increased. This has 
the effect of raising the resultant voltage eg. 
Thus at the times when the alternator voltage 
eo is aiding the potential E' derived from the 
photo-cell the resultant voltage eg is raised above 
the critical level e; when eo is of lesser value, or 
opposed to E, the resultant voltage falls below 
the critical level. Whenever the resultant volt 
age exceeds the critical level, tube. T2 will be 
tripped and tube T cut off, thus causing a light 
area to be reproduced at the recorder. As the 
resultant potential falls below the critical value, 
tube T is tripped and tube T2 cut off, thus caus 
ing a dark area to be reproduced at the recorder. 
The recorder will thus reproduce a series of 
dashes with gaps therebetween as indicated in exaggerated proportions. The eye integrates 
areas so recorded into shades less dark than 
black, that is, the area, so recorded appears dark 
gray. When more light strikes photo-cell 26 (as 
from a lighter shade of gray) the relationship of 
the dashes changes, becoming shorter and the 
gaps between the dashes becoming correspond 
ingly longer, producing the effect in the repro 
duced copy of lighter shades. 

Finally in scanning white areas, the resultant 
potential remains continuously above the critical 
value, tube T2 is continually ionized and thus 
white areas are reproduced at the recorder. It 
will be understood that the relative values of po 
tential represented are illustrative only and are 
not in any way intended as limiting the practic 
ing of the invention. 
The frequency of the dot-dash combinations 

is controlled by the frequency of oscillator f, 
while the ratio of dot-dash lengths is controlled 
by photo-cell 26 in accordance with its response 
to the light values of the areas being scanned. 
"Thus half-tone effects are produced in recording, 
reproducing the shades of the original. 
The adjustment of the various factors to ob 

tain the desired half-tone effects depends in part 
on the subject matter being transmitted, and in 
part on the characteristics of the transmission 
line. The principles to be followed in making 
such adjustments and in providing desired Op 
erating conditions are well known in the art and 
consequently do not require detailed discussion. 
The circuit changes, and apparatus required to 
convert the system from full tone to half-tone 
are so simple that it will be readily apparent to 
those skilled in the art that the two types of 
recording can be combined, or made interchange. 
able, by the addition of suitable switching equip 
ment. 
It should be observed that since the System of 

the invention does not require carrier currents, 
and only the fundamental picture signal frequent 
cies need be transmitted, the frequency require 
ments of the transmission line are less rigid than 
would otherwise be the case. 
When the facsimile system of the invention is 

to be worked over long distance Iines, or oyer 
radio circuits and when one transmitter must op 
erate a plurality of receivers, it may be desirable 
for the transmitter merely to control the receiver 
rather than to actuate the magnetic recorder di 
rectly. The sending and receiving arrangements 
previously described can readily be adapted to 
such applications, such adaptation being facili 
tated by additional units of equipment next to 
be described. 
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. 16, which shows a con- 75 
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verter-amplifier unit forming part of the inven 
tion, the parts are identical in description and 
function. With the parts identified by like charac 
ters in Fig. 6 and described in connection there 
With. 

Referring now to Fig. 17, which shows a con 
verter-coupler unit according to the invention, 
this unit comprises a transformer Tr2 provided 
with a center-tapped balanced primary and sim 
ple secondary as shown, this type of transformer 
being commonly known as an audio line trans 
former, and suitable line regulating impedances. 
Variable impedances Rifl, R. 2 and R3 are pref 
erably connected one in series with each input 
terminal, as shown. These impedances are use 
ful in adjusting signal levels and in balancing 
the lines but are not strictly essential since Suit 
able impedance values may be incorporated in 
the transformer windings or elsewhere in the 
circuit. 

Referring now to Fig. 19 which shows in di 
agrammatic form a long distance transmission 
system for facsimile signals, this System is com 
prised of the apparatus shown in Figs. 6 (or 6a) 
and 7 constituting the transmitter, the appara 
tus shown in Figs. 16 and 12 constituting the 
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receiver, and a transmission line therebetween. 
Referring first to Fig. 6, it is seen that the light 
variations falling on the photo-cell are converted 
into electrical variations, these variations are amplified by amplifier tube T and applied to the 
primary of transformer Tr. The currents in 
the primary of Tri represent the light values 
reaching photo-cell 26; the voltage changes ap 
pearing at the secondary terminals of Tr mark 
the changes in the current of T. Electron relayS 
Ti and T2 convert these changes into timed, al 
ternative direct-current impulses. The coupler 
unit of Fig. 17 reconverts the alternative in 
pulses into aperiodic line signals characterized. 
by time and polarity which mark the limits of 
the intermediate impulses, and thus the changes 
in the photo-cell current. 

Fig. 21 shows the relation between the currents 
in conductors I and II of Fig. 6, (which currents 
represent the alternative light and dark areas 
of the record), and the timed and polarized Sig 
nals transmitted to the line by the Converter 
coupler unit of Fig. 17. The current in conduc 
tors I and II are alternative direct currents as 
illustrated in Fig. 13, a "dark' or synchronizing 
signal being represented by S. By reason of the 
action of the apparatus of Fig. 17, the beginning 
of a current pulse S is marked by a positive line 
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signal S' and its end by a negative signal S''' (or 
vice versa if desired). These signals constitute 
the printing signals transmitted through the two 
wire line indicated in Fig.19. It should be noted 
that these signals indicate not only the times at 
which light values change, but also the direction 
in which the change OcCllrS. 
At the receiving station, the received signals 

are again converted into, alternative direct-Cur 
65 

rent impulses by the converter-amplifier unit of 
Fig. 16, which impulses are utilized by the re 
corder shown in Fig. 12 as described in connection 
therewith. Thus the light variations falling On 
the photo-cell are faithfully represented by the 
operating impulses at the receiver. 
Assuming now that it were desirable to repeat 

the facsimile signals into another section of the 
transmission line, either for further propagation 

s 

along the same long-distance circuit, or into a 
branch or fork circuit. A repeater-amplifier for 
such purposes is shown in Fig. 18 and comprises 
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the apparatus shown in Figs. 16 and 17. This 
repeater reconstructs and amplifies the facsimile 
signals and passes them on to the next Section 
line indicated by "Out'. Several important ad 
vantages are obtained by the arrangement. For 
example, the signals are sharpened or regen 
erated. Since the repeater tubes can be tripped 
by very feeble signals, the amount of power taken 
out of the circuit by the repeater is negligible, - 
a most important consideration for branch-line 
and fork-line repeaters. 
are single impulses of substantially the same 
constant amplitude and duration, lines can be 
balanced to a single equivalent frequency. Be 
cause of this and other related factors, an ef 
ficient transmission line is less costly to provide 
than when a band of frequencies must be trans 
mitted. 

Fig. 20 is a schematic diagram of a radio fac 
simile system, the essential elements of the trans 
mission system being clearly indicated. Since 
the operation of the radio elements are Well un 
derstood, and the other elements of the system 
have already been described in detail herein, 
further description is not required. 
Without further analysis, it should be ap 

parent that I have provided a complete fac 
simile system of comparatively simple nature 
meeting in a highly satisfactory and practical 
manner the many exacting requirements of Such 
Systems. 
While the methods and forms of apparatus 

herein described constitute preferred embodi 
ments of the invention, it is to be understood that 
the invention is not limited to these precise 
methods. and forms of apparatus, and that 
changes may be made therein without depart 
ing from the scope of the invention which is de 
"fined in the appended claims. 
What is claimed is: 
1. A facsimile system of the character de 

scribed comprising means for Scanning a Sub 
ject to determine the light values of successive 
elemental areas thereof, means for transmitting 
a signal only upon a change in light values of the 
subject, means for receiving said signals, repro 
ducing means, means for controlling the repro 
ducing means for causing the continued repro 
duction of an area of predetermined light value 
in the absence of received signals, and means for 
controlling the reproducing means for effecting 
the reproduction of an area of light value Con 
trasting with the former upon receipt of a signal. 

2. A facsimile system of the character de 
scribed which comprises means for scanning a 
subject to determine the light values of succes 
sive elemental areas thereof, means for trans 
mitting a signal indicative of a light area, means 

Since all line signals 
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for transmitting a signal indicative of a dark 
area, means for causing the alternate transmis 
sion of said signals indicative of an area of in 
termediate shade including means to initiate the 
signal impulses aperiodically, means for receiv 
ing said signals, reproducing means, means for 
controlling the reproducing means for causing 
the reproduction of a light area in response to 
said first mentioned signal, means for controlling 
the reproducing means for causing the repro 
duction of a dark area in response to said second 
mentioned signal, and means for controlling the 
reproducing means for causing the alternate re 
production of light and dark areas in response 
to said alternate signals to give a visual effect 
of an area of intermediate shade. 

3. In a facsimile system, a transmitter includ 
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ing a record sheet, means for scanning said rec 
ord sheet to determine the light values thereof, 
signal transmitting means for alternately trans 
mitting aperiodic signals in accordance with the 
light values of said record and periodic synchro 
nizing signals, and means for causing the initiat 
ing of transmission of signals including means 
controlled by the sending of a synchronizing 

0. 
signal for controlling the said initiating means. 

4. In a facsimile system, a transmitter includi 
ing a record sheet, means for scanning said rec 
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ord sheet to determine the light values thereof, 
signal transmitting means for alternately trans 
mitting aperiodic signals in accordance with the 
light values of said record and periodic synchro 
nizing signals, and means controlled by the reca 
ord sheet when in scanning position for causing 
the initiating of transmission of signals by the 
sending of a synchronizing signal. . . 

5. Ini a facsimile system, a transmitter includ 
ing a record sheet, means for scanning said reca 
ord sheet to determine the light values thereof, 
signal transmitting means for alternately trans 
mitting aperiodic signals in accordance with the 
light values of said record and periodic synchro 
nizing signals, means controlled by the record 
sheet when in scanning position for causing the 
initiating of transmission of signals by the send 
ing of a synchronizing signal, and means con 
trolled by the record sheet for terminating the 
transmission of signals when the record sheet has 
progressed beyond a predetermined point. 

6. In a facsimile transmitter, a record sheet, 
means for scanning said sheet, means control 
led by said scanning means for transmitting sig 
nals, means controlled by said record sheet upon 
the beginning and ending of Scanning relation 
ship with said scanning means for initiating and 
terminating the generation of signals. 

7. In a facsimile system, a transmitter, a re 
corder including an elongated record sheet, 
means for feeding the sheet during the trans 
mission period, and means under the control of 
the transmitter for cutting the record sheet at 
the end of the transmission period. 

8. A facsimile system having a transmitter, a 
receiver, a signaling channel therebetween, a 
scanning belt provided with a plurality of scan 
ning slits at the transmitter, drive means there 
for, a recording belt provided with a plurality of 
stylii, at the receiver, drive means therefor, and 
means under the control of the transmitter for 
starting the recording belt. and including means 
for thereafter maintaining synchronous opera 
tion between the recording belt and the scanning 
belt. 

9. A facsimile system having a transmitter, a 
receiver, a signalling channel therebetween, 
scanning means at said transmitter including a 
plurality of scanning apertures and means for 
causing said apertures to scan successive lines of 
a record sheet, means for producing signals rep 
resenting the record scanned by said apertures, 
means for producing periodic synchronizing sig 
mals, recording means at said receiver including 
a plurality of recording stylii, means for causing 

9 
said stylii to record upon successive lines of a 
record steet, and means under the control of Said 
Synchronizing signals for starting the styli and 
including means for thereafter maintaining a 
Synchronous relation between said stylii and 
said scanning apertures. 

10. In a facsimile system, a transmitter, a re 
ceiver, a signalling channel therebetween, Scan 
ning means at the transmitter including a mov 
ing member provided with a plurality of scan 
ning apertures, means for transmitting periodic 
signals indicative of the position of said member, 
receiver means for receiving said signals, record 
ing means at said receiver including a movable. 
member carrying a plurality of recording stylii, 
and means for arresting Said member with One 
of Said stylii in a predetermined position, and 
means controlled in response to said periodic sig 
nals for placing said movable member in motion 
and including means for thereafter maintaining 
the movable member in synchronism with said 
moving member. 

11. A facsimile system of the character de 
scribed comprising means for scanning the sub 
ject to determine the light values of successive 
elemental areas thereof, means responsive to the 
scanning means comprising at least a pair of 
electron discharge devices including means for 
rendering said devices conductive alternately 
upon Scanning dark and light areas to initiate 
aperiodically distinctive signals representative 
of the scanned areas, means whereby the said 
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devices when rendered conductive are maintain 
ed conductive until an area differing in light 
Value is scanned, and means for rendering the 
conductive device non-conductive and simul 
taneously therewith rendering the other device 
Conductive, i. 

12. A facsimile system of the character de 
scribed comprising means for scanning the sub 
ject to determine the light values of successive 

... elemental areas thereof, means responsive to the 
scanning means comprising a pair of electron 
discharge devices connected in push-pull ar 
ranginent including means for normally biasing 
them to be non-conductive, and means con 
trolled by the scanning means to overcome the 
bias conditions for rendering them conductive 
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alternately upon scanning light and dark areas 
respectively. 

13. A facsimile system of the character de 
Scribed comprising means for scanning the sub 
ject to determine the light values of successive 
elemental areas thereof, means responsive to the 
scanning means comprising a pair of gas dis- is 
charge devices of the trigger action type con 
nected in push-pull arrangement, including 
means for normally biasing them to be non 
conductive, means controlled by the scanning 
means to Overcome the bias conditions for rend 
ering them conductive alternately upon scan 
Jning light and dark areas, and neans common 
to the output circuits of said devices for render 
ing the conductive device non-conductive when 
ever the other device is rendered conductive. 
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