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This invention relates to a method and ap 
para-tus for transmitting and reproducing 
images electrically. _ It relates more particu 
larly to a. television system. - i - 

In the transmission of images electrically 
the object is ?rst illuminated, in order that 
the light and shade used to produce the pic 
ture maybe present. The object is viewed inv 
successive portions or individual unit areas, 

10 and the lights and shadows or variations of 

15 

light at each unit area are changed into pro- . 
portional variations of electrical current. At 
the reproducer each electrical variation is 
reconverted into a light variation that corre 
sponds in intensity and relative position to 
that of the corresponding unit‘ area of the ob 
ject at the transmitter. \ 
The human eye is retentive of images orig 

inating over a range of intervals extending 
from a fraction of a millionth of a ‘second 
where the luminosity is intense to a-fraction 
of a second where the duration is greater 
and the light contrast that of ordinary vision. 
For the short interval, lightning and timed 
electrical discharges register on the retina of 
the eye as continuous impressions, while for 
longer exposures as in motion picture projec 
tion, sixteen interruptions per second of the 
image fail to cause perceptible ?icker.‘ 
In television wherethe images of moving 

objects are to be reproduced, the scene to be 
transmitted must be viewed in its entirety at 
least sixteen times per second, in order that 
the eye may retain a continuous image. Suc 
cessive portions of the scene have to be 
viewed, of course, at much higher speeds. 
For a given sized scene to be scanned, the 
amount of detail which it is desired to be re 

0 -.produced governs the size of-the'individual 
unit areas which are ‘successively viewed; the 

- greater the amount of detail ‘the smaller the 
individual unit area, the greater the-number 
of areas to be. viewed and the less the time 
available for viewing ‘each unit area. Sup 
pose, for example, a rectangular scene having 
100 unit areas in each dimension. is to be 
scanned in its entirety sixteen times per sec 
ond. Thescene has a total of 10,000 unit 
areas, all of which must be viewed sixteen 
times per second, so that it IS necessary that 

the transmitting apparatus have a viewing 
or scanning speed of 160,000 units of area per 
second‘. If the scene is larger or it is neces 
sary to reproduce more realistic pictures hav 
ing greater detail, the scanningv speed, of 
course, vhas to be much higher. 
are di?icult to obtain in practice where mov 
ing elements such as the well-known rotating 
scanning discs are employed, and it‘is di?‘i 
cult where such speeds are obtained to syn 
chronize exactly the transmitting and receiv 
ing apparatus. 7 
Three factors'areessential for successful 

television. ‘These are~adequate light, su?i 
cient detail and absolute synchrony. Three 
more factors are necessary to make television 
reliable, simple and universal. These fur 
ther factors are motionless structure, reversi 
ble or simultaneous transmission and recep 
tion and the use of electricity as thesole ac 
tuating medium. - 
An object of this invention is to accom 

plish television with transmitting and receiv 
ing apparatus containing no moving parts 
whatsoever. 
Another object of the invention is to pro 

duce a continuously moving electro-dynamic 
arc.’ 

Another object of the invention is to ob 
tain high scanning speeds through the use of 
a continuously moving electro-dynamic are 
having nophysical mass. . 
Another object of the invention is to ob 

tain absolute synchrony of transmission and 
reception. .H' _ _ ’ 

Still another object of the invention is to 
combine the functions of transmitter and re 
ceiver in an electro-dynamic a‘rc screen. _ 
According to a feature of this invention the 

scanning screen at the transmitter and the re 
producing screen at the receiver comprise 
endless rail electrodes, between which an elec 
tric spark or are in-a gas at suitable pressure 
is produced and moves. The screens consist 
of rows of parallel electrodes of alternate 
polarity with corresponding turning corners 
foreach row in succession.’ The scanning 
screen is open to direct view or is enclosed 
in a camera with an optical outlet. _ The are 
is initiated between the electrodes and moves 
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rapidly alongbetween one row of electrodes; 
is constrained to turn the corner into another 
row along which it moves and so travels back 
and forth across the screen and scans the ob- 
ject which is to be transmitted. 
The are is initiated at a. fore-shortened gap 

between the electrodes and is caused. to move 
through the action of a magnetic ?eld,‘ across 
the lines of ?ux of which, the arc acts as: an 
armature conductor. The screen is placed in 
the ?eld of an electromagnet in a position 
such that‘ the lines of magnetic ?ux are per-e 
pendicular to the rows of electrodes. When 
an arc is initiated, the current ?ow is from 
the ‘plus electrode to the minus electrode. 
Since the arc is free to move, according to 
Fleming’s motor rule (see section 2, para 
graph 55 of Standard Handbook for Elec 
trical Engineers, ?fth edition, published by 
McGraw-I-Iill Book Company, New York 
city), it will then move across this screen in 
a direction depending upon the polarity of 
the electrodes between which it moves. up 
pose, for example, that two rows of electrodes, 
with the upper one of the top row positive. 
and the lower one of the top row negative, are 

' placed on this page parallel to these lines and 
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that this page is placed on the face of the 
south pole of a magnet, then the lines of force 
of the magnet would be pointed perpendicu 
larly into this page. When a spark or are 
occurs, the current ?ow from plus to minus 
is downwards, and the arc will travel to the 
right. As it turns the corner, the top elec 
trode is now minus, and the bottom one is . 
plus, so that the current ?ow is upwards and 
the arc will travel to the left. Thusythe' 
closed lines of a zigzag, double spiral or any 
other mazed path forming an electrode rail 
and a third intermediate line within the 
closed lines of the pattern-forming the other 
electrode rail bridged across a uniform ?eld 
and impressed with the proper potentials 
will discharge an are which is self-propaga 
tional as a scanning illuminant. 
The scanning arc is initiated at a fore: 

shortened arrester gapfby a high frequency 
piloting potential difference supplied by a 
thermionic oscillator in conjunction withv a 
steady electrol-motive force which is supplied 
by a; direct current genelgator or by a high fre 
quency recti?er. The high frequency pilot' 
ing potential difference ionizes the gas mole 
cules in the gap, and this ionized space offers 
a low empedance to the electro-motive force 
supplied by the direct current generator so 
that this electro-motive force can produce an 
arc discharge. The frequency piloting 
discharge current is transmitted also to the 
receiver, and, in conjunction with a direct 
current generator at the receiver, initiates the 
moving are at a fore-shortened arrestor gap 

' in the receiver screen positioned similarly to 
the gap in the transmitter screen. In this 
way the transmitter and receiver screens are 

‘ scenery. 
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roughly synchronized. More exact and con 
tinuous synchrony is established by the arc 
itself at-frequent intervals ‘in its travel. 
At spaced intervalsAwithin the screens are 

provided electrode shunts which momenta 
rily shunt a portion of the are current energy. 
As the arc passes the shunts, the energy at 
each shunt path in the transmitter screen is 
transmitted to a thermionic synchronizer at 
the receiver. The energy at each shunt at 
the receiver screen is fed also to the thermi 
onic synchronizer. The master shunt signals 
from the transmitter screen, and the local 
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shunt signals from the receiver screen arrive _ 
at a bridge circuit where if they arrive at the 
same time they balance out, the dams then be 
ing in exact synchrony. The receiver are is 
accelei'ated or retarded in speed according as ‘ 
the master or the local signal ?rst arrives at 
the local thermionic synchronizer and simul- 
taneously operates and suppresses one or the 
other of ‘the work circuits operating respec 
tive functions of acceleration and retarda 
tion. - ' 

_‘The_ continuous traveling, arcs on similar 
rail screens at different stations thus maintain . 
invariably similar spacial coordinates.‘ .The 
transmitter arc scanner of uniform illumina 
tion functions to measure brightness in relaé 
tion to the coordinates of space through a pin 
hole or lens camera in terms of transmitted 
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or re?ected light. The light variations on I 
‘the surface of the gbject are converted into 
current variations-by a photo-electric cell‘ and 
such variations are transmitted to the re 
ceiver\‘ by modulation of a carrier wave and 
at the receiver are demodulated, ampli?ed 
and superposed upon the traveling are where 
they produce light. and shade contrasts at an 
alternating frequency dependent upon the 
degree of detail represented in the scanned 

The transmitter when used also as a re 
ceiver comprises the-.i’traveling arc screen and 
an invisible anterior pinhole screen (or cam- _ 
era) which is opaque to the uniform scan- -' 
'ning light, except at the pinhole or lens sub 
stitute, and a system of peripheral photo-' 
sensitive cells detecting re?ected or transmit 
ted light from a near object whose photo 
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11:; 
electric currents upon ampli?cation are sent ‘ 
to the receivers, one of which maybe the 
transmitter itself. The functions of trans 
mitter and receiver can be combined-either by - 
alternating the‘ functions rapidly or by dif 
ferentiating their respective spectralran'ges 
that of the transmitter being mono-chro 
matic,—-short 'or long wave length. The lat 

120 

ter method provides'true simultaneous scan- ». 
ning and reproduction images by using con 125 

stant non-visible light rays such as infra-red _‘ 
rays in the same are with the visible rays, 
which are varied in intensity by the incom 
ing picture currents. A photocell sensitive \ 
to infrasred rays is then employed for de 130 
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tection. Accordingly, while, as transmitter 
the moving arc scans the ‘object completely 

_ through the pinhole screen; as a receiver, the 
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subject sees the object through the translucent 
' screen, which is opaque, as before said, to 
the transmitting rays. - 
The transmitter comprises also a master 

clock, such as a piezo-electric crystal oscilla 
tor. This, in conjunction with the thermion 
ic synchronizer keeps the master transmitter - 
in uniform arc scanning condition; not only 
framing the scanning period but may also 
at frequent scanning intervals correspond- \ 
ing to convenient positions on. the transmit 
ting screen cause the moving arc to accelerate 
or retard by control of the speed factors. 
This master oscillator may also synchronize 
transmitter-receiver functions by thermionic’ 
facilitation and suppression of respective op 
erations. A local ultra-high frequency os 
cillator synchronized or non-synchronized at 
each station may occomplish the same object. ' 
This signi?es that the same scanning screen 
serves as transmitter-receiver by‘ high fre 

_ quency inter-change of such functions, so as 
to simultaneously function as transmitter and 
as receiver. For example, the screen may be 
transmitting and receiving alternately dur 

’ ing period otglgorm second per screen 
or element, respectively. _ That ‘is to say: the 
alternation may be as to the entire screen in 

‘316 of a second or as to the individual unit 
areas in m of a second. ~. 
In one embodiment of the invention, the il 

laminating current changes from the trans 
mitter, instead of being superposed upon‘ the 
traveling arc are made to accentuate the light 
contrast by imparting the illuminating cur 
rent component to a cooperating transverse 
?eld normal to the electrode rails and per 
pendicular to the are driving ?eld. ' The re 
sulting changes in this cross-magnetic ?eld 
cause the traveling arc tomove out from the 
rail electrodes and into the rail electrodes,‘ 
as the illuminating currents increase or de— 
crease. This anterior-posterior translation 
of the arc causes expansion and contraction 
thereof; the expanding are giving brighter 
illumination. Thus, the reproducing ’ arc 
moves in two directions simultaneously 
along between the rail electrodes to succes 
sively illuminate individual unit areas'and 
out from the rail-electrodes variably to give 
the light contrasts atv each individual unit 
area. 

Referring now to the drawings, Fig. 1 is 
a projected view of an endless. rail screen 
placed along the face of the north pole of a 
magnet and illustrates howthe electro-dy 
namic arc according to this invention is made 
to move and to be self-propagational. 

Fig. 2 is a view of another type of arc screen 
in which the .arc is returned to its starting 
point along a path external to the screen. 

3 

Fig. v3 is a view of an endless arc screen 
formed of spiral electrodes. _ 

Fig. 4 is a view of an arc screen which is 
not of the endless type. The are is'initiated 
at a fore-shortened gap at one end of the 
screen, travels across the screen to the other 
end and is then blown out at the instant that ' 

70 

a new arc is initiated at the fore-shortened ‘I 
gap. , _ 

Fig. 5 is a front view'of an arc screen 
placed in’l'the ?eld of a spherical, coreless - 
solenoid. . 

Fig. 6 is a ‘sectionalviewalong the lines 
‘5-5 of Fig. 5 and illustrates the arrange~ 
,ment of the ?eld windings of the electro 
-magnet around the arc screen. 

Fig. 7 shows schematic circuit arrange 
ments of a combined master transmitter-re‘ 
ceiver and a subscriber transmitter-receiver. 
F ig.‘ 8 shows a synchronizericircuit which 

functions to cause the arcs on the transmitter 
and receiver screens to travel in exact syn 
chronism. 

_ Fig. 9 shows schematic circuit arrange 
ments of a combined master transmitter-re- 
ceiver and a subscriber transmitter-receiver, 
which is. similar to those shown by Fig. 7, ex 
cept that the illuminating components of cur 
rent instead of being super-imposed upon the 
traveling arc act to energize a solenoid, the 
?eld of which is placed normal to the arc 
screen to cause anterior-posterior movement 
of the traveling arc and so accentuate the 
light and shadow contrasts. 
In Fig. 1 the magnet 12 has arranged near 

and parallel to the face 13 of its south seek 
ing pole the arc screen 14:, the electrode rails 
15 and 16 of which, are arranged in parallel 
rows with turning corners at the end of each 
row. The electrode rails are marked + and 
— to indicate their polarity. The lines of 
magnetic flux entering the face of the magnet 
perpendicular thereto are represented by the 
arrow marked “Flux”. On the screen the 
small arrows perpendicular to the electrode 
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rails indicate direction of current flow. The ~ 
small arrows parallel to the electrode rails 
indicate the direction of movement of the 
arc. - 

‘As an arcing potential is applied to the 
arrestor gap 17 across which the rail eleci 
trodes 15 and 16 are bridged, the are being 
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unconstrained will move, according to Flem- _ 
ing’s motor rule, between the top row of elec 
trodes to the right. At the end of the row 
the arc is constrained to turn in a clockwise 
direction by the curved negative electrode. 

120 

and, on its entering into the second row, is 7 
caused to move to the left, due to the fact 
that the polarity of its upper and lower elec 
trodes has been reversed. On tracing the 
movement of the arc, it is seen that it travels 
continuously across the screen along the end 
less rail electrodes. 1 ‘ ' 

In the arc screen’shown by Fig. 2, the arc 

125 

130 



10 

20 

4 1,868 

travelsacross and down the screen and is re 
turned to its starting point along the external 
return path 19. ‘ 
In the arc screen shownby Fig. 3, the elec 

trode rails instead of being placed in parallel 
rows as in Figs. 1 and 2 are placed spirally. 
Of course, any suitable number of spiral con 
volutions may be used. The rails may be 
intermeshed, zigzagged back and forth or 
may take various other paths without depart 
ing from the spirit of the invention. 

Thepscreen housing 20 shown by Figs. 5 
and 6 comprises the arc screen made up of 
the‘ parallel rows of rail electrodes 22' and the 
spherical solenoid 23, the conductor wind 
ings of, which are shown in section in Fig. 6. 
The turning corners of the rows of electrodes 
shown in Fig. 5 are hidden from view by the 
inturned portion of the member 21, which 
member also serves to support the screen. It 
is not necessary that the turning corners be 

" hidden from view, but, for the purpose of ill 
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lustration, it is simpler to show them hidden 
in Fig. 5. The base member 24‘serves to sup 
.port the screen housing 20. The spherical 
solenoid 23 is shown coreless, but it may con 
tain a nickel iron alloy or other magnetic 
metal as a core on one side'of the electrodes 
22, the other side being open to view, or the 
open sidemav be composed of hollow metal 
lic tubing, the screen being visible there, 
through. - I 

, In Fig. 7_ the left hand circuit shows a 
schematic arrangement of a master trans 
mitter-receiver station, according to this 
invention. The scanning screen 44 has the 
endless rail electrodes 24 supported in the 
magnetic ?eld of a spherical solenoid, the. 
windings of which are represented schemat 
ically’by the sin le turn 25, the energizing 
current for the solenoid being supplied by the 
generator 26. The master oscillator 39 con 
tains a thermionic oscillator with its oper 
ating circuits. The oscillator oscillates at a 
frequency the constancy of which is con 

' trolled in the well-lmown manner by‘ the 
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piezo-eleotric clock 38. ‘The master oscil 
lator 39 serves to frame the arc screens and 
supplies at high frequency, voltage impulses, 
or what may be called “piloting impulses” to 
the fore-shortened arrestor ‘gap 27 ' of the 
electrodes 24, through the leads 64 to the 
transformer input winding 29‘,~through the 
output winding 30, through the tuning con 
denser-31, transformer winding 32 and leads 

" 33 and 34. Simultaneously, the generator 35 
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supplies an electro-motive force, or what may 
be called the driving component of the arc, 
‘current, through the leads 33 and 34 to the 
gap 27, this electro-motive ‘force having a 
value sufficient to produce at the gap 27, at 
the»instant a piloting potential di?erence 
supplied by the master oscillator ionizes‘the 
gas between the electrodes 24, an are which 
travels in the magnetic ?eld,‘ as has previously ' 

,avs 

been explained, at a speedz'dependingrupon" 
the electro-motive force and the ?eld ?ux. 
The inductance 36 which is placed in series 
with the generator 35 serves to prevent the 
disruption of the arc. . 
The are travels across the scanning screen 

and illuminates in rapid succession the indi-' 
vidual unit areas of the scene which is to 
be transmitted. The re?ected light from 
the object being scanned by the moving are, 
through the pinhole or lens 122, strikes the 
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photo-cells 37, which cause current changes ' 
proportional to the lights and shadows of 
the object. These current changes are am 
pli?ed through the ampli?er 40, then im 
pressed upon the circuits of the transmitter 
modulator oscillator 41 in the well-known 
manner and then transmitted into space as 
modulations super-imposed upon a radio car 
rier wave. . ' ' 

The piloting impulses from the master 
oscillator 39 are also super-imposed upon the 
transmitted carrier wave. The carrier wave 
with its super-imposed currents is picked up 
byv the receiver 43 of the-subscriber station 
represented by the schematic'circuit connec 
tions shown to the right of Fig. 7. The cur- ‘ 
rents pass from the receiver 43, through the 
pair of leads 46, and into the wave ?lter 47. 
This filter 47 has such electrical characteris 
tics that the illuminating components of the 
current which occur at much higher fre 
quencies than the synchronizing or piloting 
components cannot pass through. 
characteristics are such that frequencies 
above the value of the synchronizing fre 
quencies are eliminated. Such a ?lter is de 
scribed in the U. S. Patent No. 1,227,113 
granted May 22, 1917 , to Campbell. Piloting 
currents are ampli?ed by the ampli?er 45, 
then/‘pass into the transformer input wind 
ing 48, by inductive transfer to the trans 
former output winding .49, through con 
denser 50 and winding 51, through the leads 
52 and 53, to the fore-shortened arrestor ap 
54 of the endless rail electrodes‘ 55 where t ey 

The " 
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ionize the gas molecules in the gap. ' The ' 
electrodes 55 of the receiving screen 56 are 
placed in the ?eld of a spherical solenoid ' 
represented schematically by the single'coil 
57 to which is connected the energizing gen 
erator 58. The generator 59 supplies through 
the inductance 60 and leads 52v and 53 the 
driving component of the arc current in the 
same manner as the generator 35 of the mas-. 
ter transmitter (receiver, the _ operation'of 
which has been explained. The piloting 
components ,of the arc current in both the 
transmitter‘scanning screen 44 and the re 
ceiver screen 56 are thus‘ supplied ‘by the 
same master oscillator‘. The arcs at both the ' 
transmitter vand receiver arrestor gaps are 
initiated by the combined actioh of the pilot 
ing and ‘driving components ofthe are cur 
rents and are thus produced in exact syn 
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ehrony at the arrestor gaps. The arcs once 
initiated in the screens continue to travel 
along the rail electrodes as long as the mag 
netic ?eld and the. driving components are 
maintained. Only the ?rst piloting impulse 
is required to initiate the arc. Since the rail 
electrodes are in shunt to the fore-shortened 
arrestor gap. the arc in motion acts effective 
ly to short-circuit its arrestor gap. The po 
tential, therefore, in each successive piloting _ 
impulse, instead of initiating a new are at 
the fore-shortened gap, takes the path of 
lowest impedance and ?ows across the arc. 
The speed of motion of the arc and the fre 
quency of the piloting impulses originating 
at the master oscillator 39 are so chosen that 
the arc should make one complete circuit of 
the screen and arrive back at the fore-short 
ened gap at the very same instant that the 
piloting impulse arrives there. It may be 
that the are at either the master screen 44 
or the subscriber screen 56 has its speed ad 
vanced or retarded due to some undesired 
in?uence, so that were no provision made to 
control the spped of are movement, the arc 
might arrive at the arrestor gap in advance 
of or'behind the piloting impulse. It is 
necessary that the piloting impulses con 
tinue to be sent out from the master oscilla 
tor 39 and that the arc in.the master screen 
arrive at the fore-shortened gap 27 s'imuh 
taneously therewith, in order that a sub 
scriber station may be started up at any time 

' and its are initiated in synchronism with the 
35 

40 

master arc.‘ The piloting impulses from the-v 
master-oscillator 39 serve to initiate arcs in 
the arc screens when the screens are put into 
service. Once an arc is initiated in a par 
ticular arc screen, the succeeding piloting 
impulses are obviously not required in their 

~ arc initiating functions. These succeeding 
piloting impulses are employed to advance 

_ or retard the arcs as required to cause them 
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to pass the fore-shortened gaps at the correct 
instant. This is accomplished at the master 
station through the medium of the local syn 
chronizer 42 and at the subscriber station 
through the medium'of the local synchro 
nizer 65.. These synchronizers not only act 
to synchronize the arcs as they pass the fore 
shortened gaps 27 at the master station and 
54 at the subscriber station but also act to 
synchronize the arcs at numerous points 
throughout their path as ‘will now be ex 
plained. - 

The master oscillator 39, as has previously 
. been explained, sends out periodically, pilot 
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ing or ionizing impulses, the frequency ‘of 
these. impulses being controlled, ‘for exam 
‘ple, in the well-known manner, by the funda 
mental of the iezo-crystal 38. These pilot 
ing impulses siiould preferably have a wave 
form sharply peaked, although impulses 
having the familiar sine-wave form‘, would 
perform satisfactorily. The master oscil 

5 

later 39 also sends out at spaced intervals. 
between‘ the piloting impulses intermediate 
synchronizing impulses which may be con 
trolled by one of the higher harmonics of the 
piezo-crystal 38. These intermediate syn 
chronizing impulses have a peak voltage 
very much lower than the peak voltage of 
the piloting impulses and cannot act to com 
pletely ionize the gas between the fore-short 
ened arrestor gaps 27 and 54 and sopinitiate 
an arc. The oscillations sent out from the 
master oscillator 39 thus have a wave form 
in which the piloting impulse peaks are sepa 
rated and followed by a plurality of inter 
mediate synchronizer peaks, the latter peaks 
having amplitude much less than the pilot 
ing impulse pea-ks. In the master are screen 
44 the intermediate shunt paths 61 and in 
the subscriber are screen 56 the intermediate 
shunt paths 66 are'positioned and spaced in 
the are paths with respect to the fore-short 
ened gaps 27 and 54 respectively in the exact 
space relation that the intermediate synchro 
nizer impulse peaks from the master oscil 
lator 39 are positioned and timed with re 
spect to the piloting impulse peaks. 
At the vmaster station the oscillations 

made up of the piloting impulses and the in~ 
termediate synchronizing impulses, travel 
through the pair of leads 64 into the syn 
ehronizer 42. The intermediate shunt paths I 
61 and the- foreshortened gap shunt are con-, 
nected in shunt and are connectedto the syn 
chronizer 42 by the pair of leads 63. With 
the arc in motion, as it passes each of the 
shunt paths 61 and. the ,foreshortened gap 
shunt, a portion of the are energy is ab 
sorbed and is fed into the synchronizer 42. 
If the piloting impulses from the master os 
cillator and the energy impulses from the 
fore-shortened gap shunt arrive at the syn 
chronizer 42 at the same time, they balance 
each other out, the are being in its correct 
position at the gap .27. In the same way, 
if the intermediate synchronizer. impulses 
from the master oscillator 39 and the energy 
impulses from the shunt paths 61 arrive at 
the synchronizer 42 at the same time, they 
balance each other out, the are being in its 
correct position at each shunt path. It the 
energy impulses from the master oscillator 
39 do not arrive at the synchronizer 42 at the 
same time as the impulses from the shunt 
paths, the arc speed is obviously too slow or 
too fast. The synchronizing impulses ‘from 
the master oscillator or the shunt path im 
pulses aetuate a work circuit within the syn 
chronizer 42 in the order of their arrival to 
change the current ?ow in the ?eld winding 
25 of the spherical solenoid through energy 
transfer from the synchronizer to speed up 
or slow down the are as required to maintain 
it in its correct position throughout its 
travel. . V ' 

The details of the synchronizer circuits 
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' are shown by Fig. 8, where between the elec 
trode rails 55 are shown a plurality of re 
ceiver electrode shunts 114 and a fore-short 
ened gap 115. The shunts are‘connected to a 

5 common circuit separate from the electrode 
rails, the common circuit being connected in 
turn to the input of the thermionic ampli?er 
70. Therefore, as the arc passes a shunt _or 
probe in its path, a voltage impulse will be im 

lQpressed upon the grid of tube 70. ' The en' 

15 

ergy impulses from the arc shunts actuate 
the thermionic ampli?er 7 0. The synchro 
nizing impulses from the master oscillator 
39 (Fig. 7) actuate the thermionic ampli?er 
71. The resistances 116 and 117 across the 
input circuit of tubes 70 and 71, are of such 

' a value as to equalizethe actuating voltages 

20 

on the tubes when the arc is travelling at its 
proper speed. It is also possible to connect 
the shunts or probes directly to the rails, thus 
permitting the impulses from the master os 
cillator to arrive at both tubes of the syn 

_ chronizer at the same instant, the energy at 
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the shunt then decreasin the voltage on the 
synchronizer tube 7 0. y the proper value 
of the resistances 116 and 117, the absolute 
value of the voltages on tubes 70 "and 7.1 may 
be made equal, the synchronizer circuit op 
erating in the same manner in either case. 
Common to the plate circuits ofthe ampli 
?ers 70 and 711 is the triangular bridge 72 
which is made up of resistances 73, 74 and 75. 
The current‘ in resistance 75 depends in 

direction on whether ampli?er 70 and 71 
operates. The thermionic ampli?er 76 has 
the resistance 75 shunted'across its input 
circuit. Across ‘this output circuit is placed 
the power ampli?er 77. The triangular 
bridge circuit 78 is connected to the output 
circuit of the power ampli?er 77 and is 
made up of the resistances 79, 80 and 81'. 
Since the current in resistance 75 depends in 
direction on whether ampli?er 7 O or ampli 
?er 71 ‘operates, the input potential in the 
ampli?er 7 6 varies accordingly, and the am 

_ pli?ed ‘power in the power ampli?er 77 va 

50 

55 

ries its output current proportionately, feed 
ing into the bridge 78. Accordingly the grid 
of ampli?er 82 becomes positive or negative, 
depending on which signal, that is from the 
arc impulse ampli?er 70 or the master syn 
chronizer impulse ampli?erv 71, arrives at 
the synchronizer , The ampli?er 82 feeds 
increased or decreased currents, as the case 
may be, into the spherical solenoid which ' 

'- supplies the'magnetic ?eld to drive the are 
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screen. If the localsignal impulse appears 
?rst, owing to the arcaccelerating by reason 
of a changed ?eld or a strengthened arc, then ' 
the space current in the thermionic ampli_ 
?er 70 will rise, generating a drop of poten 
tial across resistance 75, making the grid elec 
trode 84 in the thermionic ampli?er 76 posi 
tive. This results in a change-0f potential 
across 79 which produces a di?erent bias 
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upon the grid of ampli?er 82. There is a 
potential drop across the resistances 80 and 
81, making the grid in the ampli?er 70 posi 
tive and the grid in the ampli?er 71 negative 
with respect to ground or the neutral lead 
85. Thus, while the ampli?er 70 with posi 
tive grid is maintained functioning through 
out the signal impulse, the ampli?er 71 with 
negative id is suppressed for the same ‘du 
ration. imilarly, if the master oscillator 
initiates the time signal, in which case the 
traveling. arc is in retardation, the local sta 
tion is suppressed, while the ampli?er 82 acts 
to accelerate the moving arc between the elec— 
trode shunts. - V 

The synchronizing impulses consisting of 
the piloting impulses and the intermediate 
impulses of lower value are transmitted from 
the master oscillator 39 (Fig. 7) to the trans 
mitter modulator oscillator 41 where they 
are superimposed as modulations upon the 
locally generated radio carrier wave. At the 
subscriber station the receiver 43 demodu~ 
lates the signals from the carrier wave. The 
demodulated signals pass along the pair of 
leads 46, into the ?lter 47 where, as has pre 
viously been explained, the illuminating com~ 
ponents are eliminated, into the ampli?er 45 
and then into the receiver synchronizer 65. 
The receiver synchronizer 65 as well'as the 
transmitter synchronizer 42 consists of the 
bridge circuit and the auxiliary ?eld circuit 
shown in detail by Fig. 8. ‘The arcvenerg'y 
impulses from the receiver are shunt paths 
66 and the receiver fore-shortened gap shunt 
are fed into the receiver synchronize!’ 65 
along with the received synchronizing im 
pulses from the master station. The two 
trains of impulses in the order of their ar 
rival at the bridge circuit of the synchronizer . 
actuates the synchronizer work circuit to feed 
increased or decreased currents into the sole 
noid ?eld winding 57 - and thus control the 
speed of the‘ subscriber are in exactly the 
same manner as, as has previously been ex 
plained, the speed of the master arc is con 
trolled. ’ - - 

In Fig. -8 the shunt paths. are designated 
114. These correspond to shunt paths 61 in 
the master screen and to shunt paths 66 in ii i‘ 
the subscriber screen. The fore-shortened 
gap 115 in Fig. 8 corresponds to gaps 27 and 
54. of the master and subscriber screens re 
spectively. ' ' 

By the above described method the arcs 
in the master and subscriber screens are in 
itiated in exact synchrony and are maintained 
1n exact synchrony throughout their travel 
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under thehcontol of the master oscillator 39 ' 
in which not only the. piloting or initiating 
impulses but also the synchronizing impulses _ I 
are originated. I . 

Another satisfactory method of maintain 
ing the master and subscriber. arcs in exact 
synchrony throughout their travel isto have 
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onlythe piloting im- ulses originate at the 
masteroscillator 39 ( ig. 7) and to have the 

‘ impulses from the shunt paths 61 in the 
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master screen transmitted to the synchro 
nizer 65 at the subscriber screen where they 
act to speed up or slow down the receiver 
are in'case it is not travelling in synchronism 
with the master are. When this method is 
employed the synchronizer 42 at the master 
screen 44 is. connected to the gap 27 and is 
not connected to the shunt paths 61. The 
energy impulses from the shunt paths 61 are 
carried by leads 33 and 34 into the transform~ 
a- winding 30, by inductive transfer into 
the transformer winding 29, through leadsr64= 
into the master oscillator 39 where they are 
super-imposed upon the piloting impulses. 
The piloting impulses have a much greater 
amplitude than the shunt path impulses, and, 
at the receiver, the combined synchrony im 
pulses now made up of piloting impulses and 
shunt path impulses actuate the synchronizer 
65 in exactly the same way, as if the shunt 
path impulses orginated at the master os 
cillator 39. ' ' . i 

' Although only two shunt paths have been 
shown in the master and'subscriber screens, 
it should be understood that any desired num 
ber within the limitations of the apparatus 
could be used. 
For the purpose’ of illustration, the syn 

chronizing of the arcs at frequent points in 
the arc paths has been described with ‘the 
speed control accomplished through sthe 
weakening or strengthening of the magnetic 
?eld. The arcs may also be speeded up or 
slowed down as required by control of the 
electro-motive force of the generator supply- , 
ing the driving component of the arc current. 
Instead of using shunt electrodes at- fre 

quently spaced intervals along the arc path, 
one or the other of the rail electrodes between 
which the arc travels may be perforated at 
each synchronizer station, and a photo-elec 
tric cell may be so placed that the light from 

' the traveling arc illuminates it as it passes 
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before the perforation. The current im 
pulses from the photo-electric cells at the 
transmitter and at the receiver screens may 
be fed into the synchronizer, as has been 
previously described in connection with the 
arc shunt impulses. 7 . I - 

The portion of the electrodes-24 (Fig. 7) 
at the master station which ' contain the 
electrode shunts 61 and the fore-shortened 
gap 27 is placed without the border of the 
‘master arc screen 44. Similarly the electrode 
shunts 66' and the fore-shortened gap 54 of. 
the subscriber electrodes 55 are placed outside 
the border of'the subscriber are screen ‘56. 
This arrangement ismade in order that the 

I . current in the piloting and ‘synchronizing 
impulses which are fed into the arc path may 
be superimposed upon the travelling are only 
when it is out of the scanning or reproducing . 
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range. These impulses thus do not inter 
fere in the least with the scanning or repro 
ducing functions of the arc. 
The illuminating components of the trans 

mitted arc current are demodulated from 
the transmitter carrier wave by the receiver, 
43 (Fig. 7) and are passed into the receiver 
ampli?er 87 , into the transformer input 
winding 88; then by inductive ‘transfer to 
the transformer winding 51; then through 
condenser 50, transformer winding 49; leads - 
52 and 53 to the rail electrodes 55. These i'l 
luminating components are superimposed 
upon the traveling arc, and, as has hereto 
fore been explained, there cause variable il 
lumination of the arc in proportion to the 
lights and shadows on the surface of the ob 
ject, the image of-which is being transmitted. 
Demodulation of the illuminating compo 
nents are unnecessary as the modulated car 
rier may be placed directly on the railelec 
trode 55, since the added A. C. energy will 

> vary the brightness of the arc inaccordance 
with the modulation of the carrier. 

It has been previously explained that the 
functions of the transmitter-receiver screens 
may be rapidly alternated. The high fre- . 
quency function oscillator 90, thefrequency 
of which may be controlled by a piezo-elec 
trio crystal, servesrto interchange at the sub 
scriber station the transmitter’receiver func 
tion. At the master station the high fre 
quency function oscillator 120 serves to in 
terchange the transmitter receiver functions _ 

' ‘100 of the master station. ,‘ \ 
When the receiver screen 56 is functioning 

as 1a transmitter, the re?ected light from the 
object being scanned through the pinhole or 
lens 121 strikes the photo-cells 91 arranged 
around, the periphery of the screen 56, which 
cause current variations through the ampli 

.-iier 92 which are transmitted to the transmit 
ter modulator oscillator 93 where the illumi 
nating current components are superimposed 
in the well-known manner upon a locally gen 
erated radio carrier wave. The receiver 94 
at the master station receives he transmitter 
carrier wave from the subseri er station, the 
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illuminating currents are demodulated in the . 
well-known manner and pass into the receiw 
er ampli?er 95, along the ‘pair of leads 96, 
into the transformer input winding 97, ‘by 
inductive transfer into the transformer wind 
ing "32, then through condenser 31, tra'nsé 
former winding 30 and leads 33 and 34 to the 
electrodes 24 at the arrestor gap 27 , where 
they are super-imposed uponthe traveling 
are at the transmitter screen at the instant 
the transmitter screen is serving as receiver 
screen. - . - - . ' 

When the functions of the arc screens are 
rapidly alternated, the eye, owing to 'the 
brightness of the. arc-discharge, retains the 
pictured image during ‘the period that the 
screen is scanning the local object. 
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It is to be understood that these screens 
may be arranged in any position and in the 
case of two-way television, starting gaps are 
positioned in accordancewith the method of 
projecting the received image, that is, wheth 
er the projection is through the pinhole with 
image inversion or directly to a translucent 
screen. 

The tuning condensers 31 at the master 
station and 50 at the subscriber station are for 
the purpose of tuning the arc circuit to a con 
dition of minimum impedance. . 
In Fig. 9 the apparatus and circuit ar 

rangements are identical with those of Fig. 
7, except‘ that the illuminating currents in 
stead of being super-imposed upon the trav 
eling are are made to actuate a coreless sole-_ 
noid which supplies a magnetic ?eld trans 
verse to the ?eld of the are driving solenoid. 
This transverse magnetic ?eld is normal to 
the rows of rail electrodes, and as it is-made' 
stronger 'or weaker by the ?ow of illuminat 
ing currents, it causes anterior and posterior 
movements of the are without interfering 
with its advance movement. As has, pre 

- viously been explained, the arc bows variably 
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out from the rail electrodes in a direction at 
right angles to its normal movement‘to give 
variable light contrasts; the’ illumination be 
ing brighter the more pronounced the bow 
ing. At the subscriber station the illuminat 
ing currents ?ow from the ampli?er 87 into 
the transverse ?eld winding 108. At the 
master station the illuminating currents ?ow 
from the ampli?er 95 into the transverse ?eld 
‘winding 109. 

The illuminating screen may have its rail 
electrodes exposed to the air or they may be 
supported in an‘ evacuated container. It is 
preferred that the electrodes be contained 

' within a glass or other suitable container con 
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‘reason for thisis that a 

taininghelium- or other suitable gases at a 
pressure slightly below' atmospheric. The 

I gas such as helium 
slightly below atmospheric pressure between 
the rail electrodes iomzes more easily and also 
offers less resistance to‘the movement of the 
are. > ' ., 

' The type of rail electrodes shown by‘ Fig. 4 
may be used satisfactorily in the place of the 
endless .rail electrodes which have been used 
to illustrate this invention. With this type 
of electrodes the travelling arc is blown out 
at the horn gaps 141 at one end of the screen, 
at the same instant that another are is ini 

. tiated at the fore-shortened'gap 140. The 

60 

shunt paths 142 may be used to periodically 
synchronize the arc as has been described 
with electrodes of the endless type. 
The travelling arc, according to this in 

vention, may be a very ?ne arc travelling be 
tween closely spaced electrodes or it may be a 
larger are travelling ‘between more .widely 
spaced electrodes. To give the effect of con 
tinuous vision to the eye, the arc may travel 

p 
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at very highspeeds with extreme brightness _ 
or it may travel at slower speeds with less 
brightness. The various factors of arc speed, . 
bri htness and size may be exactly controlled 
as desired through the proper choice of mag 
netic ?eld strength, driving voltage and elec 
trode spacing. ' 

It‘ is realized that the self-luminous are 

70 

screen herein described may be employed in a. 
other apparatus than that used for television, 
and it should be understood that the various 
elements of the invention are not to be limited 
to use in television. 
What is claimed is: 
1. In an illuminating screen comprising an. 

arc path, means for obtaining a magnetic 
?eld in which said path is_located,- and means 
for initiating an arc in said path, said path 
having stationary electrodes directing said 
are along adjacent paths. _ 

2. In an illuminating screen comprising 
stationary rail electrodes, means for obtain 
ing a magnetic ?eld in which said electrodes 
are located, and means for initiating an are 
on said electrodes, said electrodes directing 
said are along adjacent paths. 

3. An illuminating screen comprisin a 
plurality of rows of interconnected e co 
trodes, electromagnetic means for creating a 
ma etic ?eld in which said electrodes are 
positioned, and means for creating an are 
between said electrodes. ‘ 

4. An illuminating screen comprising a 
plurality of rows of electrodes of alternate 
polarity, electromagnetic means for creating 
a local magnetic ?eld around said electrodes, 
and means for creating an are between said 
electrodes. ' _ 

5. The method of producing a moving il 
luminating discharge for scanning an object 
in unit areas, which comprises creating an 
arc in a magnetic ?eld of su?icient strength 
to move said arc, and causing said are to 
transverse a particularized stationary path 
for completely scanning said object in unit 
areas. ' 

6. The method of synchronizing electro-I 
dynamic arcs in a plurality ‘of similar arc 
screens, which comprises simultaneously 
transmitting piloting impulses to said 
screens to ionize the arc path whereby locally 
applied potentials across the arc path pro. 
duce discharges. ' ' 

7. The method of synchronizing a moving‘ 
electro-dynamic are at a transmitter with a 
similar are at a receiver, which comprises 
transmitting from the transmitter a train of 
synchronizing impulses, transmitting a train 
of electrical impulses from the receiver are 
path to denote the passage of the receiver are 
and employing said trains of impulses in the 
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order of their arrival to advance or retard .. 
the movement of the receiver are. . 

8. The method of producing simultaneous 
television transmission and reception, which 130 
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comprises producin with a moving are an 
image to be viewed y the subject and scan 
ning another object for transmission with 
said are. 

9. A luminous screen comprising a .gas 
?lled envelope containing stationary .rail 
electrodes, means for creating an arc between 
said electrodes, and means for obtaining a 
magnetic ‘?eld in which said electrodes are 
positioned for creating a driving force on 
said arc, said electrodes directing said are 
along adjacent paths._ 

10. In a luminous screen of stationary elec 
trode rails, an arc path formed by said rails 
having a particularizedw con?guration, means 
form-eating an arc on said rails, means for 
creating a magnetic ?eld surrounding said _ 
are for driving it along said electrode rails, 
and ‘means controlled by said are for regu~ 
lating its speed of movement. 

'11. A two-way television system compris 
ing at each end a luminous screen having sta 
tionary electrode rails forming adjacent 
paths, means for creating magnetic ?elds 
around said electrode rails having compar 
able strengths, means connecting said 

' screens, means for scanning an object by one 

C) 
past said point. 

of said screens, means for receiving a pic 
ture of said scanned object on the other of 
said screens, and means for changing the 
function of each screen simultaneously. 

12. Electrical apparatus comprising rail 
electrodes means for creating a magnetic ?eld 
surrounding said electrodes, means for pro 
ducinga moving are between said electrodes, 
and means controlled by said arc'for trans 
mitting a signal from a point in its path be 
tween said electrodes to denote its vpassage 

13. In a television system, a ‘transmitter 
scanning screen employing an electrody 
namic arc in a magnetic ?eld, means for initi 
ating a continuous arc in said screen at a de? 
n'ite position, means for propagating said arc 

» over continuous electrodes in said screen, 
means for impressing periodic impulses on 
said screen- in a time-space relationship with 
respect to said are on said electrodes, and 
means for controlling-the space relationship 
of said are in said screen to conform with the 
time of impression of said impulses thereon, 

14. In a television system, a transmitting 
screenhaving a plurality of electrodes means 
for initiatingan are on said‘ electrodes. and 
propagating said are thereover at a rate to 
cause said screen to appear as a solid-illumi 
‘nated ?eld, means for absorbing energy from 

I said arc at spaced intervals along said elec 

C3 
trodes, and means for utilizing said energy 
to control the speed of propagatlon of said 

. are over said electrodes. 

15. In a television system, a transmittin 
screen, and a receiving screen, both'of sai 
screens comprising stationary electrode rails, 
means for propagating arcs along the rails 
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of both of said screens at a rate su?icient to 
cause said screens to appear as solid illumi 
nated ?elds, means for projecting light from 
one of said arcs successively over unit areas 
of an object to be scanned, a photoelectric cell 
for obtaining current variations character 
ized bythe varying densities of light and 
shade in said object, means for transmitting 
said current variations to said second screen, 
and means in said second screen for varying 
the illumination thereof proportionally to 
the variation in currents from said photoelec 
tric cell. ' . 

16. In a television system, a plurality oi 
illumination screens comprising stationary 
electrode rails located in magnetic ?elds, and 
an oscillator circuit for generating an are 
producing voltages on said rails in veach of 
said screens, said oscillators also producing 
impulses for controlling the speed ofsaid are 
along said rails. ' . 

'17. In a television system, a transmitter 
scanning screen having stationary electrodes 
and employing an electrodynamic arcin a 
magnetic ?eld, means for detecting varying 
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intensities of light and shade of an object, a ‘ 
receiving screen employing a similar electro 
magnetic arc in a magnetic ?eld, means for 
transmitting said photocell currents to said 
receiving screen, and means at'said receiving 
screen for modulating said are in accordance 
“with said photoelectric currents. 

18. A television system in accordance With 
claim 17 ,, in which said modulating means 

’ include a quadrature magnetic ?eld for mov 
ing said are anteriorly and posteriorly with 
respect to a plane parallel to said screen. 

19“ ‘In a television system, a transmitting 
- screen having a plurality of alternately po 
larized electrodes, means for initiating an are 
between said electrodes and for propagating 
said are thereover, means associated with 
said screen vfor detecting varying intensities 
of light and shade of an object, and a similar 
receiving screen including a quadrature ?eld 
for bowing said are perpendicularly to its line 
of travel, said quadrature ?eld being con 
trolled by currents characterized by the light 
and shade intensities of said object. 

20. In a television system, a transmitting 
‘screen having a plurality of electrodes, means 
for initiating an are on said electrodes and 
propagating said are thereover, a similar re 
ceiving screen, means at both of said screens 
for absorbing energy from said are at spaced 
intervals along said electrodes, and means 
associated with both of said screens for utiliz 
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ing said energy to synchronize the speed ‘ 
of propagationof the arcs over both of said 
sets of electrodes. .~ 

21. In a television system,-a transmitting 
screen comprising a plurality of electrodes, a 
similar receivng screen, means for initiating 
an arc on ‘both of said screens and propagat 
ing said are thereover, means for synchroniz 180 
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ing said arcs, means for producing arcs hav 
ing invisible light of a constant intensity for _ 
scanning objects at both of said screens, said . 
arcs also projectin visible light, and means 
associated with eac of said arcs for varying 

‘ said visible light in accordance with the li ht 
and shade intensities of objects at the ot er * 
of said arcs. _ 4 ' 

22. In a television system, a set of elec 
trodes, means for creating a magnetic ?eld 
around said electrodes, a source of potential 
for initiating an are between saidelectrodes, 
said are being propagated along said elec 
trodes by said'?eld, a plurality of photocells 

15 adapted to receive light from said are at cer 
tain intervals during its propagation along 
said electrodes, and ‘means connected to the‘ 
outputs of said photocells to operate a work 
circuit in accordance with the speed of prop 

m agation of said are. _ ' . 
' 23. In a television system, a set of elec 
trodes, means for obtaining a magnetic ?eld 
surrounding said electrodes, a potential sup 
ply for polarizing said electrodes and in, 

15 itiating an arc therebetween, said are being 
driven along said electrodes by said magnetic» 
?eld, a plurality of openings at intervals 
along said electrodes, a corresponding plu 
rality of photoelectric cells positioned op 

'9 posite said openings adapted to be activated 
by light from said are, and means connected - 
to the output of said photoelectric cells for 
operating a work circuit in accordance with 
the speed of said are along said electrodes. 

85 24. In. a television system, a set of elec» 
trodes, means ‘for obtaining a magnetic ?eld 
surrounding said electrodes, a'potential sup 
ply for polarizing said electrodes and .in'itiat 
ing an arc therebetween, said are being driven 

a, along said electrodes by said magnetic ?eld, 
a plurality of. openings at intervals along 
said electrodes ,a plurality of photoelectric 
cells positioned to receive light from said are, 
and means?or vutilizing the impulses from 

,1; said photoelectric cells to control the speed ‘ 
of said are along said electrodes. 
In testimony whereof, I have signed my 

name to this speci?cation this 25th day of 
September, 1929. , _ 

5. ALEXANDER MOLEAN NICOLSON. 


