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10 Claims.

My invention relates to a novel apparatus for
and method of signalling system, and more par-

ticularly to a picture transmission system adapt- -

able for television; that is, capable of reproducing
images at such a rate that a continuous moving
image is obtained.

Heretofore, television systems have, in general,
utilized a single frequency channel on which are
superimposed modulations corresponding to the
light intensity of successive series of image ele-
ments to be transmitted. For television, the
complete scanning of the image must be accom-
plished within about one-fifteenth of a second.
To obtain a clear image, such as a face, at least
2500 points on the image must be scanned.
Accordingly, even where the least amount of de-
tail will suffice, the transmitting channel is
modulated at a frequency of at least 2,500 times
15 or 37,500.

Such a high modulating frequency is generally
expressed in terms of a wide side band range;
that is, it is found that on account of the high
frequency of modulation, the resulting side band
frequencies cover a range of from 40 to 50 kilo-
cycles and often much more.

The present broadcasting stations are each
assigned to a frequency range covering only ten
kilocycles; that is to say, each station is assigned
a carrier wave which is separated ten kilocycles
from the next succeeding assigned carrier wave.
Accordingly, a single television station operating
with side bands of at least forty kilocycles would
require at least four different broadcasting chan-
nels. In view of the limited channels gvailable,

. however, and the wide demand for these, there is

little likelihood that many television stations will
be granted so wide and numerous broadcasting
channels for their broadeasting purposes.

Accordingly, an object of my invention is to
provide means for reducing the frequency band
necessary in a television system.

A further object of my invention is to provide
means for transmitting more elements of a tele-
vision image over a single television channel.

A further difficulty of the wide frequericy band
of forty kilocycles necessary for television here-
tofore has been the tuning of the receiving sys-
tem. Radio receiving circuits -include receiving
circuits which are relatively sharply tuned to a

particular carrier frequency of the system.-

Those picture signals therefore, which are near
the end of the end of the forty kilocycle bands
are necessarily distorted due to.the fact that the
receiver circuit is tuned to receive signals which
are twenty kilocycles away. Heretofore, an at-

(CL 178—6)

tempt has béen made to avoid this condition by
assigning very short waves to.the television sys-
tems. As will be evident, in the short wave range
the forty or fifty kilocycles side bands represent
a relatively small percentage of the high fre-
quency carrier as compared to the percentage
difference where the carrier frequency is lower.
This arrangement, however, has the disadvantage
that television broadcasting is thereby confined
to a range of frequencies subject to strong fading
and consequently to considerable distortion.

10

Accordingly, a further object of my invention -

is to provide means for eliminating distortion of
the television signals.

A further object of my invention is to provide
means for reducing the modulating range of theo
carrier.

Still a furt.her object of my invention is to

substitute a variable operating frequency over a’

full assigned frequency range of stations instead
of modulating the single carrier in accordance
with the picture signals to be transmitted.

A further problem in television is the synchro-
nization of the transmitting and receiving send-
.ing elements. As will be evident, at the ex-
tremely high speed of signalling necessary for

- television, it becomes increasingly difficult to pre-
vent slight changes in the speed of operation of
either the receiving or transmitting sending ele-
ments and results in distortion of the received
signals.

Accordingly, a still further object of my in-
vention is to provide a television system which
will operate without requiring any synchroniza-
tion.
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According to my invention, I propose to con- -

tinually change the operating or carrier frequency
over the full range of 40 or 50 kilocycles during
each transmission period of the image; that is,
in the case of television during /10 or /15 of a
second. This change is continuous, as the scan-
ning of the image progresses, in such a way that
each element of the image as it is being scanned
-will be transmitted at a definife or individual
frequency different from all other points. It is
evident, therefore, that at the receiving end it
will only be necessary to tune in separately for
each received point to its own particular fre-
quency to secure perfect registration without any
special means for synchronization.
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Moreover, both at the -transmitting and re-

ceiving end, much sharper tuning will be possible
since the amplitude modulation at each fre-
quency will not change as rapidly as with the past
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- system, but only at the rate at which the trans-

mitted object changes its conflguration.

A further object of my system is, therefore, to.

provide a definite operating frequency for each
point of an image transmitted.

Still a further object of my invention is to
provide means for varying the frequency over the
assigned frequency range during the scanning
peiiod.

Another object of my invention is to provide
receiving means in which each point of the re-
celved image has its own definite tuned fre-
quency.

Still another objeét is to utilize. individual glow
discharge tubes with individual tuning elements
at each point of the receiving screens and to pro-
vide the necessary voltage bias, and also the fre-
quency adjusting means.

Still a further object of my invention is to pro-
vide a novel signalling system in which code com-
binsation of signalling systems may be transmitted
without requiring synchronization of transmitting
and receiving apparatus.

Still a further object of my invention is to pro-
vide a novel code system for signalling systems.
. In one embodiment of my system, I sub-divide
the transmitted image into a number of sections.
To each section I assign a varying frequency
channel. Thus, a number of picture points can be
transmitted simultaneously, each of said frequen-

" ¢y channels passing through the full range of the
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assigned frequencies, but at staggered periods of
time. By this arrangement, I sub-divide the
scanned image into sections, the corresponding
points of each section being scanned simuita-
neously.

Accordingly, a further obiect of my invention
is to provide means for varying the frequencies
in each of the above channels simultaneously, but
in staggered relation. }

Still a further object of my invention is to pro-
vide a receiving system with several frequency
channels, each of them going through the same
frequency variations as the sending channels.

Still another object of my invention is to syn-
chronize these variable frequency channels with
the sending channels.

A further object of my invention is to provide
a novel type of band or disc scanner which scans
several points of an image simultaneously.

" A further object of my invention is to provide

‘a receiving screen with several sections simul-
‘taneously operated.

In the drawings, Figure 1 is a diagrammatic il-
lustration of the general arrangement of a trans-
mitting system, in accordance with my invention.

Figure 2 is a diagrammatic representation of
the variation of frequency with time in my
system.

Figure 3 shows an a,rrangement of variable con-
denser by means of which I can accomplish the
desired variation of frequency.

Figure 4 is a modification of such a variable
condenser.

Figure 5 is an arrangement in which double
scanning is carried out during each revolution and
a suitable condenser arrangement is provided for
varying the frequency back and forth during this
double period.

Figure 6 represents the preferred arrangement
of a receiving system.

Figure 7 shows an element of the receiving
screen with an individual adjustable tuned cir-
cuit.

Pigure 8 shows how a glow discharge tube may

2,066,048

be biased in order to give proper illuminating
values, in accordance with the signals trans-
mitted.

Figure 9 is a diagram of connections to accom-

~ plish this biasing. .
Figure 10 is a modification of a receiving system :

where the points of the received screens are tuned
to the transmitted frequencies by vlrtue of stand-
ing waves in a wave coil.

Figure 11 represents diagrammatically the du-

ration of time and the voltages where illumina-.

tion will take place.

Figure 12 is an alternative arrangement of
scanning in which individual lines are scanned in
opposite directions.

Figure 13 represents the same arrangement
from the side, illustrating the double scanning
disc and the path of light therethrough.

Figure 14 represents a receiving screen con-
sisting of lecher wires in a glow discharge tube
arranged to operate with the transmission scan-
ner as in Figures 12 and 13.

Pigure 15 represents a modification of my
transmitting system, in which a number of fre-
quency channels are transmitted simultaneously.

Figure 16 represents the same system, but illus-
trates the connections of the photoelectric cells

- with the transmitting circuits.

Figure 17 represents in detail the scanning
band suitable for this system.

Figure 18 is an alternative arrangement which
shows a scanning disc suitable for this system.

Figure 19 represents the frequency and time re-

lation of the different channels in thls modified .

system.
Figure 20 represents the receiving arrange-
ment to be utilized with this modified system.
Figure 21 is a chart illustrating a three chan-
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nel system suitable for transmission of colored

images.

Figure 22 is a circult diagram of the trans-
mitter for a three channel system for colored
images.

Figure 23 is a circuit diagram of the receiver
for a three channel system for colored images.

Figure 24 is a multi-channel system for simul-

‘taneous scanning of full image on each channel.

Figure 25 is a diagrammatic illustration of
the arrangement of scanning bands in a sys-
tem such as shown in Figure 24.

Figure 25A to 29B are curves showing the
shape of picture currents, resultant modulated
waves, and the curves derived from the sharply
tuned receiving systems.

Referring now to Figure ‘1, I show a scanning
disc | which, by means of the spiral arrangement

-of holes, moves a beam from the source of light

2 through lens 3 to scan an image or subject 4
in the usual manner. The varying intensities of
the light shades reflected from the subject 4 are
impinged upon the photoelectric cell § in the
usual manner.

Photoelectric cell § translates these varylng
intensities of light rays into electrical impuises
which are amplified at 6 and transmitted: by
transmitter or radio sending apparatus 1.

Sending apparatus 7 is connected to a tuning '

circuit consisting of an inductance 8, condenser
9, and a small variable condenser (0., ' The ro-
tating plates of variable condenser :}0 are -con-

nected to the shaft 10’ on which scanning disc

i is mounted for rotation. ‘The. shaft 10’ is
driven by motor fl. In this manner, the ca-
pacity of condenser is varied in timed relation
with the picture scanning by disc f. As the ca-
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pacity of condenser 10 is changed, the wave
length of the transmitter 7 is changed corre-
spondingly, since condenser 10 forms part of the
tuning circuit of the transmitting circuit 7.

As the scanning disc | rotates;each of the
perforated openings in the disc | scans a pre-
determined portion of the subject or image &
and for each complete rotation of the disc 1, the
image 4 will be completely scanned. A beam of

light from the source 2, as it is moved over the

image & by the disc {, is reflected and impinged

“on the photoelectric cell § in any well known

manner. The current flow from the photoeléc-
tric cell § is -accordingly varied in accordance
with the light reflected from various points of
the image 4. -

Figure 2 shows diagrammatically the curves
of frequency obtained, as a result of which, a
frequency variation ranging from a value of f

kilocycles to a value of f+40 kilocycles over a

pericd of % of a second is obtained. This va-
riation is shown as & straight line giving the
same separation of frequencies for all consecu-
tive points. By suitably ‘changing the design of
the frequency varying means any other type of

- frequency variation may be secured.

. 30

Figure 3 shows one possible arrangement of a

variable condenser to accomplish the necessary -

result. In this case, a cam CM rotating around
the pivot Pl is driven by motor {f{. A lever L
is provided with a follower which rides on the
cam CM by action of the spring S. Lever L is
pivoted at P2 and is connected by an arm S’

" to the variable plates of a variable condenser

.35,
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CN. As the cam CM rotates, lever L varies the
capacity of.condenser CN through a cycle which
is repeated for each revolution.

Figure 4 shows an alternative arrangement,
wherein 2 fixed condenser plate C! cooperates
with a rotating condenser plate C2 imr such a
way that the overlapping areas between these
two plates will vary as the rotation proceeds.
It is evident that in Figure 3 or in Figure 4, the
shape of the cam or of the rotating condenser
plates can be designed to give any desired varia-
tion of frequency in the oscillating circuit.

In Figure 5 I have shown an alternative ar-
rangement of scanning where the series of scan-
ning ‘points is repeated twice during the revolu-
tion in opposite sense and in that case a variable
condenser of usual type may be utilized.

T have shown in Figure 6 a receiving circuit
with an antenna 12, an amplifier {3, and a
broadly resonant circuit consisting of resistance
28, inductance 29, and condenser 3@, which sup-
plies its energy to a bank of sharply resonant
circuits 32, each one of which is connected to its

.own glow. discharge-element of any well con--

struction. Each one of these sharply tuned
circuits 32 is tuned to a predetermined fre-

quency corresponding to the frequency which’

ijs transmitted when the scanning disc | of
Figure 1 illuminates a corresponding point on
the transmitting image. Thus, the glow lamp 3!
connected to the tuned circuit 32 will glow only
4t the instant when the corresponding element
on the transmitted image is being transmitted
at this particular frequency.

Since each tuned circuit 32 corresponds to
one definite point on the picture to be trans-
mitted and one definite frequency, this circuit
will respond only when that particular point is
being scanned and when that definite frequency

- is being transmitted; that is, once during every

tenth _or'sixteenth of a second.

3

Inasmuch as the amount of enérgy which can

- be applied to such a circuit may be considerable

and as a glow discharge of small size absorbs
only little energy, .it is possible to extend the

‘period of illumination of each glow discharge

tube to be a considerable portion of the scan-

ning period, as explained hereinafter in con-

nection with Figures 25 to 29. This assists the
persistency of vision and also gives a larger

average intensity of illumination as compared:

with the present systems where each point of
the receiving screen is illuminated only during
an extremely small fraction of a second equal
to the scanning interval for any -one point.
In Figure 7, I have illustrated a possible ar-
rangement of the sharply tuned circuit 32 in com-

_bination with the glow discharge element. It con-

sists of a glow discharge tube 33 and a casing 34,
preferably of metal, in which is located a small
inductance coil 35 and an adjustable condenser
36. The bottom plate of this condenser is shown
to be supported on an adjustable screw stem 37
in a nut 38. Stem 37 extends to the outside of
the casing 34 and is.connected to any suitable
member, such as a knob 37, for rotating the stem.

In Figure 8 I have shown a curve showing the

voltage oa to which each of the glow discharge

tubes should be biased so as to be just near the
ignition point. By normally biasing the tube
just near the ignition point, any additional volt-
age ac applied to the glow discharge tube will

‘result in emission of light L which will be pro-

portional over a certain range to the voltage ap-
plied. '

In Figure 9 I have shown one way in which such 3

a bias may be applied by means of a battery 39
shunted by a condenser 40. The remaining ele-
ments of this fizure are like those shown in Figure
7. Although a battery bias is shown in this figure,
a bias may be obtained by means of the unmodu-
lated portion of the carrier wave.

The biasing arrangement of the tube permits
the glow discliarge to respond fo minute values
of transmitted signal. Of course, it is evident
that such a biasing may be obtained by other
means than a direct current battery; such, for
example, as some other local supply of direct or
alternating voltage, or it may be the unmodulated
carrier of the transmitted signal. As illustrated
in Figure 6, individual tubes for each tuned cir-
cuit may be provided, or alternatively individual
electrodes in a common tube may be used. In
either case, these electrodes or tubes will be ar-
ranged to illuminate a screen of suitable size in
a manner to correspond to the transmitted
voints; that is, the circuit connected to each of
the tubes is tuned to the frequency of the point

‘on the transmitted image having the same rela

tive location. :

Figure 10 shows a receiving arrangement with
an antenna 12, a receiving set 13, and a wave coil
screen 14, which comprises a section indicated by
G which may be located within an attenuated
gaseous atmosphere so that the voltage nodes on
the wave coil will produce luminous sections.
Each nodal point, such as N—I or N—2 is in-
dividual to a predetermined frequency and may
therefore correspond to each position of the image
to be transmitted. It is evident that in this case,
as in the case of Figure 6, no synchronizing ele-
ments are necessary.

I have shown in Figure 11 diagrammadtically by
means of vectorial curve A—A’, the voltage rela-
tions during each cycle at any one of the nodal
points. The circle 20 indicates the ignition values

1

20

30

40

o0

60

70

.15,




B

10

20

30

40

4

of the glow discharge. It will be seen that the

ignition will occur at intersecting points 6 and
{1, while the extinction will occur at points I8
and 19, Since, in this case, the duration of the
illumination at each nodal point will depend to a
large extent on the magnitude of the operating
voltage, it will be necessary to operate the device

-with a definite minimum or bias voltage; that is,

for the ignition voltage as represented by circle
20, the area above the circle 20 which is not
shaded will represent the amount of {llumination
at the receiver which can be secured for such a
voltage and its duration is from 16 to 18 and (7 to
18. It is evident, of course, that if the operating
voltage is Increased, as fllustrated by the circles
B--B’, the illumination ‘is proportional to the
area above the circle 20 and it will be consider-
ably increased approximately in proportion to the
square of the value of voltage, thus giving a
brighter recorded point. The minimum or bias
voltage may be in this case the unmodulated por-
tion of the carrier wave. .

Figure 14 shows an alternative arrangement in
which the wave coil is replaced by straight wires
in a zigzag tube, in which case short waves may

be employed to produce the nodes and the scan--

ning discs must be arranged as in Figures 12 and
13; that is, it is necessary to have two scanning
discs rotating in opposite directions which will
scan the image in successively opposite directions.
Thus, when the scanning disc 25 of Figure 12 has
a hole 25a opposite the source of light 26, the

'scanning disc 27 will have g slot 27a. Therefore,

the scanning will be clockwise, while at the next
instant the disc 25 will have a slot 25¢ opposite
the source of light, while the disc 27 will have a
hole 27c and the scanning will be in the opposite
direction.

The system employing wave coils or parallel
wires has the advantage of simplicity, but the

+ disadvantage that the nodal points are not suf-
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ficiently sharp and the adjacent areas close to
the brilliant spots will be correspondingly af-
fected. This disadvantage is not found in the
system of Pigure 6, )

It is important to realize that the operation of
the system cannot be explained in the usual terms,
such as frequency or amplitude modulation with
application of the mathematical conclusions based

on frequency analysis,.side band response and .

similar considerations commonly used in analyz-
ing the sending and receiving circuit conditions
for radio frequency telephone transmission or
television transmission on g radio carrier wave
where the ordinary type of amplitude modulation
is used.

To illustrate this clearly, consider a television -

system in accordance with my invention wherein
the frequency is changed during the cycle of
second between the limits of 1,020,000 and 980,000

cycles, which will correspond to the usual tele-

vision broadcasting range of 40 kilocycles. As-
suming that the system is designed for 2,500 scan-
ning points, in accordance with my system, each
scanning point will be distinguished by a resonant
circuit with a frequency separated by 16 cycles
from the adjacent scanning points. On the other

hand, with 2,500 scanning points in v second the

scanning points will succeed each other at time
intervals of 1/40,000 second. Thus, taking an

. average frequency of 1,000,000 cycles, we would

75

have the scanning points following each other at
intervals of 25 cycles of the 1,000,000 carrier.
Consider two extreme types of pictures illus-

2,066,048 L I
" trated by Figures 25A and 25B respectively. 25A -

shows a magnification of a picture in which light .

.. and dark spots follow each other at intervals of "

‘one scanning point. - 235B shows & single light
scanning spot on a black line being scanned.

I have shown in Pigure 26A the corresponding -

modulateq carrier wave with pulses of oscillations’

following each other at approximately 50-cycle

intervals and corresponding to the light scanned

points. The corresponding pulses have at their

10 -

maximum points the operating frequencies of =~

scanned spot in between.

I have shown in Figure 27A a resonant curve '

of one particular receiving.device on the same
scale as 25A with regard to the carrier frequencies.
The curve a’'—a—b—b’ represents the envelope

of the modulated carrier of 26A. At this point,

the distinction between the ordinary carrier ‘wave
modulated at 40,000 cycles and the carrier wave
with a frequency varying in accordance with my
inventfon and modulated in amplitude at ‘the same

time, will become apparent.  Thus, if the carrier:

frequency remains constant, the response to this
carrier will be in accordance with curve C;

that is, constant during the whole period, and

the envelope of received signals would be {n ac-

* 1,000,033, 1,000,000 and 999,968, corresponding to . - »
the . interval of -two light spots with a black

25

cordance with Figure:28A, the oscillations build- -

Ing up during each pulse and dying out to a cer--
tain extent In between these pulses. :

This explanation is evidently independent of
any theory of side bands but merely shows that an
amplitude modulated carrier on a resonant cir-
cuit will result in a response modulated in ampli-
tude but at a constant frequency. Of course, the
degree of modulation in the receiving circuit will
depend on the inherent damping of the responsive
system. Thus, if this inherent damping is ex-
tremely low, the modulation will be of small ampli-
tude and may have to be amplified by some
special means.

This corresponds in effect to the system known
at the present time as the Stenode system, where
the responsive circuit is arranged to have ex-
tremely sharp tuning characteristics, in fact, tun-
ing characteristics which do not include any of
the side bands. The above explanation will show
why such a system will nevertheless reproduce
the modulations. , '

Referring again to the system in accordance
with my invention, I have shown at D the re-
sponse characteristics of the receiving circuit of
the individual scanning point of 1,000,000 cycles,
as illustrated for example in Figures 7 and 9. It
is evident now that during the time that the

- modulated carrier with the envelope a’—a is

entering into this circuit, the response is incom-
plete, since the average frequency is 1,000,032 and
would have an average value of di. This would
result in a pulse in the receiving circuit corre-
sponding to Figure 29A (the section marked. e’
to ¢). During the next pulse marked as a—b on
Figure 27A, this pulse, being at the resonant fre-

quency of 1,000,000 cycles on the average, will,

have a response amplitude of dz and result in
a pulse in the receiving circuit illustrated by the

section e—f of Figure 29A. Moreover, this oscil--

lation will not die out at point f immediately but

with a slight damping of the resonating system-
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will continue with a slow decrement, possibly for
the full length of vy second until the next pulse
of 1,000,000 cycles will be applied. Following this

comes the pulse illustrated as b—b’ on Figure

'2TA and corresponding to the average frequency
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of 999,968. It will also have a low response
amplitude such as ds and will result in a slight
hump, as illustrated at /—f’ on the high ampli-
tude oscillation commenced during ' the period

e—f, as illustrated in Figure 29A.

- Tt is also evident that if the 1,000,000 cycle pulse

- during the period a—b Is of a low amplitude,

then the response oscillation e—f is also relatively
small. On.the other hand, the amplitude of the
preceding and succeeding pulse A'—a and b—b’
will have small effect. C _

"I have illustrated in Figure 26B the high fre-
duency oscillation corresponding to a light spot
on & dark line of Fig. 25B and in Figure 27B {he

"response characteristic D of the receiving system

and the envelope of the single pulse a—b.
Figure 29B illustrates the pulse in the receiving

circuit built up by a—b. Its average amplitude,
as can readily be seen, will be practically the same

as the pulse built up in Figure 20A. Thus, if i3
evident that the illumination of the points ahead

practically no effect on the response of the re-
ceiving system tuned to the 1,000,000 cycles. and
the same applies, of course, throughout the re-
ceiving screen consisting of a number of indi-
vidual elements similar to the one shown in Fig-
ure 6. . -

Tn the above described system, each point is~

given only a very short instant for transmission
and, therefore, the receiving circuit must be ex~
tremely sharply tuned. In another embodiment
of my invention, a number of variable frequencies
are transmitted simultaneously, each one of these

frequencies passing through the complete fre- -

quency range but being at any instant of a dif-
ferent value from any of the others. It,therefore,
becomes equivalent to a number of Irequency
channels transmitted simultaneously, each one

of said channels passing through the full range '

of frequencies. This is illustrated diagrammati-
cally in Figure 19 where six frequency. ranges are
shown to vary through the full cycle in fsth of 2
second, (but the beginning of each cycle; that is,

5 theinstant of say, minimum frequency, is different

for each channel). At any instant £ there will be
six operating frequencies as shown fi, fa ... fe.

Figure 15 illustrates one possible arrangement
for transmitting apparatus utilizing this multiple
channel in which the picture is divided into as
many sections as there are frequency channels,
each frequency channel covering only its sections.
I have shown in this figure, bellows 40 with one
side cut away to make visible a projection of the

-object to be transmitted 41 on a fransparent or

translucent screen 42, by means of a lens 43 sim-
flar to a photographic apparatus. Back of the
screen &2 there are located a series of horizontal
photoelectric cells 44, each one extending the
full length of the screen. In front of the photo-
electric cells, I have placed' a scanning band 45
which is shown in detail in Figure 17 and which

- may be arranged with as many sets of scanning

holes 41, 48, and so forth, as there are simultane-
ous transmitting channels. As shown in Figure
17, there are six of such sets, corresponding to

six photoelectric cells and six simultaneous chan-

nels. .

These holes, #1, 41" for any one channel follow
each other but shghtly displaced as the band
rotates with a distance between them equal to
the width of the image transmitted. Consecutive
sets may begin the scanning of each section at
staggered time intervals to coincide with, say,
the minimum value of the channel frequency of

‘ S

the corresponding channel. The scanning band
may be continuous, as illustrated in Figure 15,
propelled by motor 46, the same motor also driv-
ing a set of variable condensers Ci, C2, C3, and so
forth, arranged in different and consecutive phase
relation of its plates, so that each one of these
condensers passes through its maximum capacity
at different instants. ) ’
Figure 16 illustrates the manner in which the
photoelectric cells may be connected to a trans-
mitting equipment. I have shown a separate am-
plifier Af, A2, A3 and so forth, for each one of

the photoelectric cells, each cell being individual .

to a predetermined section of the picture. The
output of each of these amplifiers is connected
to modulate its own oscillator, not shown in de-
tail but which may be of any known type, for in-
stance, vacuum tube oscillators, comprising con-
trol- oscillatory  circuit OI, O2, O3 including
the above mentioned variable condensers ClI,
C2, C3 driven by motor 46. These control cir-
cuits influence through further amplifiers Al, A2,
A3, the transmitter set, all of theselatter amplifiers
being connected in parallel to the transmitter T.

I have now shown in detail how the control eir- .

cuits Of, 02, and so forth, control the trans- -

mitter set as thig is well known in the art.
‘Figure 18 shows an alternative arrangement of
the usual type of scanning disc with a centre at

. 49 but with a multiplicity of set of holes to give

them multiple scanning. Each set of holes begins

at a different radius and follows a separate spiral. -

The first holes of each set are preferably in a
staggered circumferential position corresponding
to the minimum frequency so that each section
can be easily checked with regard to relation of
frequency to the position of any one poing
scanned. ) .

Figure 20 illustrates the arrangement of .4 ré-
ceiving circuit, suitable for this type of trans-
mission, It is seen in this case that a broadly
tuned receiver R supplies received. energy in par-
ellel- to a number of variably tuned receiving

- circuits Ri, R2, R3, and so forth, each one

of which includes variable condensers CIR, C2R,
C3R, and so forth, arranged in exactly the same
phase relation as Ci, C2, and C3
16) and operated by a motor M which Is syn-
chronous with motor 46. The synchronization

may be effected by any well-known means, for 5

instance, by a synchronizing device S which is
connected to one of the variably tuned circuits

R-—1{ and will operate dependent on the extreme

frequencies which are transmitted over this par-

ticular receiving circuit. Such synchronizing de- -

vices are well known in the art, but any other
type may also be used.

The tuned receiving circuits are connected to
additional amplifiers AIR, A2R, A3R. Each of
said amplifiers is then connected to.a bank of

identical to those illustrated in Figures 7, 8, and
9. Each bank, however, will include only as
many eclements as there are picture elements

. transmitted through its own corresponding chan-

nel. Thus, for photoelectric cell 44 operating
through amplifier - Al, oscillating control Cl,
the frequency channel Fl, variable receiving
circuit RI, amplifier A{R, there will be a set

(Figure -

60 .

‘lamps with sharply tuned circuits, which are

of glow discharge lamps Gii, Gi2, GI3, each one

tuned to its own particular frequency and ar-
ranged to correspond to as many horizontal lines
as can be scanned by cne photoelectric cell 44.

It will b_e seen now thaf although a number of 75
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frequency bands are transmitted simultaneously
each one of the variable receivers R—1, R—2, R—3
will tune only to its own variable channel and,
therefore, the bank of lamps which is connected to
this variable receiver will be illuminated only in
correspondence to the picture elements which are
transmitted by this one channel. Thus, the
sharpness of tuning of the individual receiving
lamps can be broadened by a multiple equal to
the number of channels utilized, or else with the
same sharpness of tuning the number of scanning

points is multiplied by the number of channels

used. - .

While I have shown in Figures 15 to 20 a meth-
od of picture transmission utilizing a number of
frequency channels simultaneously, each one
scanning a certain section of the picture, it is
also possible to arrange so that each one of the
frequency channels scans the whole of the pic-
ture. I have illustrated such methods of picture
transmission in Figures 21 to 25. Such a multiple
channel transmission may be utilized, for instance,
for transmitting color images. )

I have shown in Figure 21 three frequency
channels, identified by three primary colors, such
as red, blue-green and yellow. These three chan-
nels cover the full frequency range and are stag-
gered with respect to the points of minimum fre-
quency, so that at any one instant three
frequencies at relatively wide intervals from each
other are transmitted.

I have shown in Figure 22 one way of utilizing
these three frequency channels for transmitting
a colored image. Three projection lights 50, 51,
and 52 are directed towards three separated loca-
tions on the scanning disc 33, which is of the
usual type. The illuminated -sections may, for
instance, be separated by angles of 120°, so that
the scanning of each color covers the transmitted
object by lines in different directions and in dif-
ferent location relative to the edge of the ob-
ject. In order to create the color distinction, I
supply the three lights 80, 51, and 52 with color

filters, for example, of red, blue-green, and yel-

low. I have also supplied three photoelectric
cells PI, P2, and P3, respectively, responsive to
red rays, blue-green rays, and yellow rays. These

may be photoelectric cells, specially arranged by _

the proper choice of photoelectric material to be
responsive to such rays, as is known in the pres-
ent-day art, or else they may be photoeiectric
cells responsive to white light but provided with
special color filters to make them responsive to
the respective colors. The rays from the three
sources of illumination 50, 51, and 52 are directed
towards the object to be transmitted, and as the
scanning disc 83 rotates, it explores simultane-
ously in three colors the object to be transmitted.

It will be evident, that if the scanning lines for,
say, a red light will be horizontal, those for blue-
green will be at 120° to the first lines, and the
scanning lines, due to yellow light, again at 120°
to the blue-green. Each one of the photoelectric
cells picks up the impulses of its corresponding
light from the illuminated object and each one is
supplied with separate amplifiers such as Al, A2,
and A3. The amplifiers are respectively con-
nected to oscillators Ol, 02, and O3 illustrated
diagrammatically, with variable condensers ClI,
C2, and C3 controlling the frequency of the oscil-
lations and staggered 120° in exactly the same
manner as those of Figure 15 were staggered 60°.
These three condensers are operated from a com-
mon controlling motor M which alsp drives the

scanning disc §3.

2,066,048 » B

Thus, three transmitiing channels are estab-
lished at staggered frequencies, as illustrated in
Figure 21, each one of these channels covering
the whole of the picture but transmitting- light
corresponding to one color only. The output of
the oscillators is directed to three amplifying

tubes Tl, T2, and T3 and the output of these'
-tubes through further amplification to the trans-

mitter T, is radiated through an antenna or com-.
municated over lines. ' B
Figure 23 illustrates a recelving circuit which
consists, as before, of a broadly tuned recelving
set R connected to three variable tuning ele-
ments' Ri, R2, and R8 controlled by condensers
CIR, C2R, and C3R, which are staggered in the
same way as the condensers Cl, C2, and C3.and

10

15

are driven by a motor M synchronized by suitable -

synchronizing devices 'S, controlled from the re-
ceiving set R. Each one of the controlled re-
sponsive circuits R, 1s connected to sets of lights
similar to those of Figures 7 or 9, but provided
either with a gas giving a definite color of light
or by colored glass which emits the respective
colors. :

Thus, the circult RI may be connected’to a
series of red lamps, the circuit R2 to a series of

20

28

blue-green lights, and the circuit R3 to a serfes

of ‘yellow lights. These lights are interspaced,
as llustrated in the diagram, where the letter r
indicates the red lights, arranged in horizontal
lines; b the blue-green lights, arranged in lines
at an angle of 120°; and y the yellow lights, ar-

ranged in lines at 120° to blue-green and suf-
" ficiently closely spaced so that at: the distance

from which the image is observed, the individual
Hghts cannot be distinguished but only their
common effect. The individual circuits of 1’ ghts
of each color are tuned to the frequency at which
the corresponding point of the object is trans-
mitted with that particular color. Tt is evident
that in any one instant three lights of three dif-
ferent colors may be illuminated at widely dif-
ferent portions of the screen but since the full
screen is covered by the scanning process in v
second, the retention of stimulus by the ‘eye or
persistency of vision during this perfod of time
will give the effect of a composite picture in
natural colors. R

I have shown in Figure 24 an arrangement in
which multiple channels are utilized for scan-
ning an object with. one color and each channel

covers the whole picture. To distinguish between . -
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the channels at the sending end, I have shown

an optical means for producing a multiple image

of the object to be scanned. Thus, the object.

54 is made to form images 58, 88, 57 and others
(that is, 5 altogether), by means of a photo-
graphic lens §8 and a mirror 88 in the shape of

a pentagonal prism, the faces of which reflect

the part of the light which strikes them towards

5 .

one of the five radial directions towards flat mir- -~
rors such as 60 and 61, and hence to form the -~

images 55, 56, and 57 spaced in the plane of & . - -

scanning band 45’ similar to that of Figure 15

and at, for instance, five

separate locations, as
{llustrated in Figure 25. ' L

65

Opposite each one of these images, there ‘ard :

located photoelectric cells such as Pl, P2, P3,

P4, and PB so that each of these photoelectric - :

cells scans only its own image, but by virtue of

the location of this image relative to the scan-.

ning band, each photoelectric cell at -any Instant.

70"

scans a different portion of the object. For in- . ;

stance, in the present case with five images; the  :
;scanning band fs divided into five sec
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§1, 82, 83, and 84, corresponding in Iocation to the
five photoelectric cells Pi, P2, P3, P4, and P§ and
the images which they scan.- 'Taking, for in-
stance, section 80, the scanning holes in this
section covering the whole of the image begin

on the top at the definite instant indicated as -

85. The next image 56, which is located oppo-
site the photoelectric cell P2 and opposite the
band 81, is scanned by a set of holes in such a
way that the scanning begins at the top of the
image at an instant of time which is ahead of
85 by .one-fifth of the
so that the hole 86 shown is already advanced
by one-fifth of the total number of scanning
holes. In the same manner, the scanning holes
for each of the other groups 82, 83, and 84, are
arranged to start the scanning of each image at
intervals of time spaced by one-fifth of the total
scanning interval.

The photoelectric cells are connected to mod-
ulating - amplifiers Al, A2, and A3, which are
shown in detail in- this diagram as consisting
of vacuum tubes 62, 63, and 64, with the grid
circuits connected respectively to photoelectric
cells P1, P2, and P3 through coupling coils 65,
66, and 61. The photoelectric cells are supplied
with voltage from a batery 68. The return cir-
cuit is completed through grid leaks 69, 70, and
11. The coupling coils are shown to be influenced
by individual oscillators Of, 02, and O3 controlled
by variable condensers Cl, C2, and C3 similar to
those in the arrangement of Pigure 15, except

that they are staggered 7T2° and driven by &’

motor 46. The oscillator which may be of any
type and is shown to be merely a feed-back
vacuum tube oscillator, has the coils 72, 13, and
15 coupled respectively to coils 65, 66, and 67 of
the amplifiers. The output of the amplifiers is
connected through condensers 15, 16, and 17T to
the controlling grid 18 of a further amplifier 19.
Each one of the output circuits will carry its
definite frequency channel staggered from the
other frequency channels and each one modu-
lated in accordance with the picture signals de-
rived from one of the five images. ’
While T have illustrated only three of the am-
plifiers, oscillators and variable condensers, it
will be evident that the remdining two can be
connected in the identical manner and that the
number of channels need not necessarily be five,
but may be any convenient number. Thus, for
six channels, I would utilize a prism to form six
images with six corresponding photoelectric cells
and six equally spaced scanning positions sep-
arated by, say 60°. Also, I may use an even
number of channels so that each half of this
number scans one group of two stereoscopic
images from two separate lenses, located at suit-
able stereoscopic distance from each other.
The output of the amplifier tube 19 is connected
to the transmitter T and hence radiated or con-
nected to a line. Since in this transmitting-eir-
cuit each frequency at any instant will define
exactly the position of the transmitting point,
I may utilize the simple receiving screen such,
for instance, as is illustrated in Figure 6. Thus,

although the transmitting arrangement will be

relatively complicated, which will not detract
from its practicability since an expensive instal-
lation need be made only at the central broad-
casting location, yet the receiving arrangement
is quite simple and could be applied to a number
of receiving points. Moreover, this receiving ar-
rangement need not have any special synchroniz-

total scanning interval, -

ing means as the frequency of each signal at any
instant accugately defines its point. )

. The reduction of scanning speed for the same
number of transmitting points results of course
in & modulation of light at a lower speed; that
is, a narrower side band of amplitude modtila-
tion. The side band will have & narrower range
in proportion to the number of simultaneous
channels used. Thus, for example, assuming an
ordinary scanning method requiring a side band
range of 40 kilocycles on each side of the carrier -
as is usual in television transmission, multiply-
ing the channels by five will narrow this side
band range to 8 kilocycles to which, of course,
has to be added the range of frequency modu-
lation. ~ If this latter is assumed to be also 8
kilocycles, the total band width will be 24 kilo-
cycles as against 80 kilocycles with the ordinary
system, i :

- While I have illustrated the principle of gen-
erating successive carrier currents of different
frequencies by means of a contihuously rotat-
ing condenser at the transitting station and a

‘plurality of tubes and circuits at the receiving

station individual one for each of the generated
carrier currents as applied to a television system,
it will be obvious that this principle of code trans-
mission may be applied to any other form of
signalling system in which code combination of
impulse conditions are utilized. = ‘

Thus, for example, in telegraph systems, par-
ticularly in wireless telegraphy, the same prin-
ciple may be applied, as well ‘as in supervisory
control - systems, stock quotation systems, and
railway signalling, and other forms of signalling
systems; and I accordingly wish it understood
that the illustrations herewith shown are merely
shown for purposes of illustration and I do not
wish to confine this invention to the particular
illustrations thereof as shown. '

While I have shown in the above disclosure va-
rious modifications of the general principle of
transmitting pictures with the amplitude defining
the intensity of the light and the frequency de-
fining the location of the point, it will be evident

- to those skilled in the art that various other

modifications in circuits illustrated may easily
be developed and I do not wish to limit the in-
vention to the particular circuit and arrange-
ment, except as defined in the appended claims,
T claim: P
1. The method of transmitting pictures by
means of electric current comprising subdividing
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the object to be transmitted into sections, scan-".

ning all of said sections simultaneously, transmit-
ting electric signals by means of separate fre-
quencies for each section simultaneously ampli-

55

tude modulated in accordance with the optical, -

characteristics of successive elementary areas of
the respective sections and cyelically variable in
frequency and in overlapping staggered phase re-
lationship with regard to the cyclically variable
scanning frequency of the other sections, con-
trolling the progress of scanning in accordance
with the frequency variation, and receiving said
signals on separate sections individually respon-
sive to only one of said variable fréequencies.

2. A system of picture transmission compris-

"ing means for scanning several sections of an ob-

ject to be transmitted simultaneously, means for
producing several scanning frequencies, means for
varying cyclically each of said frequencies simul-
taneously but in overlapping staggered phase re-
lation over a definite frequency range in regard
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to the cyclic variation, means for controlling the 75
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scanning in accordance with the frequency vari-
ation, and means for modulating the amplitude of
each of said frequencies in accordance with the
light intensity of the points scanned in each of
the corresponding sections. - - -

3. A system of picture transmission compris-
ing means for scanning several sections of an ob-
ject to be transmitted simultaneously, means for
producing several scanning frequencies, means
for varying cyclically each of said frequencies si-
multaneously but in overlapping staggered phase
relation over a definite frequency range in regard

fo the cyclic variation, said means comprising sets

of variable reactors, corresponding sets of tuned
circuits in which said reactors are included, and
common means for varying said reactor simul-
tanecusly but in staggered phase relation, means
for controlling the scanning in accordance with
the frequency variation, and means for modulat-
ing the amplitude of each of said frequencies in
aceordance with the light intensity of points
scanned in each.of the corresponding sections.

4. The method of picture transmission by means
of sending currents of several frequencies, com-
prising the steps of simultaneously scanning sev-
eral sections of the object to be transmitted, pro-
ducing a plurality of sending currents, varying
cyclically each of the produced sending currents
within the same predetermined frequency range

in staggered overlapping time phase relation in

regard to the cyclic variation for a given scan-
ning period, and controlling the progress of scan-
ning of the object to be transmitted in accord-
ance with the frequency variation.

5. A method of picture transmission compris-
ing simultaneously scanning several sections of
an object to be transmitted, producing a number
of alternating currents of different frequencies
cyclically varying between the same predeter-
mined limits, and in staggered overlapping time
phase relation over & given seanning period in re-

- gard to the cyclic variation, controlling the prog-

50

‘ress of scanning of the object being transmitted in

accordance with the frequency variation, ‘and
varying the amplitude of said currents in accord-
ance with the degree of brightness of the respec-
tive picture areas being scanned. :

" 6. A method of picture transmission by means
of electric current comprising simultaneously
sending a plurality of alternating currents of
different - frequencies each representative of a
different section on the object being transmitted,

. 9,066,048
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cyclically varying the frequency of said currents
between predetermined limits and in staggered
overlapping time phase relation in regard to the
cyclic variation, and controlling the progress of
the respective section of the object being trans-
mitted in accordance with the frequency varia-
tion. C

7. A method of picture transmission by means
of electric currents comprising simultaneously
sending a plurality of alternating currents each
being representative of a different area of the
picture to be transmitted, cyclically varying the
frequency of said ¢urrents between the same pre-

- determined limits and in staggered overlapping

time phase relation in regard to the cyclic vari-
ation within the scanning period of the object be-
ing transmitted, and varying the amplitude of
said currents in accordance with the degree of
brightness of the respective areas of the object
being scanned. .

8. ‘A method of picture transmission by means

of electric current comprising simultaneously.

sending a plurality of alternating currents each
being representative of a different area of the
plcture to be transmitted, cyclically varying the

determined limfts and in staggered overlapping
time phase relation in regard to the cyclic vari-
ation, controlling the progress of scanning of a

.Sseparate section of the object being transmitted

in accordance with the frequency variation, and

‘'varying the amplitude of said currents in accord-

ance with the degree of brightness of the respec-
tive areas of the object being scanned.

9. A scanning device comprising two scanning
disks, each of said disks being provided with alter-
nate slots and holes arranged along a single spiral
trace, the pitch of which is opposite to that of
the trace upon the other of said disks, means for
rotating the disks at the same speed and in oppo-
site directions whereby successive lines of the ob-
Jject are scanned in opposite directions alternately
by said scanning disks.

. 10. A scanning device comprising two coaxial
scanning disks, each of said disks being provided

" frequency of each of sald currents between pre--
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with alternate slots and holes arranged along a

single spiral path, the pitch of which is opposite
to that of the trace upon the other of said disks,

means for rotating the disks in opposite directions

whereby sticcessive lines of the object are scanned
in opposite directions alternately by said disks.
ALEXAN_DER NYMAN.
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