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This invention relates to signaling and
more particularly to television and high speed
picture transmission and composite signal
transmission.

An object of the invention is to improve
the utilization of the frequency transmission
band involved in signaling for such types of
transmission as television and high speed pic-
ture transmission.

This invention is the result of the discovery
that when an object or field of view is periodi-
cally scanned in a series of parallel lines and
the light tone values of elemental areas are
translated into electric current variations the
energy is largely concentrated in a number
of -distinct bands of frequencies between
which there is very little useful energy, and
the position of the bands in the frequency
spectrum is dependent upon the field scan-
ning frequency and upon the line scanning
frequency. The energy .concentrations re-

sulting from scanning an ordinary field occur .

in the regions of the field scanning frequency
and some of the lower harmonics thereof and
in the regions of the line scanning frequency
and the lower harmonics thereof. These lat-
ter bands are made up of a plurality of fre-
quencies the prominent ones of which differ
by approximately the field scanning fre-
quency. The bands may, for example, have
a band width of approximately 20% of the

.line scanning frequency, in which case the

low energy intervening gaps or valleys have
a frequency band width of about 80% of the
line scanning frequency.

This invention provides means for utilizing
the above mentioned gaps or valleys for other
purposes, such for example, as the transmis-
sion of synchronizing current, or other sig-

nals, etc. 'The transmission of the various.
"signal eurrents may be over the same medium

and in the same direction or in opposite di-
rections. In.accordance with one form of

‘this invention, means are provided for pro-

ducing and for simultaneously transmitting
over a single circuit or medium a photoelec-
tric current generated by scanning an object
whose image. is electrically produced and
other signal currents having frequencies fall-

50 ing within the low energy gaps of the photo-

electric current, such as, for synchronizing
and for telegraphing. ' '

A more detailed description of the inven-
tion follows and is illustrated in the accom-
panying drawings. .

Figs. 1, 2, 8, 4, 5 and 6 show current-fre-
quency curves resulting from periodically
scanning in a series of adjacent parallel lines,
a fan-shaped diagram, a double wedged dia-
gram, a double wedged diagram rotating at
about two revolutions per second, a gray back-
ground, a human face, and a human subject
making rapid motions with the head and
hands, respectively.

Fig. 7 is a typical current-frequency curve
resulting from scanning in a series of adja-
cent parallel lines an ordinary object and of
three other interwoven superimposed currents
of relatively narrow frequency range.

Tig. 8is a general schematic representation
of transmitting terminal apparatus in a tele-
vision ‘system arranged in accordance with
the invention for simultaneously transmitting
the television current and a number of addi-
tional signal currents over the same transmis-
sion circuit.

Fig. 9 is a general schematic representa-
tion of the receiving terminal apparatus in
a television system arranged in accordance
with the invention for simultaneously receiv-
ing the television current and a number of
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additional signal currents over the same .

transmission circuit from a transmitting ter-
minal equipped for example 'as shown in
Fig. 8.

i‘ig. 10 is a detail circuit diagram of the
filter network FN of Fig. 8 used to connect
the terminal apparatus with the transmission
line, - . . :
" Fig. 11 is an alternative arrangement of a
filter network for that shown in Fig. 10.

Fig. 12 is a detail circuit diagram of the
filter network FN of Fig. 9 used to connect
the terminal apparatus with the transmis-
sion line, 4

Fig. 18 is an alternative arrangement of a
filter network for that shown in Fig. 12,

“The current-frequency -curves in Figs. 1 to
6 inclusive show the magnitude of response
at different frequencies over a frequency :and
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or specurum ranging from approximately 100
to 5000 cycles per second of the photoelectric
current generated in scanning ordinary ob-
jects such as geometric figures or human sub-
jects. These curves do not show the band of
frequencies which occurs, near the scanning
frequency, since it has been well understood
that frequencies in this region must be pres-
ent. Current strength is indicated by the or-
dinate and frequencies on a logarithmic scale
by the abscissa. A sketch to indicate the na-
ture of the object scanned is shown at the
left in each figure. Figs. 3 and 6 relate to
objects in motion while the other four figures
relate to objects at rest. Fig. 8 is a double
wedged diagram rotating about two revolu-
tions per second and Fig. 6 is a human sub-
ject making rapid motion with the head and
hands. The first three geometric objects
were black on white background to obtain
two distinctive tones. Fig. 4 is a plain field
which is of uniform tone throughout so far
as the eye can detect. The energy concen-
trations for ordinary objects as these figures
show occur in narrow frequency bands hav-
ing substantially the same position .and
width in the entire frequency spectrum irre-
spective of whether the object is at rest or in
motion. These current-frequency curves
were experimentally obtained and are typical
for ordinary objects either still or moving
when periodically scanned in a series of 50
parallel lines repeated at the rate of approx-
imately 20 times per second thereby produc-
ing energy concentrations at or very near the
fundamental line scanning frequency of 1000
cycles per second, and harmonics of 2000,
3000, etc., cycles per second. If with the
same apparatus the scanning rate is increased
from 20 to say 30 times per second, the fun-
damental line scanning frequency is 1500
cycles per second and the harmonics.are 3000,
4500, etc., cycles per second at which points
the energy concentrations occur. The curves
obtained from actual experiment in scanning
the object at approximately 20 times per sec-
ond have a band width, at the frequencies
around which energy concentrations occur,

‘which is & small proportion of the line scan-

ning frequency which results in the low en-
ergy intervening gaps or valleys having a rel-
atively wide frequency band wherein the
i)hotoelectric energy is comparatively small.

t appears that eacl}l’ of these bands is proba-
bly made up of separate very narrow bands
each having an energy peak at a frequency
which is a multiple of the field scanning fre-
quency. Thus the bands in the general
region of 1000, 2000, 3000, etc., cycles per sec-
ond when the line scanning frequency is 1000
and the field scanning frequency is 20 cycles,
may be made up of narrow bands having
their maxima removed from 1000, 2000, or

.3000, as the case may be, by multiple of 20.

These narrow bands widen somewhat when

1,769,918

there is motion of the objects scanned. There

‘may be greater energy at one of these points

removed from the line scanning frequency,
or a multiple thereof by 20 or a small multiple
thereof, than at 1000 or a multiple thereof.

This invention employs the intervening
wide gaps or valleys of low energy in the
photoelectric current for the simultaneous
transmission of other signals such as syn-
chronizing and telegraphing, and Fig. 7
shows a typical current-frequency curve of
a photoelectric current resulting from scan-
ning an ordinary object and three other cur-
rents occupying gaps in the spectrum of the
photoelectric current. At the 1500 cycle po-
sition occurs a synchronizing current occupy-
ing a very narrow band and at the 2500 and
the 3500 cycle positions occur telegraph chan-
nels approximately 200 cycles wide for op-
erating simultaneously in both directions.
Each of the added currents is preferably po-
sitioned at approximately the midpoint of
one of the gaps between energy concentra-
tions in the photoelectric current. By keep-
ing the added frequency bands of the proper
width and symmetrically positioning them in
the gaps or valleys of low energy in the pho-
toelectric current the different currents may
be transmitted and separated at the receiving
station without interfering with one another,
and because of this the transmission capacity
of the transmission medium is decidedly in-

creased. Means which may be employed for

carrying out the principles of operation illus-
trated in Fig. 7 are shown in Figs. 8 and 9.
The television transmitting station shown
in Fig. 8, in general comprises terminal ap-
paratus consisting of television scanning ap-
paratus, current amplifying apparatus for

the photoelectric current, and telegraph com-

munication apparatus for both sending and
receiving, all of which are connected with
the transmission line through suitable elec-
trical filter networks. An illuminated object
10 whose image is to be transmitted is pe-
riodically scanned in a series of parallel lines
by the scanning apparatus 20. An image of
the object is focused upon the viewing field
of the scanning apparatus by means of a suit-
able objective lens system 11 and light from
elemental areas of the image thus formed is
directed by means of the lens system 12 upon
the light sensitive cell 0. The scanning ar-
rangement may comprise any suitable device
such as a rotating scanning disc 21 having
a row of apertures spirally arranged. An
opaque member having an aperture 13 is po-
sitioned between the lens 11 and the scanning
disc and limits the size of the image field
upon the scanning disc so that just one ap-
erture in the scanning disc is exposed at any
instant, the angular width of the aperture
13 being equal to the angular pitch of the
apertures in the scanning disc. The scanning
disc is driven at suitable speed by means of
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a driving motor 22. For generating a syn-
chronizing current to control the speed of
the receiving apparatus, an alternating cur-
rent generator 23 is mounted upon the same
shaft as the scanning disc 21." The photo-
electric current generated in the light sensi-
tive element 30 is amplified by suitable
vacuum tube amplifiers 40, 50, and 70.  The
output circuit of the light sensitive cell 30
contains batteries 81 and 42, and resistance
33. Battery 31 causes a current to flow
through the resistance 33 which is varied by
the changing excitation of the light sensitive
cell. This results in a varying potential
across the resistance 33, one side of which is
connected to the grid and the other to the
filament of the vacuum tube of the amplifier
Polarizing battery 42 is adjusted to
apply a proper negative bias to the grid of
the vacuum tube. The output of amplifier
40 is impressed upon the intermediate am-
plifier 50 whose output is in turn impressed

upon succeeding amplifiers. Battery 51 sup-

plies space current for these amplifiers. Any
suitable number of stages of amplification
may be employed. The amplified photoelec-
tric current on passing through the last am-
plifier stage 70, which is supplied with space
current by the battery. 71, is transmitted
through repeating coil 80, and the filter net-
work 90 designed to pass currents covering
the entire range of the photoelectric current
frequency band, to the transmission line 100.

In this invention, as shown in Fig. 7, some
of the intervening frequency bands wherein
the photoelectric current is of relatively
small amplitude are utilized for sending
other signaling current.. One of these gaps
is used for the synchronizing current which
is generated by the alternating current gen-
erator 28. The gap between the photoelec-
tric current concentration bands in the
neighborhood of 1000 cycles and in the neigh-
borhood of 2000 cycles may be selected for
this purpose and a current of 1500 cycles
employed. for synchronization. This syn-
chronizing current is transmitted through a
band pass filter 110, repeating coil 111 to the
circuit leading to the filter network 90 and
from there to the transmission line 100. A
network comprising resistances 115 and 116
in the series arm and a resistance 117 in the

shunt arm is connected to the output leads of.

the synchronizinig current generator 23 and
to the input leads of the band filter 110 for
properly matching and adjusting the im-
pedances of these elements. An order wire
telegraphic communication channel is pro-
vided for communicating in each direction
between the transmitting and the receiving
stations. Two other gaps in the photoelec-
tric current are selected for transmitting the
telegraph signaling = current substantially
mid-way between the photoelectric current
concentration bands in the neighborhood of

3

2000 and 3000, and of 3000 and 4000 cycles,
respectively. A carrier current of 2500
cycles is used for the outgoing telegraph
channel and a carrier current of 8500 cycles
is used for the incoming telegraph channel
at this station. The telegraph transmitting
apparatus is represented by the key 120
which controls the output circuit from the
oscillator 121 which generates a carrier cur-
rent of approximately 2500 cycles. This cur-
rent is passed through the band-pass filter
122, designed to pass the 2500 cycle carrier
current and side bands of sufficient width
for telegraph signals. The outgoing tele-
graph signals are next transmitted through
the repeating coil 123 to the circuit leading
to the filter network 90 and from there to
the transmission line 100. The incoming
telegraph signals are received by the tele-
graph receiving apparatus 130 which is con-
nected by means of the repeating coil 131
with the filter network 90. The filter net-
work 90 is arranged to pass to the receiver
telegraph signals having a frequency band
of approximately 3300 to 3700 cycles, a fre-
quency band which has practically no sig-
nificance in the transmission of the photo-
electric current under consideration. The
filter network 90 is arranged to transmit
outgoing signals of the order of 20 to 20,600
cycles which is ordinarily sufficient for the
transmission of the frequencies significant
in the transmission of the photoelectric cur-
rent under consideration, the synchronizing
current, and the telegraph currents.

The terminal apparatus at the receiving
station shown in Fig. 9 is connected with the
transmission line 100 by the repeating coils
201 and 223. The filter network 210 passes
all frequencies of the order of 20 to 20,000
cycles with the exception of a band of the
order of 3300 to 8700 cycles which is the fre-
quency used for telegraphing from this
television receiving station to the television
transmitting station. The incoming televi-
sion. The incoming television photoelectric
current is passed by the filter network 210
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to the amplifier 250 and suitable control cir- -

cuits to the receiving lamp 270. The output

of the amplifier 250 1s shunted by the poten- ;

tiometer 251 to permit adjustment of the in-
tensity of the photoelectric current supplied
to the receiving lamp. It is necessary to so

arrange the circuits that the current through

the glow discharge receiving lamp is 4t all
times proportional to the illumination at the
transmitting station in view of the well es-
tablished linear relation between the inten-

sity of the illumination resulting from the

glow discharge and the current. The pho-
toelectric signal wave as transmitted through
the various amplifier circuits differs funda-

‘mentally from the initial current generated

in the light sensitive cell in that the direct
current component has been eliminated. - This
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direct current component must be restored
before the changes in light intensity at the
receiving station will follow those at the
transmitting  station. The amplifier 260

rovides means for making the necessary ad-
justment. The incoming photoelectric sig-
nal current whose intensity is adjusted by
means of the potentiometer 251 is impressed
upon the grid of the vacuum tube of the am-
lifier 260. The space current which is pro-
vided by the battery 261 is adjusted by the
grid biasing voltage of the battery 262. In-
stead of connecting the glow discharge lamp
and the vacuum tube directly in series, a re-
sistance 263 is shunted across the output of

1,769,918

to the telegraph receiver 230. The telegraph
transmitting apparatus 220 controls the out-
put circuit of the oscillator 221 which gen-
erates a carrier current of approximately
3500 cycles. This current is passed through
the band-pass filter 222 designed to pass the
8500 cycle carrier and side-bands of suffi-
cient width for telegraph signals. Qutgoing
signals are next transmitted through the re-
peating coil 223 and from there to the trans-
mission line 100.

The arrangement of the elements of the
filter network 90 shown in Fig. 8 is disclosed
in further detail by two alternative arrange-
ments shown in Fig. 10 and in Fig. 11. The

the circuit of the vacuum tube across which, dot-dash lines X—X and Y—Y in each of

is set up a potential proportional to the cur-
rent through the resistance. The recciving
lamp 270 is shunted across this resistance.
In order to confine the operation of the vac-

. uum tube of the amplifier 260 to the linear
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part of its characteristic the biasing battery
271 is connected in series with the lamp so that
current through the lIamp will go to zero even
when a finite current is flowing through the
vacuum tube of the amplifier 260 and it is
still on the linear part of its characteristic.
For any strength of the alternating current
television current determined by the poten-
tiometer 251 the direct current component

of the television current may be restored by .

adjusting the grid biasing battery 262 to such
a value that the proper direct current flows
through the receiving lamp 270. The viewing
field 1 front of the receiving lamp is de-
fined by the aperture 245 in an opaque plate
positioned in front of the scanning disc 241
and in line with the receiving lamp 270. The
angular width of the aperture 245 is such that
just one aperture in the scanning disc appears
at any instant, the angular width of this
aperture being equal to the angular pitch of
the apertures in the scanning disc. The scan-
ning discs at the transmitting and receiving
stations are driven by the direct current mo-
tors and held in synchronism and in phase by
the alternating current machines in accord-
ance with well established practice. The in-
coming synchronizing current of approxi-
mately 1500 cycles is passed by the filter net-
work 210 to the amplifier 244 which in turn
is connected with the synchronous motor
243 associated with the receiving scanning
apparatus 240. The energy for driving the
scanning disc 241 is supplied by a driving
motor 242 but synchronism is maintained by
synchronous motor 243 whose input current
is transmitted from the television transmit-
ting station. A typical synchronizing ar-
rangement is shown in the patent of H. M.
Stoller et al. No. 1,763,909, issued June 17,
1930. The incoming telegraph signals hav-
ing a frequency band within 2300 to 2700 cy-
cles are passed by the filter network 210 and
transmitted through the repeating coil 231

these three figures indicate the points of con-
nection of the input and output circuits.
Fig, 10 is a simple network designed to di-
rectly pass all of the outgoing photoelectric
current, the synchronizing current, and the
telegraph signals in the most direct manner.
Only one incoming current nced be consid-
ered, namely, the telegraph signal having a
channel with a frequency band of approxi-
mately 3300 to 3700 cycles. Any branch of
the filter network 90 designed to pass this
band does not transmit any of the outgoing
signal currents as such a frequency band is
not a part of any of the outgoing signals.
The network is connected to the various out-
going signal circuits by the repeating coil
91 and with the transmission line by repeat-
ing coil 92. The incoming telegraph signals
are tiken off from the network by means of
shunt impedance 93 and 94 shunted across
the series arms of the filter network, one
side of the receiving telegraph circuit being
connected to one of the series arms of the
filter network and the other side between the
two impedances. In the region of 3300 to
3700 cycles the total impedance of the im-
pedances 93 and 94 is so small in comparison
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with the impedance of the output side of -

the repeating coil 91 or the input side of the
repeating coil 92 that this band is drained
out of the circuit. In a specific case imped-
ances 93 and 94 may comprise inductance and
capacity elements, respectively. In opera-
tion the signals originating at the trans-
mitting station are directly transmitted
through the filter network 90 to the trans-
mission line and the incoming telegraph sig-
nals are drained by the network &irectly to
the telegraph receiving apparatus 130. The
alternative arrangement shown in Tig. 11
provides an equally direct path for the out-
going signals and a branch containing a band-
pass filter 96 passes a frequency band of
from 3300 to 3700 cycles to the telegraph re-
ceiving apparatus 130. As the frequencies
generated by the transmitting apparatus do
not fall within this band only the incoming
telegraph signals are passed by the band-pass
filter 96. Cg":)r;mection with the transmission

110

115

120

130



1,769,918

line 100 is made for both the outgoing and
incoming signals through a repeating coil 92.

The arrangement of the elements of the
receiving filter network 210 shown in Fig.
9'is disclosed in somewhat greater detail by
two alternative arrangements shown in Fig.

o

12 and Fig. 13. The dot-dash lines X—X

and Y—Y in each of these three figures indi-
cate the points of connection of the input and
output circuits. Fig. 12 is-a simple network
designed to directly pass all of the incoming
photoelectric current signals in the most’ di-
rect manner. The series arms of this filter
network contain no impedance elements and
15 connection with the circuit leading to the
" receiving lamp is made through the repeat-
ing coil 212. Three shunt arms are em-
ployed each comprising impedance elements.
The shunt arm comprising impedance ele-

10

20
the region of 3300 to 3700 cycles in compari-

son with the impedances of the output side
of the repeating coil 201 and the input side
of the repeating coil 212. This shunt arm
practically short-circuits any currents with-
in this band and thus prevents the telegraph
transmitting apparatus at this station 1n-
terfering with the action of the television
receiving lamp 270. The shunt arm com-
prising the impedance elements 215 and 216
are designed to pass the current having a
frequency band of 2300 to 2700 cycles which
is the frequency used for the incoming tele-
graph signals. The impedance of these ele-
ments in the region of 2300 to 2700 cycles is

25

30

the output side of the repeating coil 201 and
the input side of the repeating coil 212. The
telegraph receiving apparatus 230 is connect-
ed for incoming signals through these imped-
ance elements. The third shunt arm com-
prising the impedance elements 217 and 218 is
designed to pass a narrow frequency band in
the region of 1500 cycles and is connected
with the synchronous motor 243. The im-
pedances of these elements in the region of
1500 cycles is small in comparison with the
impedance of the output side of the repeating
coil 201 and the input side of repeating coil
212. The alternative arrangement of the
elements comprising the filter network 210
.shown in Fig. 13 comprises a number of cir-
‘cuits in parallel each of which contains a filter
sssing certain frequency bands. The input
e of all of the filter elements is connected to
- common input circuit coupled with the
“transmission line 100 while the output side of
these filter elements is connected to one of the
three terminal circuits such as the television

40
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60
and the telegraph receiving circuit. The
television signals are transmitted by the low
pass filter 813 having a cut-off frequency at
about 1300 cycles, by the high pass filter 314

65 having a cut-off frequency at about 3700 cy-

ments 213 and 214 has a small impedance in -

small in comparison with the impedance of-

receiving circuit, the synchronizing circuit,

5

cles, by the band-pass filter 816 having cut-
off frequencies at about 1700 and 2300 cycles
and the band-pass filter 818 having cut-off
frequencies at about 2700 cycles and 3300 cy-
cles. These filter elements pass all signifi-
cant frequencies for the transmission of the
photoelectric current and do not pass the
frequencies employed in synchronizing and
telegraphing. The band-pass filter element
315 has cut-off frequencies at about 1300 and
1700 cycles and passes the synchronizing cur-
rent to the synchronous motor 243. The
band-pass filter 817 has cut-off frequencies
at about 2300 and 2700 cycles and passes the
incoming telegraph signals to the telegraph
receiving apparatus 230. By means of this
filter network all of the incoming signals are
passed to the respective receiving apparatus
elements and any telegraph signals originat-
ing at this station and transmitted by the
telegraph transmitting apparatus 220 are
prevented from reaching the local receiving
apparatus. The filter networks for either
the transmitting or the receiving station are
typical arrangements and any other suitable
arrangements known to the art may be em-
ployed.

The different frequencies used in describ-
ing this system are typical and are used pri-
marily to facilitate the description. Obvi-
ously the television photoelectric current is
not limited to a range of 20 to 20,000 cycles
and different frequencies from those men-

‘tioned may be used for the synchronizing

and the communication or other channels.
An essential feature is that the auxiliary
currents have a frequency or frequency band
which may be fitted into the low energy bands
or gaps in the television photoelectric cur-
rent, thus making the energy concentrations
of the different signal currents occur at mu-
tually exclusive frequency positions.

The operation of each of the principal ele-
ments of the system has been described in
more or less detail in the foregoing descrip-
tion of the apparatus. In the general oper-
ation of the system as a whole the-light tone
values of line series of elemental areas of
the object are translated into photoelectric
current, which as heretofore explained con-
sists of energy concentration in narrow fre-
quency bands at various predetermined sep-
arated frequency positions, by the scanning
apparatus and this current after being am-
plified, with the exception of the direct cur-
rent component and very low frequency com-

‘ponents, is impressed upon a common trans-

mission line together with the synchronizing
current and the telegraph signals of suitable
frequencies. The energy of these several
signal currents is concentrated in different
frequency bands which have mutually ex-
clusive frequency positions so as to permit
segregation of the different signals at the
receiving station. A filter network at the
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receiving station makes the necessary segre-
gation as already pointed out and thus di-
rects each of the several signed currents to
their respective receiving elements so that
each signal acts as if it had been kept sepa-
rated throughout its transmission.
rect current and very low frequency com-
ponents are restored by local means at the
receiving station. - The frequency positions
of the energy concentration bands of the dif-
ferent signa{s up to 5000 cycles with the ex-
ception of the picture scanning frequency
band as they are originated at the transmit-
ting station are shown in the current-fre-
quency curve, Fig. 7, and due to their gener-
ation 1n such non-interfering positions trans.
mission of all over a single circuit and subse-
quent segregation and routing to the respec-
tive recelving apparatus units by suitable fil.

tering networks for translation is possible. |

Obviously bands of both lower and higher
frequencies than shown by this curve are
comprised in the photoelectric current. The
utilization of the low energy gaps in the pho-
toelectric signal current makes possible the
utilization of the transmission medium at a

reater efficiency and also makes possible the

irect transmission of all signal currents

necessary for the operation of the system

over a single transmission circuit.

What is claimed is:

1. The method of transmission which com-
prises generating and transmitting image

- current representing the tone values of ele-
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mental areas of a picture or object and ex-
tending over a wide band of frequencies and
concurrently transmitting in part at least
over the same medium, non-image current
within said band.

2. A transmission system comprising
means for generating image current corre-
sponding to the tone values of elemental
areas ofg a field of view, the essential fre-
quency components of said current being dis-
tributed over a wide frequency band, means
for impressing upon a transmitting medium
said essential frequency components, and
means for separately and concurrently im-
pressing upon said transmitting medium
current having components within said band
and different from said essential frequen-
cies, .
8. A transmission receiving system com-
prising means for concurrently receiving
lmage current representing the tone values
of elemental areas of a picture or object and
occupying a wide band of frequencies and
Lon-lmage current. having frequency compo-
nents within said band, means for separat-
ing said image current from said non-image
current, and means for separately utilizing
said currents. :

4. An electro-optical receiving system
comprising means for concurrently receiv-

Ing electro-optical image currents extending

he di- -
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over a wide band of frequencies and syn-
chronizing current having a frequency with-
in said band, means for separating said syn-
chronizing current from said image currents,
image producing means for utilizing said
image currents in the production of an elec-
tro-optical image, and means for utilizing
said synchronizing current to control said
image producing apparatus.

5. A transmission receiving system com-
prising means for concurrently - receiving
lmage current representing the tone values
of elemental areas of a picture or object and
extending over a wide band of frequencies
and non-image currents réspectively occupy-
ing narrow widely spaced bands within said
wide band, and means for selecting and di-
recting each of said currents into a separate
channel. .

6. The combination with a scanning field
of means for repeatedly scanning said field
in substantially parallel lines, light sensitive
means for receiving light from said field as
1t is scanned and a source of current for said
light sensitive means whereby a current is

generated having a plurality of frequency

components, and filtering means for select-
ing non-contiguous bands of frequency com-
ponents from within' the range of frequen-
cies thus generated. .

7. The method of signaling which com-
prises scanning a field of view having dif-
ferent tone values, controlling by said scan-
ning the generation of a composite electric
current containing one or more groups of
frequency components of large amplitude,
generating a current having a frequency
range outside those of said groups and be-

- tween said scanning frequency and the up-

permost of said groups, impressing said com-
posite current upon a transmitting medium
and separately impressing upon said trans-
mitting medium said current having a fre-
quency range outside those of said groups.

8. The method of transmission which com-
prises successively scanning a field of view
having different tone values, producing from
said scanning a composite electric current
containing one or more groups of frequency
components of large amplitude, transmitting
said current, and utilizing a frequency range
outside of said groups and between the scan-
ning frequency and the uppermost of said
groups for the transmission of separately
generated currents, ,

9. The method of transmission which com-

rises successively scanning a field of view
having different tone values, producing from
sald scanning a composite electric signaling
current containing one or more groups of fre.
quency components of large amptitude, gen-
erating synchronizing current of a frequency
outside of said groups and between the scan-
ning frequency and the uppermost. of said
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signaling current and said synchronizing cur-
rent.

10. An electro-optical system comprising
means for scanning successively elemental
areas of an object and generating photoelec-
tric signal current having concentrations of
signal energy at a fundamental frequency and
at multiple frequencies thereof, means for
generating other signal currents having con-
centrations of signal energy at different fre-
quencies from said photoelectric signal cur-
rent and between said fundamental and the
uppermost of said multiple frequencies, and

‘means for transmitting all of said currents

over the same transmission medium. -

11. A transmission system comprising
means for successively scanning a field of
view having different tone values, means for
controlling by said scanning the generation
of a composite electric current containing
groups of frequency components of large am-
plitude which are harmonics of the scanning
frequency, means for transmitting said cur-
rent, and means for transmitting a separately
generate current having a frequency range
outside those of said groups and between said
scanning frequency and the uppermost of
said groups. )

12, A ‘transmission system comprising
means for successively scanning in substan-
tially parallel lines a field of view having
different tone values, means controlled by

said scanning means for generating a com-

posite electric current containing groups of
frequency components of large amplitude
/ eld scanning
frequency, said groups also containing har-

‘monics of the line scanning frequency, means

for transmitting said current and means for
transmitting a separately generated current
having a frequency range outside those of
said groups and between said scanning fre-
quency and the uppermost of said groups.

13. A signaling system comprising means
for successively scanning a field of view hav-

- ing different tone values, said means compris-

50

60

ing an apertured scanning disc, each aperture
of which scans a line of said field, means
controlled by said scanning means for gen-

erating a composite electric current contain-

ing groups of frequency components of large
amplitude which are harmonics of the field
scanning frequency, means for separately
generating other currents having a frequency
range outside those of said groups and be-
tween said_field scanning frequency and the
uppermost of said groups, and means for si-

multaneously impressing all of said current

upon the same fransmitting medium.

14. A signaling system comprising means
for.successively scanning a field of view hav-
ing different tone values, means for control-
ling by said scanning means thé' generation

5 of a composite electric current containing

f
groups of frequency components of large am-
plitude which are harmonics of the field scan-
ning frequency, means for generating syn-
chronizing current of a frequency outside of
the frequency ranges of said groups and be-
tween the field scanning frequency and the
uppermost of said groups, and means for si-
multaneously impressing all of said current
upon the same transmitting medium. /-

15. A television system comprising/means
for successively scanning a field of view hav-
ing different tone values, said means compris-
ing a scanning element for successively scan-
ning lines of said field, light sensitive means
cooperating with said scanning /element,
means including said scanning means and
said light sensitive means for geherating a
composite electric current containing groups
of frequency components of large amplitude
which are harmonics of the field scanning

frequency, said groups also con#aining har- -

monics of the line scanning frequency, means
for generating a television synchronizing cur-
rent having a frequency range’outside those
of said groups and between said'field scanning
frequency and the uppermost of said groups,
and means including filtering means for si-

‘multaneously impressing all of said currents

upon the same transmitting medium,

16. The combination with'a scanning field
of means for repeatedly scanning said field
in substantially parallel lines, light sensitive
means for receiving light from said field as
it is scanned and a source of current for said
light sensitive means whereby 2 current is
generated having a plurality of frequency
components, and filtering means for selecting
at least three bands of frequency components
from within the range of frequencies thus
generated. ' :

17. The method of signaling which com-
prises repeatedly scanning a field of view hav-
ing different tone values, controlling by said
scanning the generation of a composite elec-
tric current containing one or more groups of
frequency components of large -amplitude,
generating a current having a frequency
range outside those of said groups and be-
tween said scanning frequency and the upper-
most of said groups, impressing said com-
posite current upon a transmitting medium
and separately impressing upon said trans-
mitting medium said current having a fre-

_quency range outside those of said groups.

18. An electro-optical system comprising
means for scanning successively and repeated-
ly elemental areas of an object and generating
photoelectric signal current having concen-

trations of signal energy at a fundamental

frequency and at multiple frequencies there-
of, means for generating other signal currents
having concentrations of signal energy at dif-
ferent frequencies from said photoelectric sig-
nal current and between said fundamental
and the uppermost of said multiple frequen-
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cies, and means for t-ransmittin‘g all of said

- currents over the same transmission medium, -
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'19. A transmission system comprising -
means for repeatedly and successively sean-
ning the same field of view having different
tone values, means for controlling by said

scanning the generation of a composite elec-

tric current containing groups of frequency
components of large amplitude which are har- -
monics of the scanning frequency, means for
transmitting said current, and means for
transmitting a separately generated current
having a frequency range outside those of
said groups and between said scanning fre-
quency and the uppermost of said groups.
In witness whereof, we hereunto subscribe
our names this 31st day of January, 1929,
LT  FRANK GRAY.

 JOHN R. HEFELE.
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