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The present invention relates to television sys-
tems and to both the transmitting and receiving

. portions thereof.

More particularly, the invention is concerned
with ways and means and a method for pro-

- ducing at recelving stations images or pictures

many times the size of the image or picture which
can be obtained electronically by any of the now
known present day systems. :

The invention further is concerned: with a
method and apparatus for developing the video
or image signals for producing pictures or im-
ages of the above suggested size, it being under-
stood that such produced pictures shall have a

produced detail or quality substantially increased -

over the detail producing qualities of any known

and/or ‘existing types of picture or image pro--

ducing apparatus, irrespective of the character of
such apparatus. - .
Further the invention is concerned with pro-

‘viding a method and apparatus for increasing the

definition of television pictures beyond that which
can be obtained by any known and presently
existing types of television transmitting appars-
tus.

In the present day types of television appara-
tus and for the purpose of this consideration,
reference will be made substantially only to the
so-called “electrical” types of transmitter and re-
ceiver apparatus since these are now capable of
providing maximum detail and definition. Both
the size of the image ultimately produced at the
receiver point and the degree of definition is
determined largely by the character of the visual
pick-up transmitting tube and the spot size of
the cathode ray beam which is utilized as a scan-
ning instrumentality, as -is also. the case 'in the
receiver. The size of the Image ultimately re-
sulting at the receiver point is, according to the
prior art systems, considered as & function of the
size to which any practical electronie image re-
producing tube may be built and the brightness
of the spot formed by the cathode ray. ,

In present day types of television apparatus,
and considering for the time being the aforesaid
“electrical” types, an Image of thé subject at
the point of transmission is projected upon s
light receiving surface which is suitably photo-
sensitized. _

In one of the commonly known forms of tele-
vision electronic scanners for transmitting sta-

tions such as that known by the trade name-

“Iconoscope,” the image to be scanned is focussed
upon a mosaic structure which comprises a plu-
rality of electrically isolated photoelectric par-

(CL 178—8.8)

- ticles supported upon an insulating base, which
base, in turn, is supported by a conducting sup-
port member or signal plate. The light falling

upon the isolated photoelectric barticles causes

photo-electrons to be. emitted therefrom with the
result that a corresponding distribution of elec-
trostatic charges (a form of “electrical image”)

~

is accumulated upon the surface of the mosafe

structure, as has already been described in nu-
merous publications. The mossic surface upon
which the charges have accumulated is then
scanned by a focussed cathode ray beam of a
cross-sectional diameter corresponding in size to
Individual elemental areag into which the sub-
Ject is assumed to be divided for scansion and re-
building. During scansion of the charge image,
there is produced in an external circuit a wave
train of energy representative
whose image causes the electrostatic charges (of
related voltages) to build up or to be accumu-
.lated on the mosaic. '
THe signal transmitted may be developed either
as a result of the change in botential of the sig-
nal plate under the scanning action of the cath-
ode ray on the mosaic or the signal may be de-
termined by the secondary emission from the {l~
luminated side of the mosaic when secondary
electrons are released under beam impact upon
' each charged photoelectric particle, :
Various methods of scanning in such a sys-
tem miay be used and need not be discussed here-
in in detail, but reference to this electronic form
of scanning may be found in the article published
by Zworykin in the Journal of the Franklin In-
stitute for January, 1934, Vol 217, No. 1. 1%
should be understood-in connection with this type
of system that the resultant image signals are
due to the release of the charge accumulation on
the mosaic structure during the time interval be-
tween successive traversalg of each elemental sec-
tion or area thereof by the scanning cathode ray
keam and may develop in either manner above
suggested. In the scanning process, the scan-
ning beam may trace a pattern along a series of
substantially adjacent lines, in which case the
beam moves at a relatively slow rate across the
" assumed lines of the mosaic structure and re-
turns at a relatively rapid rate to start the next
line or path of scanning, In another form of
. Scanning the pattern may be the so-called “inter-
laced” pattern where the so-called odd lines of
the mosaic are first scanned and the so-called
even lines are “skipped” during its scanning; dur-
Ing the next succeeding scanning the so-called
“even”

lines are scanned and the so-called odd‘
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lines are skipped while the scanning cathode ray

traverses the mosaic. If, for example, in this so-
called “interlaced” pattern of scanning the re-

sultant image to be transmitted is assumed to be
of 343 line detail for example, the first scanning
will include the 171% odd lines with the first
scanning starting; for example, at the upper left-
hand corner of the mosaic and the last line ter-
minating at the bottom of the mosaic midway be-
tween the lefthand and righthand edges thereof.
The next succeeding -scanning trace will then
start at & point along the upper edge of the mo-
saic midway between the lefthand and righthand
edges thereof, but will terminate in the lower
righthand corner of the mosaic after the first
half line and the succeeding 171 additional lines
are scanned. In this way, each two scanned

‘groups of 171% lines portray, when pleced to-

gether, one complete scanned image. This for-
mation of the image is known as the “odd line”
interlacing method of scanning. However, & 50-
called “even line” method of interlacing the

scanning pattern may also be used. Insuch even °

342 lines of scanning may be assumed, and, in
this cage, the mosaic electrode will then be traced

by the scanning beam along two series of scan-

ning paths which each include 171 complete
scanning lines with alternate lines being skipped
between each traversal.

The method and system to be herein disclosed
is also applicable to that type of electronic tele-
vision scanning system wherein the light of the
image falls upon & light sensitive surface which
emits electrons which are accelerated toward an
accelerating electrode whose central point 1is
apertured. Behind the aperture of the accelera-
tor electrode is located an electron -collecting
electrode. The collecting electrode is main-

_tained at a highly positive potential relative to
10

the photoelectric surface which is of the same
general order as that of the accelerating elec-
trode with respect to the photoelectric emitter
surface. The collecting electrode may, where
desired, be housed within a collecting target cg-
pable of emitting & great number of secondary
electrons per primary electron to be collected by
the target electrode. With a system of this type
the entire bundle of photo-electrons moving
from the photo-sensitive cathode toward the ac-
celerating electrode is deflected electromagneti-
cally or electrostatically in two mutually: per-
pendicular directions so that. the aperture in the
accelerating electrode scans the elemental areas
of the complete bundle of electrons. .

Furthermore, the system to be herein de-
scribed is-applicable to those types of systems
which are known as velocity modulation systems.
In such systems, the rate of scanning the sub-.
ject is assumed to be normally of some constant
value for one predetermined condition of light
and shadow on the subject, but with changes in
the intensity of light and shadow to be repre-.
sented, the velocity of the scanning is changed
to values above and below the assumed normal
value or the change in velocity may take place
only in one direction from the assumed normal
velocity.

Referring now to the systems for receiving
scanned picture subjects, it is customary usually
to provide (still assuming purely electronic types
of image reproducing apparatus, although it is
understood that mechanical forms may be used
where desired) a cathode ray type device such,
for example, as that known in the art under the
trade name designation “Kinescope,” wherein an

2,219,140

electron beam is produced to initiate on the tube
end wall the luminous trace. The electron beam
developed within a cathode ray tube of this type
is projected longitudinally of the tube and fo-

cussed by suitably developed electrical flelds and

by suitably designed electrodes into a sharply de-

‘fined spot which impinges upon & luminescent
‘screen structure supported upon the inner sur-. -

face of the tube end wall opposite the source
from which the electron stream or cathode ray
beam is developed. The developed electron

stream is suitably influenced by the sig-

nals resulting from the transmitter to cause
the resulting luminous effects upon the Ilu-
minescent screen which portray the various in-
tensities of light and shadow upon the original
subject to vary as the beam is moved across the
screen. The deflection of the beam, as in the
transmitting systems, may be accomplished by
sultable electrostatic or electromagnetic beam
deflectinig means or the combination of both, so
that the beam or cathode ray traverses the entire
luminescent screen according to the desired pat-

‘10

15

20 -

tern of traversal, and this pattern may be the -

same as that described for the transmitting de-
vice. L.

The resulting intensity of the luminous trace
produced by the beam bombarding the lumines-
cent screen is determined in varlous ways, and
among those commonly used and to which this
invention is intended to be applicable are the
so-called grid control, the varying area spot con-
trol, -the velocity modulation systems, and the
like. :

Such systems of the prior art while generally
capable of producing televison images at receiver
points of substantially satisfactory brilliance for
small pictures to be viewed nearby in the home
have not been found capable of producing large

size images. Up to the present time, the maxi- ,
mum size of cathode ray tube which could be .

used at a recelver station and which would still
approach§ a practical device has been a type
whose luminescent’screen diameter is of the or-
der of 15’ or less.
the resulting optical image which could be pro-

" duced on such a tube would be an image of rec-

tangular shape having an aspect ratio of width

“to height of the ratio 4 to 3 which would fit with-

in the 15’/ circle. The rectangular shaped sub-
ject is assumed in view of the current practice in
the motion picture industry to provide rectan-
gular shaped screen portrayals of actions, al-
though it is obvious that a circular or a square

 formation of the resulting image could be real-

ized. Such tubes as would produce an image of
this size, which is not sufficiéntly large to be
viewed by large sized audiences are, nevertheless,
both extremely difficult to build and expensive to
buy and, as well, are continually subject to pos-
sible breakage. Hence, for the most part, pres-
ent day television is restricted to that size of
reproduced image which can be placed within

. the boundaries of the so-called 9"’ cathode ray

beam. But, in this connection it should be un-
derstood that this is not a limitation in the theo-
retical capabilities of the system, but rather a
limitation in the practicability and the economi-
cal development of knmown systems.. Even in
cases where the so-called 12’ tube is utilized with

Hence, the maximum size of
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the resulting image pattern of the order of

73 x 10", the image or picture produced upon the
Juminescent screen. is still not. sufficiently large
for satistactory large size demonstrations or suf-
ficiently large to be viewed by large size audi-
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ences. In fact, even for home usage the picture
is usually considered too small to offer any sub-

stantial commercial possibilities unless it be of .

the order of at least 15’/ by 20’’..

Therefore, according to the present invention
it is proposed to provide a system wherein it is
possible to increaseﬂ;he detail or- the definition
obtainable in television pick-ups as well as to
provide a system wherein the resultant image
size may be substantially increased while. pro-
viding even increased brightness and substan-
tially little, if any, additional expense for the
installation over that which it is considered
will be necessary for large sized tubes.
cording to the present invention to be here-
in disclosed, it should be understood that any
large screen television system should ° pref-

erably be of such a type that large size pic- -

tures of the character herein referred to shall
be obtained without any change in the general
nature or characteristics of conventional tele-
vision transmission. Further than this, large
screen television should be capable of being car-
ried out through the use of the now conventional
types of cathode ray devices for reasons of
economy, design, construction, shipping and
usage. R ) ~
In accordance with the present invention,

-however, it is proposed to provide a system where-

in it is possible to increase the detail of definition
obtainable in television pick-ups.
object of this invention to provide & system which
will not only increase the detail of definition to
some extent, but will make it possible to transmit
pictures for television purposes which have a
detail which is substantially that of the currently
produced motion pictures. It is further proposed
in accordance with the present invention to ac-
complish the increased definition and detail with
a single pick-up lens associated with the scan-
ning instrumentality where the lens will be uti-
lized so as to be without parallax or overlapping
effects within the pick-up image.

Further, it is an object of the present ,inven-'

tion to provide a system for increased detail and
definition which can operate while using for
scanning substantially any known type of elec-
tronic or mechanical scanning devices, for ex-
ample, of the types above briefly described, and
at the same time provide a conventionally pro-

duced and simply operating system for obtain-

ing these effects by electronic scanning tube com-
mutation where no mechanical moving parts are
utilized and still ‘obtain the increased detail and
definition on an economically satisfactory basis.

It, of course, will be appreciated that with the

approach of color television, that is, the tele-

vision transmission of colored images on a com-
mercial scale, it will be necessary to increase the
effectiveness and detail of the picture severalfold
since, in addition to the transmission of intelli-
gence corresponding to the. position and lumi-
nosity of each picture element, it will be likewise
necessary to transmit an exact index of the colors
of each element of the subject, and if trichro-
matic vision be assumed, the amount of effective
detail fo be transmitted for color therefore will
be of the order of three-fold that‘required for
black-and-white television.

A further object of this invention insofar as
the transmitter end of the system is concerned,
Is that of providing a simple, effective, and re-
liable method by which & plurality of scanning

tubes. or other electronic scanning devices may

be used simultaneously, and sequentially becomg

Ac- .

It is also an -

3

operative to scan and produce from the scanning
image signals representative of the subject, and
in such connection it is an object of the invention
to provide ways and means by which independent
scanning devices select separated areas or sec-
tions of the subject for analyzing purposes, and
at the same time tubes or scanning elements not
instantaneously effective in the transmission of

signals are so arranged and utilized .that power

consumption is reduced to a minimum.
With respect to the receiver end of the system,

the invention is intended to provide for the pro- -

duction of large television pictures in contrast
to pictures of the sizes above noted; and in mak-
ing reference to large television plctures, it is in-
tended that the size of the picture shall be of the
order of square feet through tens of square feet,
and up to hundreds of square feet in contrast
to the presently known size of pletures which
are measured in the order of square inches, and
still it is an object of the invention to provide
these pictures of large dimensions in forms which
will be of normal brightness and conveniently
useable for theatre or home viewing at comfort-
able viewing distances. T

A further object of this inventién is to provide
a television image reproducing system which will
produce large and bright television pictures which
shall also be of high detail and definition reach-
ing, for example, from the present day types of
pictures customarily considered of the order of
between 300 and 400 lines per picture up to
several times this amount of detail, for example,
pictures having 700 to 800 lines, or even more,

It is a further object of the present invention

to provide a system by which this increased size
and detail in resulting picture can be produced
while utilizing in the process only those present
day types of tubes which are satisfactory for
small size pictures and which can be constructed
and sold cheaply, or to utilize tubes of even small-
er size than those used at the present date, and
still to provide & system wherein: these results
are accomplished with equipment burely electri-
cal in its nature requiring no moving parts and
requiring a minimum amount of maintenance
and attendance.

It is a further object of this invention to pro-
vide a system for reproducing large size pictures,
for example, on translucent screens (but not
necessarily) in such a manner that if the tele-
vision receiver of the nature to be herein de-
scribed is utilized in the home for “deluxe home
pictures,” such a receiver can be viewed by the
audience in any position without the interception
of projected beams by members of the audience,
and in the case of use for theatre installations
on the stage, no equipment need be placed in the
usual motion picture projection room, the entire

. equipment being such that it can be placed read-

ily upon the stage of the theatre.
A further object is to ‘provide equipment for

" producing large size television pictures which

can be assembled so as to be shallow in the di-
rection perpendicular to the plane of the viewing
screen, and .thus permitting its installation on
shallow stages of theatres or any similar form

for use in the home in reasonably - compact

cabinets. ) .

A further-object of the invention with respect
to the receiver arrangement is to provide a series
of receiving electron tubes of the cathode ray
type, for example, which will each reproduce
independent sectional portions of the view to be
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exhibited, and yet to provide a suitable arrange- 7§
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ment for matching on the viewing screen ths

. different sectional portions of that view in such

manner that there will be no discernible distinc-

~ tions between a view reconstructed in sequen-

[ 5 tially produced sectional areas and a view of equa.l
size produced as a unit.

, A further object of-the inventlon is to pro-

vide & system for securing large ‘screen pictures

- which is entirely electrical and involves no mov-

10 ing parts or mechanical complications and to .

provide optical arrangements for producing com-

ponent pictures which are. of utmost simplicity

in their nature and which can be manufactured

and sold at a selling price little, if any, in advance

15 of television systems using but a single 1ma.ge re-
producing tube.

A still further object of the invention is fo

provide a television image producing system

which will use only conventionally and present

20 day typés of equipment with minor structural

and/or ‘operating alterations, and at the same
time to provide a resulting image which will, over

. its large area, be of a brilliance at least equal to -

the brilliance per elemental area of the present

25 day types of small size television images.
A further object of the invention is to provide
‘& television reproducing system- wherein a plu-
rality of separate television reproducing tubes
produce different sections of -the -picture, and
‘80 there is entirely electrical commutation between
the various tubes, and sectional portions of the
. plcture are assembled on different receiving
tubes which are sequentially operated through
suitable control of -the electron beam deﬂect-

35 ing systems.

_ It is also an object of the present invention
to provide a receiver system capable of producing .

the types of large pictures, above referred to,
which will operate with equal fidelity from the
40 present single scanning tube transmitter of the
transmitter systems now generally known or
which will operate to provide increased detail
where receiving signals transmitted from a

transmitting system of the character herein de- -

45 sceribed. In this way, it becomes obvious that an
important part of 'this invention is the feature
of providing a receiver with a multiplicity of
image producing tubes which each produce a se-

lected partial area of the complete image but’

so Which operate with complete control from the

same signals which would control the complete *

.image production on a single image producing
tube.
Aﬂother object of the invention involves the
g5 use of a multiplicity of image scanning tubes
for scanning partial areas of a complete picture
after the formation uponr the light sensitive
scanning surface thereof - of non-parallactic
partial-images, which may result from an aerial
image, for such consequent scanning.

Still a further object of the invention resides’

in the use of & plurality of image scanning

. tubes as well as image reproducing tubes which

may be controlled through the use of "suitable

¢5 deflection bias controls in both horizontal and

vertical directions of scanning so that the scan-

ning beams are suitably retarded or triggered

and become active in any desired sequence so

that the partial images are scanned and/or

70 reproduced according to a pattern equivalent to
the now conventional scanning patterns.

A further object of the invention is that of
providing suitable inter-connections of the de-
flection control systems of each image scanning

78 or reproducing tube so that the sequence of op-

eration may be sultnbly reculahd as ubove
specified.
"An additional object ot the invention is that

of providing suitable ways and means to produce
large size television images through the use of 3

-partial-image area scannings at either or both:

transmitfer and receiver while providing mask-
ing areas of suitable configuration and second-
ary emission properties to produce the desired
type of reproduced electro-optical image, 10

Still a further object of the invention is to
provide suitable means for conserving both tube
life and power consumption by rendering inac-
tive any tube not at the moment utilized in the
system for producing or reproducing image or 18
video signals.

A still further object of the invention resides
in providing suitable ways and means for re-
forming the partial-image areas produced as an
electro-optical image in each of a plurality of 20

. image producing tubes into a single large size

electro-optical image capable of being produced
upon & viewing screen with the partial-image
areas in suitable relatlonship and accurate jux-
taposition. 25
> Another object of the invention is that of
providing by means'of a series of suitably posi-.
tioned partial-image producing tubes a means
to develop a large picture area from the several
partial areas while providing suitable interlocks 80
between the partial area image producing tubes .
to permit the sequential or selected operation of
each to locate the several partial areas in proper
space relationship in the complete area.

Still a further object of the invention is that 38
of confrolling the operation of the several par-
tial-image producing tubes from the deflection
control systems of each tube under the influence-
of a developed control deflection electrical
means for controlling the electron beam deflec- 4o
tiog in each tube In sequence and at the same .
time providing flexibility of operation which =~
may function either at high or low bias values
on each tube deflection system or which may

‘function from & single phase or multi-phase de- 4§
. flection control electrical wave formation.

+ Still another object of the invention is that of ,
rendering tubes in the image producing system
not at the moment effective in producing a
partial area of the complete image area to be 5o

.made inoperative so as to decrease power con-

sumption and increase tube life.

A further object of the invention is that of
providing a large size image producing system
which will function equally well with electro- gg
static or electromagnetic beam deflecting sys-
tems or a combination of both and with all
known types -of intensity control systems for

‘varying ‘the resultant luminous spot intensity.

A still further object of the invention is that ¢
of providing an -array or system of separate
partial-image producing tubes which may as & .
unit be assembled in or as a part of any known
and existing type of electronic television recéiver
apparatus so that when signals of the character 6t
transmitted from any. of the aforementioned
types of transmitter apparatus are received the
produced image on the viewing screen. will be
many times the area of that of the usual and
knowit receiver and will be formed from a series 7T(
of juxtaposed partial-image areas. -

An additional object of the invention is that
of providing a system of concatenated partial-
image producing tubes and their associated and
contromng commutating circuits in such fashion (B

1
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that the system constitutes a unitary electrical
and ‘optical equivalent of, or substitute for, a
single conventional cathode ray tube (except for

the greatly enhanced definition or size of the-

total image thus producible). '

-It is a further object of this invention to ar-
range for the automatic juxtapositioning in ac-
curate registry of the partial areas which, in
their totality, form the total picture. :

Many other objects and advantages of the in-
vention will, of course, be appreciated from a
consideration of the following specification and
claims in connection with the accompanying
drawings wherein:

Fig. 1 shows schematically the area division
of the complete image size as distributed to the
several independent image scanning tubes:

Fig. 2 diagrammatically illustrates the ar-
rangement for directing the light of the image
subject to independent image scanning tubes, al-
though this figure (like other figures of the draw-
ings) is not intended to be drawn to scale;

"Fig, 3 illustrates schematically a front view of
the light distributing system of Fig. 2;

Fig. 4 represents a side view of the arrange-
-ments of Figs. 2 and 3;

Fig. 5 is a.schematic diagram representing
conventionally a transmitter wherein four suit-
ably positioned image scanning tubes are ar-

ranged to scan partial areas of the complete -
- scanned area and to supply the output signals

‘resulting from scanning to the transmitter

system;

Fig. 6 illustrates schematically one form of
arrangement of the deflecting electrode control
system for a plurality of independent image
scanning tubes arranged to scan the subject by
division into four jJuxtaposed partial-image
areas; ,

Fig. T'indicates a modification of the arrange-
ment of Fig. 6; ' ’

Fig. 8 conventionally répresents the wave form
of the electrical energy used to - deflect the
cathode ray beam in the image scanning tubes
of Fig. 6; : :

Fig. 9 schematically illustrates tlie position of
the scanning spot of the cathode ray scanning
tube of Figs. 2 through 4 over a plurality of the
mosaic areas of the scanning tubes of the said
Figs. 2 through 4; .

Fig. 10 is a chart to illustrate the scanning pat-
tern traced across the independent image scan-
ning tubes:

Fig. 11 illustrates schematically the optical sys-
tem for a singlé tube of the reproducer;

Fig. 12 diagrammatically represents the meth-
od for adjusting the areas of reproduction of the

. scanning pattern of any individual active tube in

. the reproducer system;

Fig. 13 diagrammatically represents the elec-
trical wave formation used to deflect the cathode
ray beam in the several cathode ray reproducing
tubes at the receiver;

Fig. 14 .represents diagrammatically the view-
fng ends of a large number of independent re-
producing tubes used to re-assemble a complete
picture;

Fig. 15 is a modification of a portion of the ar-
rangement of Fig. 14 but shows only a part of
the total number of tubes: '

Fig, 16 is a chart to illustrate the operation of

the receiver as compared with the operation of

the transmitter shown by Fig. 10;

Fig. i7 illustrates one form of arrangement to
control in sequence the beam deflection in the
several tubes of the receiver arrangement;

5

Fig. 18 conventionally represents the scanning

pattern trace when scanning a partial area in
-one extreme position in the composite area:

Fig. 19 represents a modification for scanning
a different and more central area than that
shown by Fig. 18; . .

Fig. 20 represents schematically a receiver Sys-
tem by which received signals may be recon-
structed into electro-optical images;

Fig. 21 is a series of curves representing dia-
grammatically the wave formations serving ' to
control the deflection of the developed electron
beam in each of the partial area image producing
tubes of the receiver. In this figure, curve q in-
dicates the manner of operating with g mono-
phase multi-bias high level system; curve b indi-
cates the operational method for a mono-phase
multi-bias low level system; curve ¢ indicates the
control utilizing a multi-phase single bias, high
level control system; and curve d indicates the

changes where a multi-phase single bias low lev--

el system of control is utilized;

Fig. 22 schematically represents a receiver SyS=-
tem adapted to operate to produce beam deflec-
tion control as multi-phase control impulses for
the reproducer tube deflection systems;

Fig. 23 is a schematic representation of a phase
shifting arrangement for forming the multi-
phase controlling electric waves for controlling
the several partial image reproducing tubes;

Fig.24{sa c}i,agramr'natic representation of the
wave formations resulting in the several outputs
of the phase shifter of Fig. 23; .

Fig. 25 schematically indicates the energy out-

“put control for operating a low level system for

is;inlgle phasé control as well as multi-phase con-
rol; -

Fig. 26 is a diagrammatic showing of one form
of arrangement for conserving power in a maxi-
mum degree on the cathode ray tubes not in-
stantaneously usable in image scanning or re-
producing;

Fig. 27 shows schematically a modification of
the system of Fig. 26 but reduces the actual power
saving from that saved by the arrangement of
Fig. 26; - .

Figs. 28 to 30 each represent slight modifica-
tions of the arrangement of Figs. 6 and 7 and ap-
ply particularly to electromagnetic beam deflec-
tion systems. : :

Fig. 31 represents a simplified and automatic
form of control with provision made to cause
bermanent juxtapositioning of the several par-
tial images irrespective of voltage fluctuations
tending: to cause changes in the dimensions of
the several partial or component areas which are
scanned; .

Fig. 32 shows schematically one suitable ar-
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rangement to maintain suitable juxtapositioning

«and matching of contiguous portions of a four
tube partial-image scanning or reproducing sys-
tem; '

Fig. 33 shows diagrammatically the partial or
component scanned areas (like Fig. 1) with the
dotted outlines indicating the change in position-~
ing of the partial areas with voltage changes on
the deflecting electrodes deflecting the scanning
beams; . ’

Figs. 34 and 35 represent slight modifications

 for beam deflection wherein the biasing voltages

are applied in parallel with the deflection volt-
ages; :

Fig. 36 represents a multi-tube arrangement

wherein the biasing voltages are applied in paral-
lel with the deflection voltages in accordance

with the showing in Figs. 34 and 35; and

60
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Fig. 37 represents a modification of the optlcal
system of Fig. 11 in order to utilize reflecting

members for producing juxtaposition of- partial-

image areas on the viewing screen.

5 If reference is now made to the dra.wlngs ac-
companying this disclosure for a further under-
standing of the aim§ and objects of this inven-

tion, it will be found that to understand more.

definitely the true nature of the desired results
it will be desirable to consider first a specific ex-
ample of one system embodying this’ invention.
However, it should be understood that this spe-
cific embodiment is purely illustrative and it is
not intended that the example chosen shall
either represent a limit of the possibilities of the
system nor place a limitation upon the type and
character of the system to which the invention is
applicable. Therefore, any values or parameters .
herein assumed for illustrative purposes must be
considered as being given merely to aid in the
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understanding of the true nature of the inven-

tion,

It it is assumed that the presently available
average electronic television system for transmis-
sion is satisfactory for a 360 line picture (a con-

.venient number which is close to the 343 line
. systems which have already been tested), it can
- be appreciated, with the picture to be repro-

duced having an aspect ratio of 4-to-3 for width

would be composed of 172,800 separate and dis-
tinet = picture elements, neglecting elements
used in line-return times. Accordingly, such a
25 picture would have appreciably less definition
If it is assumed that & 720 line picture is to be
produced in a television viewing screen such s
picture should have equivalent line dimensions
of 720 x 960 (that is, a 720 line picture having
40 the 4-to-3 aspect ratio) and would be composed
of 691,200 separate picture elements.
picture would be substantially or reasonably the
_ equivalent in entertainment value and audience
satisfaction to the motion picture films projected
45 in theaters. From this example it will be seen
that such a picture would contain four times the
detail of the assumed 360 line picture and, there- -
fore, such a picture might be considered as made
up from four separate adjacent .omponent pic-
50 tures of the 360 line or 172,800 element variety.
. This latter type of picture is readily obtainable
with presently existing equipment.
It thus follows that a picture formed Irom
four adjacent component pictures’ of the 360-
55 line type, shown by Fig. 1 of the drawings, where
the component images 1, 2, 3 and 4 are assumed,
may be developed where each of the partial areas
is scanned by a separate and distinet scanning
instrumentality of the type herein above sug-
60 gested. The boundaries of these separate com-
ponent images are indicated for the area ! by
the numerals 5, 6, 7 and 8; for the area 2 by
the numerals 6, 9, 10 and 7. Similarly, for the
area 3, the boundary limits will be defined by the
65 numerals 8, 1, II and 12; while for the area 4
the boundary limits included are included within
the area included by the numerals 7,
and i{.
From the foregoing, it can be seen that the
70 boundary of the entire picture area or image
subject which is to be scanned by the several
transmitting tubes comprises the entire area rep-
resented by all of that field of view within the
boundary limits §, 9, 13 and 12 and is thus formed
7s by juxtaposing and matching together all of the

- 2,319,149

and height, that the produced picture image -

than the usual motion picture shown in theaters.:

This latter

10, 13

o -

several pa.rtial-lmage ;.reas The arrow 151is in-
tended to indicate the direction.of horizontal
scanning, while the arrow {8 indicates the di-
rection of vertical scanning. As above suggest-
.ed, this scanning action of the several areas may
be of -either the sequential or the interlaced or
other suitable pattern type, as desired.

If, now, it is assumed that each of the partial
areas 1, 2, 3 and 4 is scanned by a separate
scanning tube and each separate scanning tube 10
has its own optical system for picking-up the
image areas i, 2, 3 or 4 co-ordinated therewith, '
parallax effects of ordinarily known -systems
would substantially prevent the. matching and
smooth association and juxtapositioning of -the
several partial areas without dividing lines of the
four component or partial-images from the four
separate scanning tubes assumed. Therefore, in
order to scan a ‘plurality of component image
areas which will readily match at the receiver.20
and which will nbt exhibit line effects from the -
dividing line areas, &n optical system for the .
‘purpose of obtalning a single image from & single
lens which will divide the complete areas B, 9,

{13 and (2 into the four component areas so as to 25
provide four separate and non-parallactic 1mages
should be provided.

. Making referénce to Figs. 2, 3 and 4 of the
drawings, one suggested form of such an optical
system has been shown, although it is to be un-<
derstood that other optically equivalent systems
may be used. Considering first Fig. 2, there is:
shown the plan view of such an optical system
which includes the showing of two of the four
assumed image transmitting tubes. The image
of the complete area embodied by the several
partial-image areas I, 2, 3 and 4 is projected
along & path 1§ through the objective lens 17
which has the optical axis 15, 18 so that there
is formed an aerial image of the object to be
scanned at the aerial image plane 20°, 21’. In
this arrangement, the reflecting surface 23, which
may be a mirror or the hypotenuse of a glass
right-angled or other svitably formed prism act-.
ing as an efficient reflector, collects a portion of
the light of the image passing through the ob-
jective {1, so that the light rays which strike
the reflecting surface 23 are then projected typi-
cally along the path 28, 26, 2T through the auxil-
iary lens system 29 so as to fall upon the light
sensitive surface or mosaic electrode structure
of the image scanning tube 30 (herein illustrated
solely by a conventional showing). The lens 28
is so positioned as to focus the image rays which
,are reflected from the reflecting. surface 28 upon 8§
the photosensitive screen 31 of the image scan-

ning tube 30, and thus the lens 29 will be under-
stood to be positioned adjustably for the purpose
of forming the said image on screen 31.

In directing the light of the image along the
path 25, 26, 21, 32 (circle 32 is intended to show
receding ray of light to the photosensitive mosaic
3i of the image scanning tube 30) there is posi-
tioned in the path of the light a reflecting sur-
face 33 so that the light passing beyond the ob-
Jective 29 impinges upon this reflecting surface
33 prior to striking the photosensitized mosaic
of the transmitting tube. It should be under-
stood in this connection that one suitable form
which -the photosensitized mosaic or light sensi-
tive electrode structure may assume is an elec-
trode of the general character shown by the
United States patent of Sanford F. Essig, No. .-
2,065,570 granted December 29, 1936, although it
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screen may be of ariy of the general types re-

" ferred to in the opening portion of this disclo-
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sure. Similarly, the transmitting tube is as-
sumed to be one of the type hereinabove referred
to as having been described by Zworykin. .
In the conventional form of apparatus exem-
plified by Fig. 2, the image scanning tube 30 is
assumed to have an oblique stem 34 in which is
positioned the electron gun structure, not shown,
for developing a focussed eleétron beam or cath-
ode ray pencil for the purpose of scanning the
photosensitized mosaic 31, as has also already

been described by Zworykin. Signals are pro-

duced by scanning the mosaic electrode in this
type of system in known manner and result from
neutralization of the electrostatic charges ap-

pearing upon the mosaic electrode and which in .

magnitude represent the corresponding elemental
areas of the light image. Signal output may be
taken directly from the signal plate of the mosaic
electrode or may be the signals produced by séc-
ondary emission resulting from the scanning
cathode ray striking the photosensitive mosaic
electrode surface. Whatever the type of signal,
that signal which is developed is transmitted
through an amplifier system to g transmitting
channel as shown more particularly by Fig. 5
which represents a conventional showing ef the
complete transmitter assembly and, as will be
evident from what is to follow, there will thus be
scanned, by means of the transmitter tube 30,
a component partial (quarter, in the suggested
illustration) image, such as the partial-image
area | of the complete image areas 5, 9, {3 and 12.
Similarly, the light’ of another quarter of the
image, as shown by Fig. 2, is projected along the
path 35, 37, 39, 45 throuch the copying lens 40

to the mosaic electrode structure 41 of a second

image transmitting tube 42. This forms a sec-
ond partial or component image, such as the
image area 2 of the complete image areas §, 9,
13 and .12.

Like the first partial or quarter area or com-
ponent part I, the second partial-image area 2
is also reﬂected from a reflecting surface 43
similar to the surface 23 so as to strike a reflect-
ing body 44. The reflected licht image is thus
brought to focus by means of the adjustable ob-
jective 4@ on the plane 45 on the photosensitive
mosaic electrode. Within the neck portion 46
of the image scanning tube 42, there is also pro-
vided an electron gun structure (not shown) from
which is developed a concentrated electron scan-
ning beam for the purpose of scanning the mosaic
41 in the same manner that the beam developed
within the scanning tube 30 scans the mosaic
electrode 31. 'Thus, it will be appreclate}i that
two of the component or partial-image areas
{ and 2, for example, are properly subdivided
and caused to influence the mosaic electrode
structure of two separate image scanning tubes.

Due to the plan view showing of Fig. 2, the
scanning tubes for the partial .or component
image areas 3 and # cannot be {llusirated. There-
fore, turning to the showing of Pig. 3, which is

‘Intended to be a view looking at the front of the
set-up in the direction from which the.licht

image shown by the arrow of Fig. 2 impinges up-
on the objective 17, the light of the image en-
ters the objective perpendicularly to thé plane of
the paper. Upon passing through the objective
17 the light image impinges upon the reflecting .

surface 23, herein indicated as being within the

_boundary. limits 48, 49,50, §1 and from the re-
ﬂecting surface 28 the light of the “image, -8

shown by Fig. \2 passes through .the objective
28 to the reflector 83 and thus onto the mosalc

.

-eleetrode structure 31 -of the transmitting tube -

30. The light entering the objective 17 which
follows the path 35, 37, 39 through the objective

40 is reflected from the reflecting surface 21,

having the boundary limits 49, 52, 63, 60 to pass
through to the reflectiig surface 44 and onto the
mosaic electrode structure 41 of the transmlttlng
tube 42..

Thus, as is shown diagrammatically by Pig. 3,

10

the two component or partial-image areas | and

2 are projected upon the mosaic electrode struc«
tures 31 and 41 of the tubes 80 and 42 respective-
1y, and likewise the component or partial-image
areas 8 and 4 of Fig. 1 are projected upon the
mosaic electrode structures 54 and 55 of trans-
“mitting’ tubes 56 and ‘57, these being similar to
tubes 30 and 42.
objective 1T which is representative of the com-
ponent or partial-image areas 3 and 4 of Fig. 1
.passes through to’the point 56; for example, on
the reflecting surface 28. It is then. reflected
through an adjustable copying lens 51’ to g re-
- flecting surface §8, similar to the surface 33 so
as to follow a path 56, 59; 60 at the terminstion
‘of which the Jlight image comes to impinge upon
the mosaic electrode structure 54 of the image
transmitting tube 56. The transmitting tube 56,
like the tubes above' described, also has a neck
portion 61 wherein is provided a suitable electron
gun structure, not shown, for devel‘bplng a con-
_centrated electron beam which when acted upon

* by suitable deflecting fields is caused to scan the

mosaic electrode structure $8. Thus, the com-
‘ponent or partial-image area 3 of Fig. 1 will be
scannedand the signals which represent the light
image upon the mosaic electrode 54 will be trans-
mitted by means of suitable transmitting appa-’
‘ratus of the type to be described herein. Similar-
1y, light of the partial or component area 4 which
_passes through the objective and onto the re-
flecting surface 43 will be redirected to pass
along a path desighated 62, 63, 64 to impinge
upon the mosaic electrode structure 55 of the
image transmitting tube 57. As the light repre-
senting the partial or component area 4 is di-
rected along the path 62, 63, 64, it is passed

through an adjustable copying lens 65, similar to
-850

the copying lens 40, and is reflected as focussed
light rays upon the mosaic electrode structure
.85 by means of the reflector 66 simllar to the
reflector 44.

From the above it will be appreciated that each

of the four partial or component part areas I, 2, .

3 and 4 into which the complete image areas 5,
9, 13 and 12 are assumed to be, divided, is di-
“rected by way of a single optical system so as to
fall upon four distinctly separate electronic
image transmitting tubes by means of a non-
parallactic system. The light beam path for the
. corresponding partial quarfer image can ‘be
limited as desired by opaque masks or apertures
properly placed in the system. Such masking
members,; while'not shown, define or limit in ob-
vious manner the partial or component image
dimensions on each of the four photosensitive

mosaic electrode structures 31, 41, 54 and 65 as
. required, In case the edges of the partial orcom-

ponent images are not sharply defined but are
shaded to a slight extent, this shading will have
little or no detrimentsl effect on the complete
system provided the shaded areas overlap in the
entire re-constituted area.

In order to.complete the graphic description
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8
of the optical system of the scanning arrange-
ment, Fig. 4 shows a side view of the arrange-
ment . of Figs. 2 and 3. In Fig. 4 the light of the
image, as.in Fig. 2, is passed through the ob-
Jective 17 to strike the.reflecting surface 43, in-
dicated as being bounded by the boundary limits
49, 52, 53, 50; and the light reflected from this

reflecting surface along the path 317, 3% of Fig. 2

is then passed through the objective 40 to strike
the reflecting surface 44 indicated in Fig. 4. This

_ light path is indicated as being within the bound-

ary limits 72, 13, 74, 15 and the light ‘image of
the desired area thereafter impinges upon the
photosensitive mosaic electrode structure 41 of
the transmitting tube 42. Similarly, the image

- transmitting tube 57T is energized by the light

passing through the objective65 to fall upon the
reflecting member 66 (indicated as being within
the boundary limits 18, 18, 13 and 12) so that
the fnally reflected light image falls upon the

light sensitive mosaic electrode structure §5 of

- 30

35

tube 51, and another of the several partial or
component image areas is thus translafed, when
the elecfrode 53 is scanned into image or video
signals.

In the teregoing description of the manner in-
which the complete image areas 5§, 9, I3 and 2 .

are divided into its component parts or partial-
image areas I, 2, 3 and 4 by the non-parallactic
‘optical system of Pigs. 2, 3 and 4, the various
parts of the system and the ir.age transmitting
tubes have not been described in any great detail
due to the symmetrical structure making a de-
scription of a single one of these various parts
adequate for the purpose. However, it should
be noted in connectior - with the arrangements

of Figs. 2, 3 and 4 that each of the component or
partial-images has, in the illustrated case, one -

identical characteristic. which is that each has
the same “aspect ratio” which corresponds to
that of the entire image area (and this will be
assumed as being of a ratio of 4-t0-3 for the hor-
jizontal to the vertical dimensions).
a suitable photosensitive mosaic electrode struc-
ture at the aerial image plane 20°, 21’, for ex-
ample, on the plan view 2 of Fig. 2 and at 49, 50
of the side view, the outline of the complete pic-
ture is determined.
To summarize now the descriptions of Figs. 2,
3 and 4, it is a function of the arrangement of
. the optical system of these figures to produce
from a suitably formed aerial image of a subject,
a group of non-parallactic component or partial-
images which - should preferably, though not
necessarily, each ‘'be of the same aspect ratio.
Each of these separate component or partial-im-
ages is then focussed in suitable manner on the
( photosensitive mosaic electrode structure of - a
- " separate image transmitting tube. The mosaic
electrode of each of the independent transmitting

tubes is then connected.to an output circuit, as .

more particularly shown by Fig. 5 wherein is

represented a conventional connection to a trans-.

mitter circuit. The. juxtaposibility of the par-
tial-images is requisite, and is obtained as de-
scribed.

As described by Fig. 5, the separate image

. transmitting tubes 30, 42, 56 and 5§71 (scanning

70
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the partial-image areas indicated on each dia-
grammatic showing) are preferably connected
through separate amplifiers 81, 82, 83, 84 whose
outputs feed a common video frequency amplifier
85. The output of the video frequency amplifier
85 is then supplied in conventional mianner to
the oscillator modulator component illustrated at

By locating

8,919,149 _ ,

86. The resulting signal modulated carrier is
transmitted by way of the radio link 87 or by a
suitable co-axial cable to desired points of re-
ception. The emplifier components 81, 82, 83 and
84 may, for example, be of the general character
and - description shown by U. S. Patent No.
2,045,315 issued to J. P. Smith, or an equivalent

type amplifier capable of producing undistorted .

amplification throughout the desired frequency
range. Where desired the: output energy from
earh mosalc “screen of the several transmitter
tubes may be primarily amplified through the use
of suitable secondary electron emission amplifiers
of the character described by Zworykin, for ex-~
ample, in the Proceedings of the Institute of Ra-
dio Engineers for March, 1936, vol. 24, Number 3,
pages 351 et seq. In any case, the outputs of the
several transmitter tubes are connected either in
parallel,. serles-parallel or in series, depending
upon the forms of hook-up proving most adapt-
able to the constants of the thereto connected
circuits into a common amplifier output such as
shown by 85.% In connection with the amplifier
85, it should be noted that this amplifier also
should be one of such a character as to amplify

in an undistorted manner and without phase’

shift a wide band of frequencies which will ex-
tend from the lowest frequencies such, for ex-
ample, as the fleld or frame frequency of scan-
ning up to the highest modulation frequencies.
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In this instance, also, this amplifier may be of
the general type shown and described in the said -

patent to J. P, Smith No. 2,045,315 although other
forms of wide band amplifiers may readily be
substituted, the illustration being merely to show
one form of amplifier which has been found sat-
isfactory for the combination of apparatus claims
herein described.

In order to provide for the ‘scanning of the var-

_lous component image portions which are pro-

duced on the various transmitting tube devices or
tubes known and used under the trade-mark des-
ignation “Iconoscope,” shown by Figs. 2 through 5
inclusive, the present invention involves still an-
other fundamental feature which comprises the
coordination of the scanning beam deflections in
the various transmitting tubes.
tion, if the usual and conventional types of de-
flecting circuits were used, it is obvious that the
picture obtainable from the output amplifier of
the transmitting tube mosaics would be a mere
jumble consisting of.the superposition of the four
assumed component quarter images. Therefore,
" to overcome this possibility it is necessary to pro-
vide ways.and means to adjust the position, time
and phase of the respective scanning beam de-
flection forces, irrespective of whether electro-
static or electromagnetic deflection is being used,
for the various image scanning tubes. For this
purposé, it should be understood that each of the
transmitting tubes 30, 42, 56 and 57 is provided

a combination of both) deflecting systems suit-
ably energized although the deflection systems
have not been illustrated for the sake of provid-
ing clearness of illustration and avoiding possible
complications in connection. with the descrip-
tion of the optical system of Figs. 2, 3 and 4, and
in this connection reference should be made to
Figs. 6 and 7. With position, time and phase
adjustments of the respective scanning beam de-
-flections across.the mosaic electrode structures
of the various transmitting tubes properly ad-

In this connec-
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justed, the four component quarter images may -
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tions of a single complete image of the usual sort
on 2 single image transmitting tube screen, that
is, referring again, for example, to Fig. 1, the
normal scanning of the complete image areas §,
9, 13 and 12 should determine the scanning of
the component partial images 1, 2, 8 and 4. Each
component image may be scanned with the full
detail of which the corresponding individual im-
age transmitting tube is capable.

Accordingly, by the arrangement shown by
Figs. 6 and 7 of the accompanying drawings
taken in connection with Fig. 8 showing the op-
erational principle thereof and also Fig. 5 where
the portions of Figs. 6 and 7 are schematically
shown, ways and means are provided for adjust-
ing the position, time and phase of the respec-
tice scanning beam deflection forces upon each

separate image transmitting tube. In brief, this

comprises impressing upon each deflecting ele-
ment, that is, the electrostatic deflecting plate
electrodes or the electromagnetic deflecting coils
of the individual cathode ray image scanning
tubes, depending upon whether electrostatic or
electromagnetic methods are used, energy having
two component values. One of these components
is a deflecting component capable of deflecting
the scanning beam for each scanning tube.ver-
tically or horizontally respectively by an amount
equal to twice (still assuming the illustrative ex-
ample of four partial-image areas given by Fig.
1) the distance necessary to cross the component
or partial mosaic screen in the conventional
manner of scanning. The second component is
a constant individual negative deflecting bias,
that is, a bias opposing the deflection in the nor-
mal direction. .

Referring now for a moment to the showing of
Fig. 1, for the horizontal deflectors of the quarter
images f and 8, the negative deflecting bias will

.be zero. Similarly, for the vertical deflectors of

the quarter images { and 2 of Fig. 1, the negative
deflecting bias will be of a zero value. For the
horizontal deflectors of the quarter images 2 and
4, there is provided a negative deflecting bias of
sufficient value to prevent the scanning beam of
the image transmitting tube co-ordinated with
these particular elemental areas, as shown by
Figs. 2, 3 and 4, beginning to move horizontally
across the mosaic electrode structures of the
transmitting tubes co-ordinated with these par-
tial areas until just subsequent to the time when
the scanning beam of the image scanning tubes
coordinate with the component of partial image
areas | and 3 has completed the traversal across
those areas, as the case may be, depending upon
which of the component or partial-images is be-
ing scanned; that is to say, the horizontal scan-
ning of any line of the component area 2 is in-
hibited by negative deflection bias until the scan-
ning of the first portion of this particular line
has been completed for the image scanning tube
scanning the component area {. Similarly, with
respect to the vertical deflection of the quarter
images 3 and 4 a negative deflecting bias suffi-
cient to prevent the scanning beam from begin-
ning to move vertically across the picture illumi-
nated portion of the image scanning tube coordi-
nated therewith is provided until just after the
scanning heam in the quarter image sections f or
2, as the case may be, shall have completed the
vertical scanning or vertical motion for the par-
tial images of the screens | and 2 respectively;
that is, the vertical scanning of any portion of
the component quarter image area 2 is inhibited
by a negative deflection bias until the vertical

_scanning tubes.

9

scanning of the higher portion of the plcture con-
tained in the quarter image area | has-been com=
pleted. /

In some instances, it will be found desirable to

shield the non-active portion of the scanning tube .

mosaics, that is, the portions which are not nec-
essary for the formation of the corresponding
component or partial-image (in the illustrated

‘instance a quarter image) by means of an internal

conducting shield to provide the limiting dimen-
slons for scanning. Such shield may be either
grounded or maintained at some other convenient
and substantially constant potential relative to
the electron source. This has not been shown in
detail by the drawings although it is readily ap-
parent as to how the connection may be made.
Thus, whenever the scanning beam in any given
scanning tube is outside the quarter image scan-
ning area of the mosaic it will impinge upon the
conducting shield in question and there will be
no scanning of the mosaic or output therefrom.
For this purpose, the conducting shield of the

surface should be free as nearly as possible of sec-

ondary emission and, thus, may readily be formed
as a colloidal graphite surface or a metallic sur-
face coated with material from which secondary
emission either does not take place or less than
one secondary electron per impinging of any pri-
mary electron is released. As above suggested,
the opening of the shield permitting the passage
of the scanning beam to the mosaic screen should
have the same aspect ratio as-the desired quarter

image. In the example herein illustrated and

selected for the purpose of illustrating the inven-
tion, each quarter image will, as previously sug-
gested, have 360 horizontal lines and be composed
of 480 picture elements (elementa! areas) per
scanning line. The scanning beam on each im-
age transmitting tube mosaic electrode will be
effective for scanning of the picture illuminated
area on such a mosaic electrode one-quarter of
the total time. The output from the video fre-
quency amplifier 85 connected to receive the out-
put from scanning of the four mosaic electrode
structures of the separate transmitting tubes, still

assuming the above example of four partial areas, .

will be used to modulate the television trans-
mitter, whether for wire or radio transmission,
together with the injected synchronizing signals,
background control signals and the like intro-
duced into the transmitter in a manner well
known in the art. )

Referring now more particularly to Fig. 6, there
is shown one method of applying the negative de-
flecting bias on the deflector plates of the image
The deflection in Fig. 6 is as-
sumed to be electrostatic although obviously elec-
tromagnetic systems may be used or a combinge
tion of electrostatic and electromagnetic. 'The
image scanning tubes 30, 42, 56 and 57 are shown
as arranged according to the pattern of Fig. 3
and the tubes are shown with a sectional view
through the neck portions 34, 46, 61 and 89 re-
spectively. Immediately ahead of and inter-
mediate the base portion of the tube neck and the
mosaic electrode structure, are arranged the com-
plete deflecting electrode pairs. The tube 30, for
example, is provided with vertical deflecting
plates 90, 81 and horizontal deflecting plates 92,
83. Similarly, tube 42 is provided with vertical
deflecting plates 94, 95 and horizontal deflecting
plates 96, 97 while vertical deflecting plates 98
and 99 and horizontal deflecting plates 100 and
101 are provided for the tube 56. Similarly, tube
51 has vertically deflecting plate pairs 102 and
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108 and horisontal deflecting plate pairs 194 and
108.

From what was above stated in considering
Fig. 1 and the relationship between the biasing

voltages to be applied to the image scanning-
tubes 30, 42, §§ and 87 for scanning the compo-

nent or partial areas I, 2, 3 and 4, it can be seen
that with no horizontal biasing being required
on the deflection system for scanning areas |
and 3, the deflecting plates 82 and 100 may be
tied together and similarly, since no verticai bias
is required for the tubes scanning the areas |
and 2, the vertical deflecting plates 88 and 94
of tubes 38 and 42 may be tied together. Like-
wise, since tubes 42 and 87 which scan the areas
2 and 4 must be biased for horizontal scanning,
the horizontal deflecting electrodes 88 and 104
may be tied-together and for the tubes 56,and
87 scanning the areas 3 and 4 since vertical bias
is'required the vertical deflecting electrodes 98
and 102 may be tied together. In each instance,
the deflecting electrodes tied together are con-

. nected, as will be herein explained, to the source

of sawtooth voltage 118 or 108 for deflecting the
electron beam passing through the tube neck and
projected therefrom toward the mosalic struc-
ture. All of the lower vertical deﬂecting ‘elec-
trodes 91, 85, 99 and 103 are tied together and
gimilarly all of the right hand horizontal de-
flecting electrodes 83, 91, {01 and (0% sare tied
together assuming left to right and top to bot-
tom scanning. For the purpose of providing
horizontal deflection of the cathode ray beam,
the horizontal deflecting electrodes 83, 87, 101
and 105 which are tied together are connected

through a conductor 107 to one terminal point of

the horizontal saw-tooth voltage wave source
168. The horizontal and vertical saw-tooth volt-
age wave sources 108 and [186, although operat-
ing at different frequencies, may be of any de-
sired type and character such 'as a dynatron
oscillator so connected as to develop a saw-tooth
wave formation output, a grid glow tube and
condenser combination, a blocking oscillator, or
any other desired and known formation of ap-
propriate deflecting voltages.. To the horizontal
deflecting electrodes 92, and. 180, to which no
bias need be supplied, a connection is made by
way of conductor (09 to the terminal of the saw-
tooth voltage wave source opposite from the ter-
minal to which the conductor {07 is connected.

In order, however, to provide suitable biasing

voltage which must be overcome in order to pro-

88 duce any horizontal deflection of the electron

beam within the tubes 42 and 51, there is pro-
vided a constant voltage source (any desired type
such as a battery, for example). or bias {10 which
has one terminal connected by way of the con-
ductor 111 to the terminal of the saw-tooth volt-
age wave source with which the conductor 109
connects, and its opposite terminal connects by
way of conductor 112 to the horizontal deflecting
electrodes 86 and 104. In order to reduce capac-
ity effects and to permit. the undistorted -passage
of the deflector voltage, the constant voltage bias
source {10 may be shunted by whatever combina-

- tlon of resistance, inductance and capacity, such

70
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as that conventionally illustrated by 113, is- re-
quired.

The constant voltage source 110 may be of any
desired type such, for example, as biasing bat-
" terles or the equivalent. In order to provide for
‘the vertical deflection and for the biaslng of the

2,310,149

system for scanning the lower component areas
3 and 4, a similar constant voltage source 114

-shunted by a capacity (18 or other suitable by-

pass is provided in conjunction with the vertical
saw-tooth voltage source 116. - The tubes 30 and
42, upon whose vertical deflecting electrode sys-
tem no bias voltage is applied have thelr vertical
deflecting’ electrodes 9¢ and 94 connected by way
of conductor {117 to one terminal 118 of the saw-
tooth voltage source f16. The opposite terminal
118 of the saw-tooth voltage source connects to
all of the vertical deflecting electrodes 81, 95, 99
and 103. In order now to apply to the tubes 56
and 57 the necessary vertical bias on the deflec-
tion system, the vertical deflecting electrodes 88
and (02 are connected together and connected
by way of conductor 128 with the constant volt-
age source II4 (similar to source 110) and
through conductor 121 back to the terminal 118
of the saw-tooth voltage source for vertical de-

flection. It thus can be seen that there is pro-

vided with the arrangement of Fig. 6 a conveni-
ent means for biasing and controlling the opera-
tion of sequentially related scanning for each of
the tubes coordinated with the pa.rtial or com-
ponent areas i, 2, 3 and 4.

In casés where a separate signal source of im-

‘10
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pulses for providing deflection 'and synchronism . '

is utilized, each of the saw-tooth voltage sources
108 and 116 may be supplied with an impulse at
desired points in the scanning cycle in order
that there may be no drift or variation in the
rate at which the saw-tooth impulses are devel-

_oped. Such a synchronizing source 108’ may be

of the general type described by J. P. Smith in
U. S. application, Serial No. 8659, filed Feb. 28,

1935, now issued as United States Patent No.

2,132,655, or even of the type disclosed by A. W.
Vance in U. S. application, Serial No. 727,091,
filed May 23, 1934, now issued as United States
Paterit No. 2,105,870. The impulses developed
in the source {08’ then serve to control (as dia-
grammaticaly {llustrated by Pigs.-5, 6 and 7)
the synchronization of the sources .of saw-tooth

“voltages 108 and (168 and additionally serve to

bias the image scanning tubes during return
periods and still further serve to. supply syn-

‘chronizing and blacking effects in the signals

transmitted. The manner of operation of the
synchronizing signal generator has been fully
described in the aforesaid Smith application and
is herein illustrated merely in connection with
its application to a completeness of this dis-
closure. The saw-tooth impulses developed from
each source or.resulting after passing. through

_appropriately connected wave ‘shaping circuits

energized from the sources 108 and 116 are of
the general formation shown by Fig. 8. Refer-
ring now to Fig. 8, the action resulting from the
negative deflector bias above described is more
pictorially illustrated. In this figure, numerals
130, 131, 132, 133, 134, 136 represent the general
wave form of the deflector voltage active upon
the tube deflecting plates. The ordinate value
137, 138 designated a, represents a voltage which
is substantially one half that corresponding to
the peak value obtained at .the point 133 on the
deflector. saw-tooth wave, and this voltage is the
negative deflector voltage or bias which is ap-
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and 104, 105, for example. As .the deflector

voltage rises from a zero value indicated at the

point 131 to the value indicated ‘at the point 132,
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that is, the ordinate value a, for example, the
scanning beam controlled by the plate pairs 92,
83 and 100, {01 at once moves fully across the
mosalc electrode screen of the image scanning
tube coordinated with the partial-image areas
and 3 except that it is prevented from doing so
only so far as the quarter or partial area 8 is
concerned by the fact that it is kept off the screen
by the vertical negative bias on the vertical de-
flector controlling the scanning beam on the
mosaic electrode structure of that tube coordi-
nate with the image area 3.

As soon as the deflector voltage exceeds the
value indicated by the ordinate a (that is, at the
point 132) the following condition occurs: The
scanning beam of the quarter image or com-
ponent ares { of Fig. 1 moves onto the conducting
mask which delineates the outline of the active or

useful area on the mosalc electrode structure.:

Therefore, this scanning beam has no further
effect in producing the video frequency or the pic-
ture scanning signal output. Simultaneously, the
scanning beam for scanning "the electrostatic
image produced by the partial or component area
2, which has been held on the conducting mask
of the mosaic screen of the coordinated trans-
mitting tube for this image and has, therefore,
been inoperative in producing the video frequency
output, now moves across the quarter or com-
ponent part area in a horizontal direction so as
to scan the remaining half of the given Horizontal
line.
flector voltage has increased in the meantime by
the amount necessary to move the scanning beam
down one line on both the mosaic electrode struc-
tures of the scanning tubes 30 and 42 so as to
scan the next horizontal line of the quarter or
component areas | and 2, and the process above
described for scanning the individual line is again
repeated until the complete area is scanned. It
is to be noted, as was already pointed out, that
this action of the scanning beam on the trans-
mitting tubes 30 and 42 assumes, as should be
the case, that the vertical deflector plates of the
scanning tubes 30 and 42 arranged to scan the
areas | and 2, are connected in parallel across the
full generator voltage of the saw-tooth voltage
source |16; whereas the deflector plates for scan-
ning the component areas 3 and 4 are also con-
nected in parallel, but the pair of them are ag
well in series with the suitably bypassed nega-
tive vertical deflector bias applied from the source
f 14 so that these scanning plate pairs do not come
into action until the vertical deflector bias, also
obtained from a voltage wave of the general for-
maticn shown by Fig. 8, has risen to more than
half of ifs maximum value and in the region
designated by the ordinate value b between points
132 and 133.

Thus as the amplitude of the saw-tooth voltage
wave for producing horizontal and vertical de-
flection of the scanning cathode ray or electron
beam increases, and dependent upon the bias
applied horizontally and vertically by the ‘bias
voltage sources 110 and 114 respectively, the par-

tial areas or component parts of the complete.

subject which is scanned are determined. How-
ever, where the voltage changes, because, for ex-
ample, of power, supply fluctuations the deflection
voltages may change accordingly, and the pattern
area may tend to vary in size. Accordingly, this
invention provides, as will later be explained, suit-
able compensation. for establishing continuous
matching of the patterns of the several partial
areas in case such an effect occurs.

While this is occurring, the vertical de- -

11

A modified method of obtaining negative de-
flector voltages, whether horizontal or vertical, as
may be needed, is shown more particularly by
Fig. 7. This modified method 1s similar to that
shown by Fig. 6 except that the negative constant
voltage source 140 is shunted not only by the by-
pass condenser 115 or other circuit combination
necessary to pass undistortedly the deflector
voltage, but also by the resistance combination
141, 142, This resistance combination comprises
the constant resistance 142 and the variable re-
sistance 141 which is tapped at point 143 in such
fashion as to enable a desired fine adjustment of
the negative vertical deflector bias voltage to be
made. Similarly, the constant voltage bias source

10
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110, normally shunted by the condenser or other -

suitable combination 118, is also shunted by botn

_a fixed resistor 144 and a second resistor 145

which is tapped at a point 146 for the purpose of
permitting substantially a vernier adjustment.

In the light of what has been above deseribed,
reference may be made to Fig. 9 of the drawings
for a further understanding and description of
the motion of the scanning spot on the four
quarter-image mosaic scanning tubes 34, 42, 56
and 51. In Fig. 9 the relation of the spot for
scanning with respect to the mosaic electrodes 31,
41, 54 and 55. of the image scanning tubes 34,
42, 56 and 57 respectively is shown. The hori-
zontal scanning direction’ is indicated by the

horizontal arrow whereas the vertical scanning

direction is indicated by the vertical arrow. The
various spots shown by the small squares on the
figure with respect to the mosaic electrodes indi-
cate the instantaneous positions of scanning. In
showing this arrangement, it will be seen that
the spot area 147 is upon the mosaic electrode 414
of the scanning tube 42, having followed the por-
tion of the path of deflection indicated by 148
lying on mosaic 4i. This instantaneous condition
corresponds to a time period when the horizontal
deflection voltage is. approximately 80% of the
maximum value 2¢’’ shown by Fig. 8 and the ver-
tical deflection voltage is approximately one third
of this maximum value, it being understood, of
course, that the general wave formation for the
vertical and the horizontal deflection voltage is
identical except insofar as the time period of the
cycle of repetition is concerned. Therefore, only
one wave form has been shown by Fig. 8 and such
wave is assumed to represent both the horizontal
and vertical deflection voltage.

The conditions and operational sequence in the
four quarter-image scanning tubes may be de-
scribed as follows: In the scanning tube 34 the
scanning spot 149 having already swept across the
mosaic electrode 31 as viewed in the figure has
come to a position upon the conducting mask £50
which surrounds the mosaic structuré and is thus
inactive to produce or initiate an output signal.
In the scanning tube 42, however, the scanning
spot 147 has traced a portion of the scanning line
148 and instantaneously is impinging at the point
14T upon the mosaic electrode 41. Therefore, at
point 147 the beam is active in the scanning op-
eration and output signals are fed to amplifier
82 (see Fig. 5). 1In the scanning tube 56, in like
manner, the scanning spot. {51 having already
moved across a horizontal path of direction 148’
impinges entirely upon a conducting mask 152 of

" the scanning tube. The impinging spot 151 thus

is not only to the right of the mosaic area 54, but
is also above the mosaic area because the nega-
tive vertical deflector bias on the deflecting elec-
trode system of tube 56 prevents the . vertical

\
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deflecting plates from movinz the scanning spot -
down into the scanning area zone while scanning

is because of the fact that the vertical deflect-
ing voltage in the assumed instantaneous opera-
tional state, as above stated, is only approximate-

ly one-third of its maximum value and an ampli- -

tude of at least 50% of the maximum value of

the vertical deflecting voltage wave Is required to.

bring the scanning spot to the level of the active
or mosaic area of either of tubes §6 or 81,

In similar manner, the scanning spot 153 of
the scanning tube 87T is impinging upon the mask-
ing area 154 surrounding the mosaic electrode %8
and is, therefore, also inactive. In other words,

it can be seen from the graphical analysis of Fig. -

9 that only one image scanning tube can at any
given time be active. Further, it is apparent
that the image scanning tube which is instanta-
neously active is controlled in accordance with
the bias voltage supplied to the deflecting elec-
trode plate pairs (deflecting .electrodes) of the
several image scanning tubes.  In the case al-

ready illustrated the horizontal lines are shown -

dotted adjoining the four scanning spots, three
of which are inactive in the production of video
frequency output at any given instant, as above
explained. Fig. 9 is intended to show the direc-
tion in which the motion of the four scanning
spots takes place and to indicate that the motion
of the scanning spot of each of the several
image scanning tubes is interlocked, so to speak,
by the interconnection of the deflecting plate
pairs for these tubes and by the application of
the negative deflector biases. -

By Fig. 10 a table is given to show the entire
scanning operation In some detail and in actual
sequence. The various lines of the subject are
numbered from 1 through 720 (assuming a 720
line picture) and, as shown, the fractional portion
zero to one-half of the first scanning line is
scanned by the first scanning tube, 30, whereas

" the second scanning tube 42 takes up the task of

50

scanning the fractional portion of the first scan-
ning line identified as one-half to one.. Immedi-
ately thereafter the scanning beam is refurned,so
as to start the second scanning line. However, at
this time the scanning beam is suppressed or
biased beyond cut-off conditions, as is known in
the art, by applying biasing voltages to the con-
trol grid of each of the separate image scanning
tubes. When the scanning beam returns to the

"' lefthand margin of the mosaic electrodes fllumi-

nated by the partial-image areas {, 2, 3, 4, so that
the second line of the subject may be scanned the
scanning operation is repeated and the first half

of line 2 of the scanning is scanned by the scan- -

_ ning spot produced in tube 34 and the second half
" line portion of line 2 is scanned by the scanning
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spot developed in image scanning tube 42.

In the case above assumed, of course, it will be
understood that sequential line scanning has been
illustrated. . However, if the system is operated
for interlaced scanning (since there is no es-
sential difference in the scanning actien regard-
less of which method is used) line 2 of the picture
will not be scanned immediately subsequent to
line 1, but rather line 3; and, in any event, the
order in which the several lines are scanned is
identically. followed out by the arrangement
shown. '

From the foregoing it will be seen that what has
been produced is, in effect, the use of a large num-
ber of relatively small image scanning tubes to
provide the effect of one extremely large scanning

s,suo,uo

tube. 'I'hese small or ‘quarter-image scanning
tubes are rigidly interconnected electrically and
suitably related in their sequential vertical and
horizontal action through the negative deflector
biases and -the inter-connection of the'pairs of
deflector plates. Thus the scanning operation for
the several partial-image tubes may be described
as an interlocked sequence scanning or a triggered
scanning action.

‘While the invention, so far, has been ulustrated
as applied to electrostatic deﬂection and to the
use of negative deflector voltage bias, it will be
appreciated that the same method of control is
applicable to.electromagnetic deflection methods
through the use of suitable deflecting coils in
place of the deflecting plate pairs. In this in-

" stance, the negative deflector magnetic fieid pairs

are used, and biasing flelds may be produced
readily by feeding a direct current to the deflect-
ing colls either in series or in parallel with the

" source of deflecting current (and the direct cur-
'rent connection being by-passed to permit the

distortion-free passage of the deflecting cur-
rents), or by having additional constant field coils

‘energized from an adjustable direct current

source. In each of the above cases, the resulting
field developed by the bias opposes the deflector
current field and s suitably related in magnitude
thereto as explained in connection with Fig. 8.
It will also be appreciated that reversed electro-
static fields may be used for the purpose of
practicing this invention where desired, and such
flelds may be developed from a large source of
constant, although preferably adjustable poten-
tial, in such direction as to oppose the main de-
flector plate flelds, and such reverse field plates

‘may be located within or without the correspond-

ing image scanning tubes.

Although the system so far described has been
{llustrated in connection with electrostatic de-
flection of the cathode ray beam,it is,as was above
suggested, also possible to use, where desired, only
electromagnetic deflection systems, or electro-
magne:éi; deflection systems in' combination with
the eledtrostatic, systems In addition, the elec-
tromagnetic systems likewise lend themselves to
usage with the biasing systems of the previously
described Figs. 5, 6 and 7 as well as with the forms
of beam deflection control to be more completely
described in connection with the receiver end

of the system.

Figs. 28, 29 and 30 are directed to electromag-
netic deflection systems and are applicable either
to the transmitter end of the system or to the re-
ceiver end. While it is to be understood that
these arrangements apply equally well to all
image scanning tubes or image reproducing tubes,
the deflection control is shown for a single tube
only and in only one of the two directions of de-
flection, although the manner of connection with
a plurality of tubes will be obvious in view of the
arrangements shown by Figs. 5, 6 and 7 of the
transmitter and also the arrangements shown
in connection with the receiver. In these dia-
grammatic showings, the tubes 34, for example,
of the transmitter (or tubes like 160 of the re-
ceiver—see Fig. 11) are conventionally shown in
part. Since the large end of the tube envelope is,
in each case, not material to an understanding
of this portion of the invention, the neck of the
tube is broken away.

In the neck of each tube 34 is positioned the

tube cathode or electron emitter 645 (shown as a

direct heater although obviously the well known

-
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indirect!y heated cathode may be substituted)
and exially aligned with the cathode is the grid
or control electrode 6{7 (usually in the form of
an apertured dise) and the anode 619 (usually a
tubular electrode member). In the case of the
transmitter tube the grid is biased to cut-off by the
synchronizing signal generator deriving so-called

“return line” periods while in the receiver tubes

the grid or control electrode is supplied with re-
ceived video signals to control the image repro-
duction on the luminescent screen (not shown by

- Figs. 28 to 30). '

In order to deflect the cathode ray beam 821
developed when suitable voltages are applied to
the cathode and anode are the electromagnetic
deflecting coils 623 and 625 for causing, when
energized, the cathode ray to bend to sweep the
luminescent screen. The coils 623 and 625 are
supplied ‘with current from the source of beam
deflection energy or deflection wave generator
and suitable associated tubes 621. - The source 827
develops electrical energy of such wave forma-
tion as to force a saw-tooth current wave through

‘the deflecting coils 623 and 625. Due to the

impedance of the deflecting coils such a wave
form of eriergy is usually an electrical wave having
both a saw-tooth and an impulse component as is
known in the art and described, for example, by
A. W. Vance in United States application, Serial
No. 544,959 filed June 17, 1931, now issued as
United States Patent No. 2,137,039. The sources
of beam deflection energy are usually controlled
as to timing either by the received synchronizing
signal in the case of the receiver (see Fig. 20) or
by the synchronizing signal generator in the case
of the transmitter (see Fig. 5).

. The bias voltage to ‘'cause each independent
image scanning or reproducing tube to be co-

ordinated to a particular partial or component

area (as in Figs, 6 and 7) is developed by means
of a suitable source of direct or uni-directional
current 629 which flows directly through the de-
flecting coils (Figs. 28 and 29) or through a sepa-
rate coil 631 acting simultaneously with the main
deflecting coils to control the path of the beam
motion. (See Fig. 30.) ’

In one form of arrangement (Fig. 28) the di-
rect current from the source 829 is blocked from
the high frequency path by means of a suitable
condenser 6§33 while the high frequency deflection
voltage is blocked from the direct current path
through the bias source by means of a choke coil
635. A slightly modified form of circuit is shown
by Fig. 29 where the direct current and high fre-
quency paths are in parallel and the high fre-
quency is bypassed with respect to the bias volt-
‘age 629 by way of condenser 633 while the direct
current bias is bypassed with respect to the source

of beam 'deflection energy 621 by the choke
_coil 635. - "

Where separate deflection coils are used for
biasing (Fig. 30) the arrangement is slightly
modified snd the direct current from the bias
source is prevented from flowing in the ecircuit
of the beam deflection energy by way of the
A. C. connection because of the separated biasing
and beam deflection circuits. The beam deflec-
tion energy flowing through deflecting coils 623

and 625 cannot be induced into the cireuit ap- i

plying the deflection bias by reason of the con-
nection in the bias circuit of the high frequency
choke coil 635 in series with the bias coils 631
and the bias source 629.

Systems for producing composite pictures or

2,319,140
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scanning composite pictures formed from a plu-

rality of juxtapositioned partial or component

. areas, naturally, require deflection of the de-
veloped cathode ray in two mutually perpendicu-
lar directions. This requires a mere duplication
of the systems of Figs. 28 {o 30 in connection
with the deflection coils (not shown) for deflect-
ing in q plane at right angles to the plane of de-
flection produced by coils 623 and 625. Where
a combinafion of electromagnetic deflection and
electrostatic deflection iIs utilized the circuits of
Figs. 28 to 30 may readily be combined with those
shown by Figs. 6 and 7 as well as that of Fig. 20.

Naturally, systems using a multiplicity of
cathode ray image producing or reproducing

tubes will be arranged in accordance with the

form of arrangement conventionally shown by
Figs. 5, 6 and 7 and also Fig. 17, for example, and
-the biasing value applied to the deflecting means
for controlling the beam deflection on each of
the separate or partial-image scanning or repro-
ducing tubes will follow the above referred to
modifications.
" Reference may now be made to the receiver end
of the system whereby large size picture areas
may be produced. In this connection it should
be borne in mind from the statement of inven-
tion above made and in accordance with aims
- and objects thereof above defined there should
be provided as, a part of the receiving instru-
mentality a device composed of a plurality of
separate and distinct image reproducing tubes
which will each produce scanning component
parts of the resulting subject later to be matched
together to produce a complete image subject.
Reference will be made, for the purpose of de-
scribing the invention, to one specific form of
device for a predetermined number of lines into
which the produced picture is assumed to be
divided. In connection with the receiver also it
should be distinctly understood that while one
form of transmitting system has been disclosed
and a general form of receiver system will herein
be described, the receiver system nevertheless to
be of utmost practical value is adaptable to exist-
ing types of transmitting equipment, Therefore,
the receiver device to be described is one of such
type as to be capable of producing “large” size

images of the character herein defined from the -

signals transmitted by the now existing types of
transmitter equiprhent, as well as by the co-
ordinated use of the transmitter equipment, de-~
scribed by Figs. 1 through 10 hereof.
Consequently, for the purpose of this disclosure
the illustrative example which will be assumed
for the purpose of description by no means repre-
sents the ultimate capabilities of the system but
-is conyenient for use as an illustration of the
operation. In connection with the scanning of
a single component or partial-image area, such
as the area | in Fig. 1, the system described for
transmission was assumed to scan the area I, as
well as the areas 2, 3 and 4 with 360 lines of pic-
ture detail. Therefore, it will be assumed that
it is desired to reproduce a 360-line picture of
each of the component areas | of Fig. 1, (which, it
will be appreciated, may be a complete view of
a complete subject) with the size of picture ulti-
mately to be produced at the receiver to be 6
feet high and 8 feet wide. 'The receiver system
will be described herein with reference to a repro-
ducd picture of such size for all of the com-

bonent or partial-image areas. Either sequential '

line scanning or interlaced scanning can be used
with equal effect in the picture reproduction with
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resulting efficiency comparable to presently found -
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results for each type of scanning. Following this

_analogy, of course, it will be appreciated that

the description which is to follow would apply .
equally well to a composite reproduced picture
of 720 lines, for example, which would have di-
mensions 12 ree}: high and 16 feet wide, for ex-
ample.

If, now, the 360 line picture 72 inches high is
assumed, it is appreciated thatthe width of each
line into which the picture is to be divided upon
reproduction will be 0.2 inch.

It is known in the art that if the line structure

9,910,149

7.5 inches from-the cathode ray projection tube

screen and approximately 30 inches from the large

translucent viewing screen.

. From a consideration of the description of Figs. A

6 and 7, herein and bearing in mind the fact that
the receiver system is generally adapted to follow
the same operational characteristics as the trans-
mitter herein described, except insofar as the
present illustration assumes 64 complete projec-
tion type cathode ray reproducing tubes utilized
to reproduce the entire image, then 'each tube

should be arranged to function only 14:th of the

total time in the production of a projected partial=

by which the picture of the reproducing system “image., As in the transmitter system, during the

is recomposed is to disappear, the viewing dis-
tance should be about 1,900 times the width of
the individual picture element or line. Thus, in -
the chosen example, the viewing distance would
be of the order of approximately 31 feet, and for
a television screen on the theater stage this,

naturally, will be an entirely feasible and accept-

able viewing distance when it is understood that -
all viewing distances in excess of 31 feet would,
similarly, show no line structure in the produced
picture image. o

If, now, it is assumed in considering this in-
vention further for the purpose of illustration
that the large picture is assumed to have dimen-
sions 6 feet by 8 feet (this resulting from the
aspect ratio 1.33), then it can be: assumed that
this large picture is made from the projection

. on & translucent screen as a result of reproducing

the partial or component images formed on.
sixty-four separate.cathode ray image reproduc-
ing tubes, each of which partial-images will have
the same aspect ratio as the finally produced
large picture. So considered, each of the separate
cathode ray image producing tubes would then

produce a partial-image on the large screen and .

each of the partial-images would have height
and width dimensions which would be one-eighth
of the finally produced large picture, that is to
say, Ya4th its ares so that the dimensions of each
of the partial-images would be 9 inches high and
12 inches wide. )

The actual partial-image picture is formed on
the Iuminescent screen of the assumed cathode
ray image producing tubes. These tubes prefer-
ably are of the projection type cathode ray device,
as disclosed, for example, by Joh1n C. Batchelor in

_copending application, Serial No. 584,924 filed

January 6, 1932...Each of the separate projection

type cathode ray tubes will produce an image of a
size approximately 2%, by 3 inches, and since its

55 height and width relationship is assumed to be

1gth the complete image, it can be seen that each
separate projection type cathode ray image pro--
ducing tube will produce 45 lines of the picture,
and each line of the partial-image will then be

60 2.25 inches divided by 45, or 0.05 inch (1.27 mm.)

70

in width. This value or fineness of definition, it
will be appreciated, can easily be obtained in prac-
tice. Far finer line definition than above sug-
gested is obtainable in practice, if needed.
Following the foregoing illustration, each of the
component partial-images on the cathode ray
image reproducing tubes scanned is intended to be
projected by means of & suitable optical system,
such as a relatively simple and inexpensive con-
vex lens combination, onto the large translucent
viewing screen. With the size of each partial-
image being of the order of 214 inches by 3 inches
and the projected image 9 inches by 12 inches, a

- simple calculation discloses that for a convex lens

(]

tpr projection would be placed at a distance at

time period not utilized by any one individual tube
for scanning each complete image (that is, 634,ths

of the total time), the electronic scanning beam in .

each image reproducing cathode ray tube will be

brought to rest on a relatively heavy internal con-

ducting surface which is maintained at a suitable
constant potential, as, for example, at ground con-
nect.io ' -‘This was the case a.lso in any one of the

g areas 1580, 152, (54 ‘and the like of Fig. 9.
With the scanning beam falling upon the masking
area the energy of the. electron beam will be

- absorbed without objectionable secondary emis-

sion by the use of a suitable coating, such as a
colloidal graphite, assumed for each conductmg
surface in.question,because of the fact that at
best .only reduced secondary emission can take
place. -

In addition, this conducting surface ma.y also
serve the additional purpose of an optical mask,
although separate external optical masks may be

- used. This is done by limiting the size of the aper-
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ture provided to such a dimension as to mask the _

luminescent material upon which the partial-
image is formed to a size 2% inches by 3 inches,
which -is the assumed size of each partial-image
according to the illustrative example herein as-
sumed. Each partial-image will then be produced
on a separate cathode ray image reproducing tube

-and matched, as will herein be explained, with

each other partial-image. Further, each partial-
image which, (when considered with the aspect
ratio of 1.33) will mean that the individual tubes
will each produce 2,700 picture elements out of a
total of 172,800 picture elements required for the
360 line picture, forms one 144th of the total pic-
ture. '

Turning now more specifically to the construc-
tion of a receiver device for producing an electro-
optical image according to the above conditions,
reference first may be made to Fig. 11 of the draw-
ings. Fig. 11 shows the general arrangement used

40

in the production of a partial-image from a single

cathode ray image reproducing tiibe. For a com-
plete picture image it, of course, will be understood
according to the assumed example, 64 such instal.
lations will be required. So constituted, the
image producing cathode ray tube 160 (which is

shown only in conventional form) has provided at

the base of the neck portion 161 a suitable base 162
through the terminal points 163 of which suitable
operating voltages may be supplied. The electron
gun structure is conventionally illustrated at 164

and includes the usual directly or indirectly heat- '

ed electron emitting cathode, a control grid, and
an accelerating anode. Immediately ahead of the
gun structure 164 and longitudinally spaced there-
from are the usual deflecting electrode pairs 168,
168 for vertical deflection of the developed cath~
ode ray and (61 for horizontal deflection of
the developed cathode ray. The electron beam
or ray developed by the application of suit~

-
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able voltages to the elements of the gun struc-

» ture 164 then passes through the tube longitudi-

10

15

20

25

30

35

40

50

GO

70

(£

nally so as to impinge upon the ‘tube luminescent
screen 168. Positioned so as to surround & por-
tion of the screen material and to form a limiting
mask thereabout, is conducting shield 169 which
is metallic or conducting in nature and prefer-
ably coated with a colloidal graphite solution to
minimize secondary electron emission under beam
impact. The aperture or masking ares of the size
herein above assumed for lmiting the area over
which the partial-image may be prodticed is con~
ventionally illustrated as including that aperture
in the conducting shield which extends between
the edges 170 and 174 in the plan view, it being
understood that the horizontal dimensions are
limited in the same manner as shown for the ver-
tical dimensions. Suitable voltages may be ap-
plied to the conducting screen of shield 169 by
way of the terminal connection 172.

Where desired a supplementary masking mem-
ber 113 having an aperture {74’ may be used in
conjunction with the masking area provided by
the apertured conducting shield. . The masking

18

180, 183 and I81; 182, each rod being just back of

. the image plane. A hollow cylinder 184 is ar- -

ranged to slide up and down on the rod 180, 183
and may be clampéd thereto in any desired posi-
tion, Similarly, a second hollow cylinder 185 is
arranged to slide upon the rod 181, 182. , The
upper ends of the two hollow cylinders 184, 185
are connected by a horizontal rod 361, while the
lower ends are connected by a second horizontal
rod 365 and over each of the horizontal rods is
mounted slidably & hollow cylinder which Dref-
erably has the width of three partial-images. -
Similarly, the vertical slidable cylinders or sleeves

484 and 185 conveniently have a length of three
times the helght of a partial-image. Mounted 15
over the horizontal rods is a smaller translucent
screen. 186 upon which may be produced a com- )
plete picture three partial-images wide and three -
partial-images high. It will be seen that this -
screen can bg moved vertically or horizontally so 2"
as to cover any nine partial-images. Thus, the

 line of junction of éach partial<image and those

member 173 serves to minimize the stray light in

the system. The convex projection lens 114 is
preferably mounted in a barrel 115 which enables
back and forth focussing motion, as indicated by
the arrows. The tubular member 116 which sur-
rounds the lens barrel 115 is supported by an
opaque shield member {17 arranged as indicated
by the arrows 178 to be moved up and down verti-

cally to carry the lens with it and as also shown.

by the arrows 179 to be moved in and out with
respect to the plane of the paper, that is, the lens
114 should be positioned so as to be capable of
motion in any direction parallel to the plane of
the object and image (the luminescent screen
partial-image and the large screen partial-image,
respectively) and also capable of motion along
its optical axis for focussing purposes.

The entire cathode ray tube assembly is con-
nected flexibly and mounted so that it also can
be moved back and forth along the optical axis
of the lens by a small amount to permit compen-
sation for slight differences of focal lens of the
inexpensive projection lens system as commer-
cially furnished, and assumed for purposes of il-
lustration of this invention, or for other varia-
tions in the partial-image systems. Thus, the

_Partial-image developed on the luminescent

" ing of the tubes 160 relative to the lens, or of the

screen 168 of each of the tubes 160 may be

brought intd juxtaposition and accurate align-
ment upon the translucent or transparent view-
ing screen 179 when focussed thereupon by means
of the lens system {74. In apparatus of the
nature herein described, the various tube ele-
ments 160 which are each to produce a single
partial-image are so mounted and adjusted rela-
tive to the viewing screen 179 that the partial
area herein assumed as being composed of 45

lines of picture are caused to match on the view-"

ing screen, and when viewed collectively to re-
produce in enlarged manner the complete ares
represented by the sum of .all of the partial areas.

A suitable and convenient method of adjusting
the entire assembly is schematically illustrated
by Fig. 12 where the screen 119 is indicated as
being bounded by the boundary limits 180, 181,
82 and 183 and by the several lines traced across
up and down between these boundary limits. It
can be seen that 64 separate partial or component
part image areas (84 have been provided. The
large screen 119 is first swung aside or otherwise
removed to leave available vertical support rods

adjacent to it may be conveniently studied and
adjusted for position, adjacency, matching, and
maximum smoothness of the complete picture on

~the. large screen which is to slide into position

after the screen-carrying metal framework is re-
moved from the fleld of view, for example, by
sliding it up to a portion or prolongation of the
vertical rods (80, 183 and 181, 182 above the
complete picture area. . .
From the foregoing it can be seen that by this
manner of adjusting and observing the partial
areas of the resulting fields of view as produced
by the impact of the electron beam or the lumi- 5
nescent _screen of any one of the cathode ray im-
age producing tubes 160 causing luminiscence on-
the screen 168, the areas may be easily matched
by making suitable adjustments in the position-
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lens relative ot the tubes, or of both, and also by

deflection voltage and deflection bias voltage ad-
 Justments, ' :

In the previous embodiment of the optical sys-
tem herein described in Fig. 11, the projection of
8 component or partial-image or picture area has
been accomplished through a lens which forms
an image thereof on the transluceni viewing
screen (719 upon which the component pictures
are projected in juxtaposed positions, it is possi-
ble also to utilize other optical projection means
for the same purpose. One means of this type is
provided by the use of suitably positioned mir-
rors, either spherical or substantially spherical as
described by Fig. 37. 'The several mirror surfaces
should be so positioned that the reflected partial-
image areas will be located in proper juxtaposi-
tioning for viewing.

- Where a reflecting type optical system is used
(as in Fig. 37) each. separate image producing 80
electron tube 160, on the screen 168 of which g
partial-image is formed, is mounted with the op- .
tical axis 170 of a mirror 171 passing through the
center of the image formed on the tube lumines-
cent screen 168, it being understood that the opti-
cal axis should coincide with the longitudinal
tube axis. The produced partial-image is suit-
ably masked by a mask 173 so that only the use-
ful portion of the produced partial or component
part image is exposed to the mirror TT1. Light
passing from the.partial picture on the cathode
ray tube screen 168 is reflected from the mirror
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. 171 and is brought to a focus on a translucent

Screen 119 placed perpendicular to the optical
axis of the mirror and at an appropriate distance 75
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therefrom. In this type arrangement the cath-
ode ray tube 160 is positioned between the trans-

Jucent screen 119 and the concave mirror 114 in -

contrast to the positioning explained by Fig. 11.
As an illustrative case for one suitable manner
of positioning the cathode ray tube screen 168
may be located 9 inches from the mirror surface
111 and an image of three times the size of the
original partial picture may be formed at the cor-
responding distance of 27 inches from the mirror.
Under these conditions, the focal length of the

.mirror is readily found to be 63, inches and the
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radius of curvature of the mirror (assumed
spherical) is found to be 131% inches. - To ren-
der the system conveniently, usable, it is neces-
sary that the spherical mirror 171 have stralght

edges . formed by planes parallel to the optical’

axis and parallel to the edges of the partial opti-
cal image.® Accordingly, each mirror 111, viewed
along its optical axis, will have a rectangular
outline having the same aspect ratio (assumed to
be 4 to 3) as the partial-image on the cathcde ray
tube Screen. To prevent leakage of light from

‘adjacent tubes suitable shields 112 and ‘113 are

mounted ‘in the system. Thus, one shield is
mounted between each cathode ray tube and the

‘translucent screen on which the total picture is

formed. ' Alternatively, the tubes may. be inter-
nally or. externally blackened, as disclosed. by
Zworykin and Batchelor Patent 1,988,469 of Jan-
uary 22, 1935, or the tubes may be shielded by an
opaque body except over the active portion of the
luminescent- screen. : : ,

From each edge of each mirror there projects
a flat blackened and light absorbing shield 713
which extends toward the tube in a pidne parallel
to the optical axis of.a corresponding mirror.
These shielding planes 118 are extended toward

the translucent screen for s sufficient distance to.

prevent light from any partial-image area on a
cathode ray tube screen from reaching any mir-
ror other than the one which projects this par-
ticular picture upon the translucent screen 179.

With this type system it can readily be appre-
ciated that the same accurate juxtapositioning of
all of the partial-images upon the screen 119 is
obtained similarly to the optical method of Fig.
11. 'Slight adjustments may be made by moving

_the tube and/or mirrors relative to each other

-and to the screen, as will be obvious and thus not
specifically shown. :

If the received video frequency voltages corre-
sponding to the incoming or received picture sig-

- nals were to be- applied simultaneously to the

control electrode of all of the partial-image re-

) producing tubes and if the synchronizing signals

were to be applied to all of the vertical and hori-
zontal deflecting electrode plate pairs of each of
these, tubes for the assumed case of electrostatic

control, a useful large screen image would not be.
obtained. Rather, there would be obtained a.

multiplicity of identical adjacent picture areas

which would not add up, as should be the case
"to one large picture which represents the sum

total of all of the component- partial-images.
Therefore, as in the transmitter arrangements
herein described, there is required at the receiver
also a suitable means so as to interconnect and

“interlock and to retard the various vertical de-

flecting means and. the various horizontal de-
flecting means respectively. In this way, each
partial-image reproducing tube is optically active
in the partial-image production only at the prop-
er times to contribute fully its proportion of the
total picture and nothing else. The method and

v
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means by which this is accomplished is one part
of this invention. . The principle of operation is
more particularly depicted by referring to Fig.
13 of the drawings. In Fig. 13, numerals 180,
191, 192, 193, (94 and the lines drawn therebe-
tween represent conventionally the usual saw-

tooth voltage wave applied to the electrostatic de- -

flecting plates of the tube for producing either
the horizontal or vertical beam defiection.- The
maximum amplitude of such a voltage wave is in-
dicated by the ordinate value between the points
181 and 192, o : .
. Still assuming the example wherein 64 sepa-
rate cathode ray image reproducing tubes arc
utilized for the purpose of reproducing the im-
age, by following an analogy of Fig. 8 (relating-
‘to the transmitter) it can be seen that a group cf
biasing voltages, varying each by Ysth of the total
-amplitude of the voltage between points (94 and
192, shall be provided and suitably selected and
applied to the beam deflecting electrode through
suitable deflection circuits. .
From this it follows then that the amplitud

" difference between points {81 and 192 of the wave °

180, 191, 192, 193 etc. may be divided into eight.
equal portions, and that the various fractions
of the total voltage difference between points
191 -and ‘192, selected by eighths, may be chosen
- and represented by the amplitude value between -
the level 188 (which is assumed for purposes of

10

15

{llustration to be zero) and the levels 196, 197,

198, 199, 200, 201, 202 and 203. These voltages
thus represented are then zero to Ysth (the volt-
age between 188 and 196) zero to Zsths (the volt-
age between 195 and 187) and so on up to the
total ‘or maximum voltage represented by the
ordinate 198, 203, which is applied to all the de-
flector plates for a deflection in a given direction.
Suppose, now, for example, that the deflecting
“yoltage: required. to move the scanning spot.
straight across the luminescent screen or partial-
image area in the corresponding direction is rep-
resented by the voltage value 198, 186, that is, by
Ysth of the total direction, it is apparent that a
similar voltage of only Ysth the total voltage of
the saw-tooth wave 180, 191, 192, 193, etc., need
be applied between the deflector plates of any
one tube to deflect the scanning beam across that
particular tube in order to scan the image pro-
ducing plane theregf. : o
This succession or series of biases are, it is

_ to be noted, in arithmetic progression since the

difference between the bias on any one tube and
that on the adjacent tubes is-a constant quantity
equal to the voltage required to deflect the spot
across any one tube. Thus the progression of
bias voltage may be in sequence equal to 0, d.v.,
-2 dv.,, 3 dv. up to 7 dv. for the eight column
e‘igh‘t,x&ow array, for example, where d. v. repre-
sents the voltage required to deflect the scanning
spot across the screen in one direction in any one
given tube. o i
Consider for the purpose of illustration only
the horizontal deflection circuits and referring in
this connection to Fig. 14, it will be seen that all
of the image reproducing tubes lying in the same
“vertical column as the tube 218 may have their
horizontal deflecting plates connected in parallel
and to the deflection voltage source. There will

40

45

be applied to the Borizontal deflecting electrodes 70

- of these tubes not only the deflection voltage .rep-

- resented by the deflecting voltage wave shown ty .

Fig. 13, but alsc 8 negative deflector bias which
-will oppose the deflecting electrostatic force ap-

‘plied .across the deflecting electrode plates. T8
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However, in connection with the first vertical col-

umn of image reproducing tubes shown in the .

_ vertical column beneath the tube 232, this nega-
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tive deflecting bias will be of zero value because
of the fact that the deflecting voltage wave is first
induced upon these tubes insofar as horizontal
deflection is concerned, and, there(or , the re-
produced image is first produced upon the tube

232 or those tubes vertically beneath it with re-

spect to the horizontal traverse of the image
plane. To the horizontal deflecting plates of the
image reproducing tubes lying in the vertical
column next to the right of the tube 232, name-
ly, the column 217 and those tubes immediately
below the same, all of the horizontal deflecting
plate electrode pairs may also be connected in
parallel to the deflection voltage source. To the
horizontal deflecting electrodes of these tubes
there is also applied not only the deflection volt-
age but also the negative deflector bias voltage
equal to the voltage represented by the voltage
difference 195, 196 of Fig. 13 or, in other words,
& biasing voltage of %th the maximum deflection
voltage (assuming an array or assembly panel to
be built up from 64 separate partial-image re-
producing tubes arranged in eight columns of
eight rows each).

A condition similar to the preceding holds for
those image reproducing tubes lying in the third
vertical column to the left of Fig. 14, that is, the
image reproducing tubes representing the par-
tial-image indicated by 218 and those image
areas immediately therebeneath except that the
negative deflector bias in the case of the image
reproducing tubes in the third vertical column is
equal to the voltage represented by the ordinate
195, 197 of Fig. 13 or, in other ‘words, is %ths of
the maximum deflection voltage. Similar condi-
tions apply to each succeeding column of image
reproducing tubes but with increases in the nega-~
tive defiector bias voltage applied to each column
by Ysth of the maximum deflection voltage until
the 8th and final column is reached, which is rep-
resented by the partial-image areas 219, and
those tubes 223, 227, etc., immediately there-
beneath vertically where the negative deflector
bias voltage is equal to 7sths of the maximum
deflector voltage for the column including tube
219, for example.

Suitable means for applying these horizontal
negative deflector biasing voltages are provided
in a manner very similar to that explained in
connection with the transmitter portion of the
system as was described in detail in connection
with the description of Figs. 6 and 7. Like the
system shown by Figs. 6 and 7, g, precisely similar
arrangement holds for the vertical deflection con-
trols which are inter-ccunected for each hori-
zontal line and are then given a negative deflec-
tor bias voltage for line n from the top equal
to (n—1)/8ths of the maximum vertical de-
flector voltage, where n represents the numbey of
the row of the tubes where the bias is to be ‘de-

-termined, so that, for instance, for row 1 the

value of n equals 7, :
Considering, for example, the resulting image
in the case of the horizontal deflection, it is clear
that each vertical column of the image repro-
ducing tubes comes into action, that is, has its
scanning spots incident upon and optically visible
in the arrangement of Fig. 11, in succession ex-
cept as prevented by the action of the corre-
sponding vertical deflection controls and each
column of image reproducing tubes could be ac-
tive in succession only %th of the total time re-

~ this later action and by
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quired to describe a horizontal line of the large
picture. This system, however, must be modified
as already indicated by the similar action of the
negative vertical deflector bias and, as a result of
analogy to the system
immediately preceding, it is clear that each hori-
zontal row of image reproducing tubes comes into
action or, in other words, has its scanning spots
incident upon and optically visible in the arrange-
ment of Fig. 11 in succession except as prevented
by the action of the corresponding horizontal de-
flection control, and each row of image repro-
ducing tubes can be active in succession only %th
of the total time required to move the scanning
spot downward from the top to the bottom of the
complete picture, which is again as it should be
for the desired functioning of the arrangement,

The combination of the conditions mentioned
immediately above leads to only g single one of
the assumed sixty-four image reproducing tubes
being optically active and contributing to the
complete picture at any given time. It also leads
to an orderly progression in the activity or opera-
tion of these image reproducing tubes in such
fashion as to carry on the scanning of the entire
Dpicture in precisely the same fashion as if it were
being produced by one very large image pro-
ducing tube capable of producing a picture of
such large dimensions. This is made clear by a
consideration of Fig. 14 which shows the partial-
image areas 216, 217, 218—219 in one horizontal
row with image areas 220, 221, 222223 in the
adjacent horizontal row, as well as the complete
picture area 282, 234, 235 and 236. Similarly, in
vertical alignment the partial-image areas 216,
220, 224—228 form one vertical column while the
partial-image areas 217, 221, 225229 form the
adjacent vertical column until the complete area
2327, 234, 235, 236 has been formed.

In connection with each of the image repro-
ducing tubes indicated as positioned within the
partial-image areas 216, 211, 218, étc., the circle
within each image area represents the luminescent
end wall of each tube, and the rectangular por-
tion within each circle represents the partial-
image area produced by each separate tube as
masked and determined by the window 1714 of
the masking area 113 shown by Fig. {1. In con-
nection with each of the separate image re-
producing tubes of Fig. 14, there is shown within
the circle the scanning spot in an assumed mo-
mentary condition corresponding to only one op-
tically active image reproducing tube, namely,
that tube producing the bartial-image area 221,
it being assumed as the second tube down in the
second vertical column and the second tube across

" in the second horizontal column of the partial

image producing tubes. It will be seen that the
spot or point 245 of the partial-image area 221
being instantaneously produced is substantially in
the middle of the scanning line 246, 247 and ap-
proximately 50% of the way down this partial-
image area. A portion of the partial-image screen
areas are shown on a somewhat enlarged scale by
Fig. 15 where like reference numerals represent
like parts in Figs. 14 and 15. It can be seen, for
example, that within the tube 232 functioning to
produce the partial-image area 216 and masked
by the masking window areas 236 that the spot
240 produced by the beam developed within the
cathode ray image producing tube 216 is slightly
to the right of and slightly below the masking
window. This indicates that so far as the first
vertical column of partial-image producing tubes
(. e. all tubes vertically aligned with tube 232 is
concerned, it is not now scanning a useful part
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of the total image area. The position of the
scanning spot upon the masking ares of this

tube indicates that the partial-image intended to

be reproduced by the tube 232 has been complete-

5 ly scanned. For the tube 233 having the picture

producing area masked by the masking area 231

in order to produce the partial-image area 211

adjacent the area 216, the spot or electron beam

. déeveloped within this tube is impinging at &

10 point on the mask immediately below the lower-

' most portion of the screen area used to produce

the image but the impact point is shown as mid-

way between points of minimum and maximum

deflection of & beam from this tube. This indi-

33 cates an instantaneous useful operational state of

' one tube within the vertical column of tube 233.
Upon inspection this is shown to be the tube 221.

. In this way it can be seen from Fig. 15, taken

in conjunction with Fig. 14, that the resulting -

20 spot on each of the image producing tubes of the

* first horizontal line of the pattern is beneath the

screen area in & vertical direction of ail tubes

in the first horizontal row whenever a ‘tube in the

. second horizontal row becomes active or useful

' g5 In the production of a partial-image. Similarly,

it can be-seen that for each vertical row the spot

has a position which corresponds to the instan-

taneous position of scanning in the horizontal

- path but that each tube is not always active in

30 producing a partial-image by reason of the hori-
zontal deflection bias applied to the .

Considering now -more particulurly . 15-,

where the spot 248 is substantially midway be- '

tween the. left and righthand edges of the mask-
38 ing area for the tube 22{ and approximately 60%
of the distance between the top and the bottom of
the masking area, it is evident that the vertical
deflection bias applied to all of the tubes in that
horizontal row is. of a value equal to ¥ of the
49 total vertical deflection voltage required to move
the scanning beam from the top to the bottom of
the complete picture area. Therefore, all tubes
in the second horizontal group of partial-image
producing tubes may become active in sequence
4% in accordance with the change in horizontal de-
flection voltage. Since the vertical deflection bias
voitage for the tube in the second transverse
now is greater than the zero bias value over
which the tubes in the first horizontal partial-
so image ares group would be active and since the
- deflection voltage in a vertical sense has not yet
reached a value sufficient to overcome the 3 and
greater bias voltage applied to the tubes in the
third and fourth and subsequent horizontal
55 partial-image areas, the only tubes which can
be active or :respond to signals appiled will be
those tubes which have a vertical deflection bias
of % of the deflection voltage value in the ver-
tical sense.
Similarly, considerlng the horizontal deﬂec-
%8 iion voltages, all the tubes in the first vertical
column forming the first vertical column of par-
tial-images having the resultant spot of impact
of the electron beam moved beyond the: right-
o5 hand edge of the image reproducing areabe-
-cause .of the fact that the horizontal deflection

voltage when causing any tube in the second .
vertical column to become active or to reproduce

an image Is greater than that 2ero value of bias

by an amount greater than that required to de-

% fect the electron beam in the first vertical column
to the righthand edge of the image reproducing
area. Sincethe bias applied to the tubes in the
second vertical column is equal to & value of 15

of the total horizental deflection voltage, it is evi-

& dent that-any tube in the second vertical column
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of parthl-imaze producing tubes can become ac+
tive to the influence of the horizontal defiection
voltage except as modified by the previously
stated conditions for vertical deflection. Simi-
larly, since the tubes in the third vertical column 4
have applied thereto a biasing voltage equal to
2 of the total value of the horizontal deflecting
wave, none of these tubes can become active un-
til the amplitude of the horizontal deflecting
voltage wave is of a value greater than that rep~ )0
resented by the ordinate value (9§, 197. Thus,
as shown by Fig. 15, the biassing value for the
image producing tube 221 to become activeisof & -
value equal to the ordinate value 198, (96 in both
the horizontal and the vertical direction. 15
From the foregoing the general conclusion to

be drawn is that the combination of intercon-
nection of the horizontal deflection plates of each
vertical column of image reproducing tubes with
the negative horizontal deflection bias of in- eo
creasing value on each successive column start-
ing from zero from the first column and increas-
ing to %ths.on the maximum horizontal deflec-
tion voltage for the 8th column, and for each of
the vertical deflection plates of each horizontal ea
row of image reproducing tubes with & vertical
negative deflection bias of increasing value on
each successive row starting from zero bias for
the top row and increasing to %ths of the maxi-
mum vertical deflection voltage for the bottom 32a
row will lead to only a single image producing
tube contributing to the rebuilding of a complete
picture at any instant. The result is that the en-
tire assembly or array of partial-image reproduc-
ing tubes is caused to function in sequence and, 38
in effect, to function as if it were one large nor-
mal scanning image reproducing tube.

- The table of Fig. 18 is intended as illustrative
of the procedure of scanning a single frame of
the complete picture. Starting with the top line 49
of the component sub-picture or partial-image,
corresponding to the image producing tube 232 of
Pig. 14, the lefthand %th of the first picture line
is scanned by this tube. Continuing on the top
line of the picture but passing into the second 43
portion of the first scanning line produced by the
tube 233 of Fig. 14, there is scanned the portion
14th to Yth of the first picture line, that is, the
second eighth of the first complete picture line.
This action continues right across the top row of 5n
the image producing tubes until the.eighth right-
hand image producing tube is.reached, after
which the scanning beam is returned in the same

- fashion but extinguished by well known means of

return line elimination to the beginning of the 33
second line which is again produced by the im-
age reproducing tube 232; and the process is con-
tinued as indicated in the table of Fig. 16 through
the scanning of an entire frame of the complete
picture, In this way, it can be seen that each eo
image reproducing tube contributes l4th of the -
total picture, though not sequentially, after
which the process or cycle is repeated.

In this connection, it should be noted that
while each image reproducing tube contributes & 63
14sth part to the complete picture (assuming 64
separate tubes) during the scanning of the as-
sumed 45 successive horizontal lines of the com-
plete picture (assuming again’a complete 360 line
picture divided into the several image reproduc- 70

. ing tubes) the entire picture is in fact produced

actually or potentially in distorted form within
each separate image reproducing tube.

The manner in which the deflection voltages
are supplied to the several tubes for producinz B
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- 3
the partial-images in the assumed 64 tube array
described in connection with Migs. 14, 15, and 16
is more particularly exemplified by the diagram-
matic illustration of Fig. 17. This figure should
be read also in connection with the showing of
Fig. 13 where, as above explained, the ordinate
value of the deflection voliage 195, (86 considered
for horizontal deflection will be effective within
the partial area {—I, while the ordinate value
198, 197 of the deflecting wave will be effective in
the partial area 1—2, and, for example, the ordi-
nate voltage value 202—203 of the deflecting
wave will be effective in the partial-image area

'1—8. The diagrammatic showing of Fig. 17 how-

ever may be considered together with the ar-
rangement described by Figs. 6 and 7 for the
transmitting tube system since the system, it will

be noted, closely approximates that of Fig. 6. re--

lating to the transmitter except that the number
of tubes in-the complete array has been increased
from four to sixty-four.

Referring now more particularly to Fig. 17, it
will be seen, as was explained in connection with
Figs. 6 and 7, that all of the deflecting plate elec-
trode members (67 for horizontal deflection are
connected together and connect to the zero or
negative side of the saw-tooth voltage source 706
for horizontal deflection (assuming left to right
scanning), and that the righthand horizontal
deflecting electrode members 161" for each col-
umn of tubes are also connected together and
that these electrode members connect succes-
sively to the negative terminal of successive con-
stant voltage bias sources (10, 110, {10’’. It was
above explained in connection with Fig. 6 that
the amplitude of the output saw-tooth voltage
wave from the saw-tooth voltage source 106 (an-

alogous to the source 108 of Fig. 6) is of an am-

plitude equal to the voltage amplitude required
to deflect the developed electron beam within any
one tube from one edge portion of the screen to
the edge portion directly opposite multiplied by
the number of tubes in the same row or column.
Accordingly, with a 64 tube array, where the
tubes are assumed to be arranged in 8 columns
of 8 tubes each, it will be appreciated from the
showing in Fig. 13 that if the voltage required to
deflect the beam from one edge of the screen to
the other for the partial area I—I, for example,
is represented by the deflection voltage (d. v.)
value 195—198 (Fig. 13) that the amplitude of
the output from the source 706 will be equal to
8d.v.

Consequently, diﬁ‘erent_valués of bias are as-

signed to the bias sources 110, {10, {10’’ as in-
dicated, it being understood, however, that bias
element 110"’ is (in actual practice) in the form
of several separate bias elements like 110 but is
herein shown in merely conventional manner.
Similarly, the saw-tooth voltage source 7107
for providing the deflection of the cathode ray
in the vertical plane and which deflection voltage
is to be applied between the deflecting electrode
Dlates 165—166 of each tube also develops a de-
flection voltage of an amplitude 8 d. v. but at a
frequency lower than that of source 706. ILike
the sources of bias (10, the constant voltage
sources of bias 114, 114’, 114’ etc., are of pro-
gressively increasing value as indicated. Fach

constant voltage bias source for both vertical and_

horibzontal deflection is shunted by s condenser
element 115 or 113 in the same manner as de-
scribed in connection with Fig. 6.

For the vertical deflection of the cathode ray

beam, the upper deflecting plate 165 of each tube

, 19
i3 connected to the zero or negative terminal of
the saw-tooth voltage source and the lower de-
flecting electrodes 166 of each tube are connected
together row by row so that the tubes of the
first row have no bias applied in the- vertical di-
rection, the tubes of the second row have a ver-

" tical bias d. v. applied, while the tubes of the 8th

row, for example, have a vertical bias 7 d. v.
applied in the polarity indicated. The saw-tooth
voltage sources 706 and 707 for producingthe

10

deflection voltage for deflecting the developeﬁ%
cathode ray beams in horizontal and vertical di- >

rections. are suitably controlled, as more par-
ticularly indicated by Fig. 20, from incoming syn-
chronizing signals representing both the line and
the frame frequency. Suitable compensating
means for compensating for voltage changes such
as will be explained in more detail in connection
with Fig. 31, for example, are provided at 141,
Having now described the manner in which the
electron beam of each reproducer tube is deflected
by the description relating to Fig. 17, reference
may now be had fo the manner in which the pro-
duced partial image areas appear. By Fig. 18
there is shown the partial-image as produced
within the eighth or right-hand’ uppermost
image reproducing tube of the series shown by
Fig. 14. The useful partial-image which is not
covered by the optical mask or masks is undis-
torted and is shown as that portion of the com-
plete image embodied within the boundaries
232’, 234, 234’ and 232"’. Since the horizontal
negative deflector bias voltage on this image re-
producing tube is of g value equal to 7% of the

-amplitude of the saw-tooth deflecting voltage
- wave, as above explained, the scanning line never

reaches to the right of the line between points
234 and 234’. The scanning spot, however, does
pass over a region to the left of the line between
points 232’, 232"’ producing there the inactive or
optically unused partial-image pictures repre-
sented by the first seven partial-image produc-
ing tubes of the first horizontal line of the image
producing tubes shown by Fig. 14. Somewhat
similar, since the vertical negative deflector bias
on this partial-image reproducing tube is of
zero value, the vertical frame 1—8 (also bounded
by the loci 232’, 234, 234’ and 232'’) is the first
produced during the downward motion of the
scanning beam of the complete picture. After
this portion of the complete picture has been pro-
duced, the portions represented by the partial-
image producing tubes immediately therebe-
neath in the vertical column are produced each
narrower than the preceding in a vertical but
not a horizontal direction because of the non-
proportionality of the vertical scanning beam
motion and the vertical deflecting force in this
region. ) :
The remaining portion of the picture produced
by this separate image producing tube compris-
ing such typical portions as the distorted pic-
tures 2—1, 3—6, 4—5, etc., are indicated in the
figure and are all optically unused in the forma-
tion of the complete picture. In the designations
applied to Fig. 18, the first numeral of each sepa-
rate area represents the horizontal row of par-
tial-image areas and the second numeral rep-
resents the vertical partial-image area so that
the area shown in undistorted form by the desig-
nation |1—8 represents the first horizontal col-
umn and the eighth vertical column. Similarly,
the distorted area |—T7T represents the first hori-

zontal column and the seventh vertical column, -
and likewise the distorted area 3—8 represents 75
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the third horizontal column and the eighth ver-
tical column. . :
.+ A somewhat similar condition is illustrated by
Fig. 19 which shows the picture produced within
5 that image reproducing tube which is at the junc-
tion of the fourth horizontal row and the fifth
vertical row, so that it bears the locus, indicia
4-—8. This tube produces behind the unmasked
portion of this partial-image scanning tube the
10 partial-image identified 4—8 as bounded by the
bounding limits 647,548, 849 and ¢88. This per-
tial-image is undistorted, but all other and opti-
cally unused and masked partial-images are dis-
torted, as indicated. The actual distortion varies
W in arrangement and size from the areas 5—=§ and
~ $—8 which are only vertically distorted and areas
4—4 and &—8 which are only longitudinally dis-
torted to the distortion in two dimensions which
is to be noted for areas such as 8—12; $—3;. 2—8§;
90 .3—1: and 8—8 for example, for the reasons set
forth in describing Fig. 18. The main difference
between the cases shown in Figs. 18 and 19 is
that the horizontal negative deflector bias in
PFig. 19 is less than in Fig. 18, being of a value
8% equal to % of the maximum horizontal deflector
- voltage, but the vertical negative deflector bias in
Pig. 19 is greater than in Fig. 18, being equal to
3% of the maximum vertical deflection voltage.
This enables the production of the partial-images
M0 lying above and below and to the right and to
the left of the partial image area 4—3% on at least
some of the tubes. The actual distortions of the
unused image portions within a given tube may
be straight or curvilinear; but since they are
M unused, this is of no significance.
In any event, it will be appreciated, of course,
that the large size areas i—8 of Pig. 18 and
4—5§ of Fig. 19 are intended to represent the
areas of view uncovered by the aperture or win-
dow 114 of the masking screen {13 for the in-
_stantaneously active partial reproducing tubes.
“The remaining areas of each of Fig. 18 adjacent
the ac‘ive areas, such as |—8 of Fig. 18 and 4—8
of Fig. 19, are {llustrated in greatly exaggerated
sizes for the purpose of explaining more clearly
the invention. It should be understood/that in
actual practice, the combined width of the areas
{—I, 1—2, i—3, i—4, etc.,-through I—T of Fig.
19, for example, and the combined height of all
&9 of the areas 2—8, 3-8, etc..through 8—8 of the
same figure will actually be compressed very
greatly so that the total width and height of
these areas will be only of the order of 10 to
20% the width and height of the complete un-
A$ masked ares of the image reproducing tube in-
"~ stantaneously active. The same is true of Fig. 19
which shows in illustrative form the general size
relationship of the reproduced distorted areas
adjacent a more centrally located large area re-
produced at any desired time period from one of
the receiver tubes having a locus corresponding
to the location 4—8 of Fig: 19. - ]
- ‘A complete receiving system is diagrammati-

»

A5

—~

-

cally shown by Fig. 20 and while this figure -

43 makes a schematic representation of the entire
receiver, it should be understood that the various
parts and elements thereof should be considered
as related to the aforementioned Carlson patent,
as well as other patents and applications men-

4 tioned herein, insofar as each mentioned applies
to the receiver. In addition, for a complete un-
derstanding of Fig. 20 reference should also be
made to the remaining figures of the drawings
forming a part of this disclosure, - )

18 Referring now more particularly to Fig. 20, the

2,919,240

signals transmitted from the transmitter of ¥ig. 8

and reaching the receiver of Mig. 20 by way of s

radio transmitting link or by way of a suitable

cable, for example, that known as the “co-axial”
cable, are brought to a radio frequency selector §
708. This radio frequency selector may be & ra-.
dlo frequency filter or bandpass selector, suitably
tuned, as explained in the Carlson patent, or,
where desired, may be a radio frequency ampli-

"fler having an amplification factor equal to at 10

least unity. In many instances, the radio fre-
quency amplifier is desirable in order to preclude
all possibility of re-radiation from the system
which would be detrimental where more than a

-single transmitting station is sending out radio 15

signals simultaneously with the transmission of
the signals to which the receiver system of Pig. 19

is tuned. .

The output from the radio frequency selector
T80 is fed to the first detector 101 of the system 20
into which also there is introduced the frequency
developed by the local oscillator 102, and the out-
put from the detector and intermediate frequency
is then divided and a portion of the output energy
supplied to the intermediate frequency video am- 25
plifier 703, Uni-control of the selector, oscillator
and detector timing is preferred.© The video and
synchronizing signals are then to be separted in
the output from this amplifier 703. After suit-
able amplification, the video signals are directed 30
through the second detector 704 and the output
of this detector suitably amplified, if desired, iz
supplied to the control electrode of each separate
image reproducing cathode ray tube. -

Where image reproduction- is produced other 33
than by amplitude modulation or intensity con-
trol of the cathode ray beam in the separate im-
age reproducing devices, such, for example, as in
a system where velocity modulation of the rate
of traversal of the luminescent screen of the im- 49
age reproducing tubes by the cathode ray beam
is utilized, the energy output from the second de-
tector 104 may be used with or without further
amplification to control the rate of beam deflec- v
tion, in which event, the intensity of the developed 45
cathode ray beam would be uncontrolled. .

Should an automatic volume control system,
such, for example, as shown by the Carlson pat-
ent, be desirable, the automatic volume control
tube may be represented conventionally at 708. 59

The synchronizing signals separated from the
video signals by the synchronizing signal separa-
tor 788 are then further divided and the horizon-
tal or line control synchronizing signals or im-

.pulses (following each line of picture) are sup- 55

plied to the horizontal deflection voltage source

108 and the vertical or frame deflection control

signals or impulses (following each frame of pic-
ture) are supplied to the vertical deflection volt-
age source 101.  Such arrangements may be, as ¢o
above described, the known types of blocking
oscillators, for example, as described by Tolson in
United States Patent No. 1,899,378 or its Reissue
No. 20,338 and also British Patent No. 402,629,
and assoclated circuits or their equivalents and, ¢5
as indicated by the drawings. The output from
the horizontal deflection voltage source 708, as
well as the output from the vertical deflection
voltage source 181, is supplied to the deflection
control electrodes (assuming an electrostatic sys- 70
tem) of the various partial-image reproducing
tubes of the system, as shown more particularly
by Pig. 21. . s '
The audio signals forming a part.of the output
of the first detector 701 are directed to an inter- 75
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mediate frequency audio amplifier 709, as is also
disclosed in the Carlson patent above mentioned.
The amplifier intermediate frequency audio sig-
nals are next detected in the second detector T10
and are then further amplified in an amplifier
11f. The amplified audio frequency energy ac-

tuates a sound reproducer Ti2. Automatic vol-

ume control may also be utilized according to
known principles on the audio channel, although
this has not been {llustrated.

In connection with an understanding of this
invention, it should also be appreciated that in
many instances, the areas forming the borders of
the image reproducing tube for reproducing any
one section of the complete pattern of partial
areas need not be reproduced at all. 'This is be-
cause of the fact that the scanning beam in each
image reproducing tube serving to produce the
partial-image area for each different section of

- the complete reproduced view may so operate

that the electron beam which causes normally the
luminescent trace or pattern across the lumines-
cent viewing screen, such as the screen 168 of the
tube 160, (Fig. 11) may be suppressed or cut-off.

~ Thus, as soon as the path of traverse in horizon-

tal and vertical directions of the beam of the then

active image reproducing tube completes the par--
tial area to be represented thereby, there will be -

no active electron beam to impinge upon the edge
portions of the particular tube. It will be seen
that great economy of power may be had because
each separate image reproducing tube is active
or, in other words, is developing a stream of elec-
trons to form the scanning beam only at such
times as it is usefully engaged in reproducing a
useful portion of the complete image area. At all
other times no beam will be active. This sup-
pression of the electron beam may be accom-
plished in various ways, and for instance may be
controlled through the use of a suitable biasing
source normally biasing each image reproducing
tube to a cut-off position except at the time when
the image reproducing tube is usefully engaged
in reproducing a partial area of the complete
viewed ares. .

In the system of operation previously described,
the anode voltage is continuously applied to each
image producing tube in the array. Anode or
beam current will flow in such circuits of each
Image producing tube in accordance with the
value of the instantaneously applied video fre-
quency or modulation vollage. This modulation
voltage controls the beam intensity in the elec-
tron gun of each tube. It is desirable, although
in no way essential to the operation of the system
above described, to cut-off the beam current by
removing effective anode voltage except when
each individual image producing tube is restricted

" to producing the immediately useful partial-im-

65

age area with which it is coordinated. Accord-
ingly, as soon as the deflection voltage actually
applied to the deflecting electrode plates of each
image producing tube reaches the value which
deflects the electron beam and the resultant
scanning spot onto the unmasked portion of the
screen of the image producing tube, full anode
voltage must be applied. Similarly, as soon as
the deflection voltage on the plates of the same
image producing tube reaches a greater value,
such that the scanning spot leaves the useful and
unmasked screen area, the anode voltage should
be removed completely from this image produc-
ing tube. In practice, a certain tolerance of lee-
way below the initial value, above mentioned, and

above the final value, above mentioned, for the

21

deflection voltages may he selected for the points
at which the control of the application or removal
of anode voltage upon the image producing tube
becomes effective. 'This control insures full cov-
erage of the screen area for the time beriod use-

ful in producing the partial-image area but, at -

the same time, renders each separate image pro-
ducing tube inoperative for all time periods not
useful in producing each separate partial-image
area.

10

The anode voltage may conveniently be re-

moved from each individual image producing
tube, as herein described, during periods not
useful in the complete image production through
the use of two pairs of two tubes each arranged
in series, where each pair of tubes is under the
control of the deflection voltage in one of the
two directions of deflection. These tubes may be
identified as the thermionic load control tubes.
The first of these control tubes of each pair is
a “threshold” tube which permits anode (accel-
erator electrode) voltage to pass therethrough
whenever deflection voltage applied to the cor-
responding associated image producing tube de-
flecting plates reaches the minimum useful value.
The second of these control tubes of each pair is
a “limiter” tube which cuts-off the anode (accel-
erator electrode) voltage of the associated image
producing tube whenever the deflection voltage
applied to the deflecting plate electrodes exceeds
the maximum useful value.

From the foregoing statement it will be appar-
ent that the number of “control” tubes should
equal four times the number of separate image
reproducing tubes.

One form of apparatus to accomplish the
maximum degree of power saving is shown by
Fig. 26 with a modification by which lesser total
bower can be saved being disclosed by Fig. 27.
Each of these figures assumes electrostatic de-
flection of the: cathode ray beam (for simplicity
of illustration) but it will be apparent that the
principle of operation is equally applicable to
electromagnetic deflection, of to a combined
electrostatic-electromagnetic system. Likewise,
the control system for the beam cut-off is applica~-
ble either at the transmitter end of the system or
at the receiver end of the system and, there-
fore, the showing by the drawings of a receiver
type tube must likewise be considered merely
illustrative.

Referring now to the drawings (first to Fig. 26
for high degree power saving) the electron beam
developed within the tube 160 is produced by the
development of a voltage difference supplied be-
tween the tube first anode 501 and the cathode
503 (forming together with grid 505—all conven-
tionally shown—the electron gun 164 of Fig. 11)
by the source 501. The beam deflecting electrode
pairs 165, 166 (vertical beam deflectors) and 161,
161’ (horizontal beam deflectors) are connected
at terminal points 508 and 509, respectively, with
the source of deflection voltage to sweep the de-
veloped electron beam across the luminescent
screen area 168 and the shield or masking area
IR

- Serially connected between the cathode 503
and the anode 501 are the source of anode voltage
507 and the two control tubes 511 and 513. The
series connection is provided by connecting the
positive side of the source 507 to the anode of
tube 511 and then connecting the cathode of this
tube to the anode of the next tube $13 which has
its cathode connected to the anode of tube 511°.
Each tube 511’ and 513’ is connected simjlarly
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to tubes 511 and §13. There is applied to the
control grid electrode of all tubes 811, 613, §i1’
and 513’ a suitable bias voltage from sources 8§18,
511, 518’ and 5171’ respectively. It will be noted
that each of the sources 515 and 511, as well as
515’ and 517, are poled oppositely with respect
to the two control tubes which are connected
therewith. For example, tubes 511 and 511’ have
the bias sources 5i5 and 515 connected to the
positive side of the vertical and horizontal de-
flecting voltage source connected at 508 and 509.
Likewise, tubes 513 and 813’ connect with the

negative side of the vertical and horizontal de-

flecting voltage sources connected at terminal
points 508 and 509. The vertical and horizontal
voltage sources also connect with the deflection
electrodes of the image reproducing tubes 160
so that the electron beam passing through the
tube anode 501 toward the screen 168 is deflected
across the screen and upon the masking area (71,
At the same time that increasing voltages are
applied to the deflecting electrode pairs 165, 166
and 167, 167’ the changes in voltage at terminal
points 508 and 509 are effective upon the ther-
mionic control tubes 5ii, 513, 511’ and 513’ con-
nected thereto. The choke coils 519 serve to pre-
vent any considerable A. C. from the deflecting
voltage source flowing through the series capac-
ity of the thermionic tubes. In such a case the
saving in anode power may he expressed by the
formula

P. S. (power ss,ving)-”%1

where n equals the number of separate image
producing tubes in the complete array, so that,
neglecting power “on” period for short period
where the scanning beam is impinging upon the
masking area due to the selected degree of toler-
ance permitted, the saving on a 64 image repro-
ducing tube array would be %344 of the total anode
power of the image projecting tubes.

However, it is clear that such saving in power
is at the expense of a great number of control
tubes and for commercially practical reasons and
initial installation expense may prove undesir-
able. Therefore, by a sacrifice of some power
saving it is usually desirable to reduce the num-
ber of controlling tubes. The power saving is
substantial where the control is arranged to func-
tion under the control either of the row scannings
or of the column scannings so that single instead
of double control of each image scanning tube is
provided. For single control it is necessary to
provide either two control tubes per row or two
control tubes per column of image reproducing
tubes in the complete array. With this type of
arrangement the power saving may be expressed
by the formula

Jn—1

P. S. (power saving)=-T

where 7 again equals the number of separate
image producing tubes in the complete array.
For single control, therefore, it can be seen read-
ily that 7%ths of the total power can be saved
in a 64 image reproducing tube array with the

number of control tubes reduced to 16. Thus,’

for double control to save 63jsths of the ‘total
power 256 control tubes are utilized but for single
control 7gths of the total power can be saved
through the use of 16 control tubes.

Not only does a system of the above type re-
sult in a substantial saving in anode power for
each complete panel array but it also results in
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a decrease of the average emission drain on the
cathode of the image reproducing tubes associ-
ated with the discrete partial areas so that the
tube life is substantially prolonged.

The operation of the above system may be de-
scribed briefly by noting that tubes 5(1 and 8§11’
have the control grid supplied with a negative
bias, whereas tubes 513 and 513’ have the control
grid supplied with a positive bias. When the
deflection voltage wave (see Figs. 8 and 13) ap-
plied to the deflection electrodes of the tubes
160 to deflect the developed cathode ray is con~
sidered, it will be appreciated that there is as-
signed to each image producing tube 160 a cer-
tain portion of the complete wave which is to be
effective on the selected tube. Thus, if it is as-
sumed that a nine tube panel array is being op-
erated and a change in deflection voltage magni-
tude from 0 to 6000 volts is required to provide
complete. beam deflection in both horizontal and
vertical directions, it can be appreciated that the
tube having the column and row index 2—2 will
operate in the range 2000 to 4000 volts for both
horizontal and vertical deflection. If now a volt-
age change of 100 volts above and below these
hypothetical values is assumed to be the degree
of tolerance in operation then it will be appre-
ciated that the bias voltage values 1900 volts and
4100 volts will be the battery voltage for sources
515 and 517, as well as 515’ and 517’, respectively.
Thus, it is apparent that tubes 8§11 and 511’ will
have negative biasing voltage supplied thereon
(herein assumed for explanation purposes equal
to tube “cut-off” voltage) until the deflection
voltage exceeds 1900 volts after which any in-
crease in deflection voltage will cause these tubes
to become positively biased and the tubes to draw
plate current.

Similarly, since the tubes 513 and 513’ are bi-
ased positively each tube draws plate current
until this tube has applied thereon a negative
voltage sufficient to equal or overcome the posi-
tive voltage of sources 5171 and 5171’. Since the
negative deflector plate supply is connected with
these tubes any voltage in excess of the assumed
range will bias these tubes to “cut-off.”

From the drawings, it will be seen that anode
voltage is supplied to the cathode ray tube anode
581 from the source 507 through four serially
connected thermionic tubes 511, §13, 511’ and
513’ of which tubes 51t and 511’ may be termed
“threshold” tubes and tubes 513 and 513’ may
be termed “limiter” tubes. If now, tubes 54i
and 811’ are biased to “cut-off” for any value
of deflector voltage less than that within the
operating range assumed for the cathode ray
tube 160 assigned to chosen index location (2-~2
assumed herein) and if tubes 513 and 513’ operate
for all voltages below the chosen limit value for
the assumed index, it is apparent that the only
time all of the tubes 511, 513, 511’ and 513’ draw
plate current simultaneously is when the range of
the deflection voltage in both horizontal and
vertical directions is in the operating range 2000
volts and 4000 volts (neglecting the assumed tol-
erance factor) so that the only time when anode
voltage from source 507 can become effective upon
the anode 50f is at the time when all of the
“threshold” and “limiter” tubes 51f, 513, 511’
and 513’ are simultaneously drawing plate cur-
rent. Otherwise, due to the high internal im-
pedance of the thermionic tubes in a non-con-
ducting state (that is, when the thermionie tubes
draw zero or substantially zero plate current) the
direct current from source 3507 is ineffective to
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form any electrons emitted from the source 503
Jf the cathode ray tube 160 into & beam and
there is a consequent saving in cathode ray tube
power. :

The above description, it will be appreciated,
considers a complete or maximum reduction in
cathode ray tube power saving. However, as
was above suggested, due to the large number of
“threshold” and “limiter” tubes required to effect
this saving, it is usually desirable to save a lesser
degree of cathode ray tube power. For such

purpose the arrangement of Fig. 27 is preferred

from a commercially practical” viewpoint. By
this modification, the operation is substantially
similar except that all cathode ray tubes in each’
row are maintained in an operative state for
the entire time period that the deflection voltage
in a vertical plane is within the range to cause
the particular horizontal row of tubes to be ef-
fective in producing partial-image areas. The
only change in the arrangement of Fig. 27 from
that described in connection with Fig. 26 is that
the separate partial-image area reproducing
cathode ray tubes do not have the horizontal

- sweep voltage made effective from the standpoint

of controlling power saving. For such an ar-
rangement the ngative terminal of the anode
voltage source 507 is connected with the cathode
5§03 of all cathode ray tubes in its horizontal row

and, similarly, the anodes 501 of all tubes (60

in each horizontal row are connected with the

cathode of the limiter tube §i3. The tubes 5i1 -

and 513 are “threshold” and “limiter” tubes bi-
ased and controlled as to operation by the vertical
synchronizing saw-tooth voltage as was described
in connection with Pig. 26 and the-anodes 501
of all tubes 160 in each horizontal row are all
supplied with voltage from source 5071 whenever
tubes 511 and 513 are simultaneously operative.
It is also well to note that with arrangements of
the type shown by Fig. 26, especially it is desir-
able, usually, to provide separate transformer
windings to supply the A. C. heating of the fila-
ments for cathodes of all tubes 511, 513, 511, 513’
and so forth, since the voltage on each rises with
respect to a uniformly established potential con-
sidered as ground, for example.

In connection with the deflection and activa-
tion of each separate image reproducing tube and
the manner in which each tube will reproduce
the partial area of the complete image area suit-
able deflecting control means are utilized. Vari~
ous ways and means to accomplish this result may
be utilized. Briefly, the manner of controlling

the deflection or time when each separate tube

of the complete array is active may be brought
within several broad classifications. As was ex-
plained in connection with the deflection control
for the transmitter end of the system described
by Figs. 6 and 7, a multi-bias system operating
at high voltage, curreny, or power levels may be
utilized at the receiver system. - Also, as a modi-
fied form of control a multi-bias control system
may be utilized which may operate at low levels.
Each of these systems will be classified as a mono-
phase system since only one phase of the de-
fiection control signaling 1mpm§e is utilized.
However, a multi-phase control may also be used.
In such a form of control as many phases of the
control signaling impulse, such as the saw-tooth

" shape deflecting wave, as there are columns or

rows in the panel array may be used for the
burpose of controlling the several image repro-
ducing tubes from which the several partial areas-
of the complete image are reconstructed. Multi-

23
phase systems, like the monophase systems, read-
ily classify themselves into single bias systems

. which operate either at high or low levels, as

will be herein explained. '
For the purpose of considering these various g

. forms.of systems, reference may be had to Fig.

13 in conjunction with Fig. 21a. Referring now
to Fig. 13, it will be seen that the deflecting wave
190, 191,192, 193, etc.,-has the portions between
the level 195 and 196 active to control the beam 10
deflection of the several image reproducing tubes
over the area ({—I of Fig. 18, for example. This
is true whether or not horizontal or vertical de-
flection is being considered with the exception,
of course, that the frequency of the controlling 18
wave is lower with respect to vertical deflection.
than with respect to horizontal deflection.
Therefore, the general wave shape of the vertical
and horizontal deflecting waves, while remaining
substantially similar, varies insofar as the time. 20
representation is concerned. That portion of the
controlling deflecting wave which lies between
the levels 196 and 197 will be effective in a hori-
zontal direction of control to control the repro-

‘duction of the horizontal pattern traced in the g§:

image area |—2 of Fig. 19 and in the vertical di-
rection to.control the image traced within the
partial-image area 2—I of Fig. 19. Similarly,
that portion of the deflecting wave lying between

the levels 197 and 198 will be effective to control ggp'

in 2 horizontal direction of traverse the produc-
tion of the image upon the area 1—3 of Fig. 19
and in a vertical direction to control the repro-
duction of image traces in the area 3— | of Fig. 19,

In connection with the foregoing, it should, of g5
course, be understood that the same wave cannot
control two functions, but by reference to the
similarity -between the horizontal and vertical
control waves, it will be understood that different
levels of the horizontal and vertical wave serve
as this control means. Therefore, while two dif-
ferent waves are referred to with respect to dif-
ferent horizontal and different vertical -partial
waves, the proportionality of the wave which is
effective holds for the foregoing description. So. 45
considered, it can be seen by referring to the wave
formation a of Fig. 21 (which assumes s com-
posite viewed area formed from nine separate
partial or component part areas) that for the

area l—I, for example, the portion 191, 25i of 50

the wave 190, 191, 192, 193 is effective in the
area {—I. The portion 251, 252 of the wave 190,
191, 192, 193 is effective in the partial area 1—2 or
2—1 depending upon whether the complete waveis

a horizontal or a vertical deflection control wave. 53

Therefore, it can be seen by referring to Fig. 21
that with the wave separated as there shown into
several separate parts, the different parts repre-
sented by the heavy lines indicate the portion of
the wave effective in any one partial area while 6
the dotted outline portions represent the ineffec
tive portion of the wave. '
By Fig. 21g the three curves shown represent
from top to bottom the deflection waves applied to
three separate tubes for producing the upper par- ¢5
tial areas or topmost row for a nine partial-
image system and are intended to indicate only
the horizontal deflection voltage curve. The de-
flection voltage for the vertical columns would

"be similar (except for frequency) and this is not 70

shown. For example, the top curve of Fig. 2la

“would represent by the dark portion thereof the -

horizontal deflection voltage for the assumed sys-
tem in the first vertical column or the vertical:
deflection voltage in the topmost row. - Similarly,




249

the middle curve of Fig. 21a represents by the

darkened portion the horizontal deflection voltage

effeciive in the second column from the left or
the vertical deflection voltage effective in the sec-
ond row from the top. Therefore, for a com-
plete understanding of the curves of Fig. 21a it

_should be appreciated that the portions of the

deflection waves indicated by dotted outline rep-
resent the inactive portions of the deflecting
wave, that is, during the time periods shown by
dotted outline the scanning spot has not actually

" . entered the luminescent screen fleld of the active

image projection tube coordinated with the se-
lected partial area or. the scanning spot has
moved beyond the fleld of the immediately active
scanning tube. Therefore, the dark portion of
each deflection wave of Fig. 21a represents that
portion of the deflection wave actually useful in
creating s partial-image area. However, under
some operational conditions (see Pigs. 26 and 27)
the non-useful period of the scanning beam de-
flection wave may correspond substantially to
extinction periods of the beam.

For simplicity of representation, the multi-bias
high level monophase system of control disclosed
by Fig. 21a has been illustrated as applying only
to a system wherein nine separate image repro-
ducing tubes are utilized, that is, three tubes in
each of three parallel groups of partial-images

90 in contrast to the sixty-four tubes assumed by

55

Figs. 14 through 19. Therefore, reference to Fig.
13 holds only insofar as two sections (assumed
as sections (91,
plete wave and the uppermost section 262, 192 of
the complete wave is concerned. It will be under-
stood and appreciated that for partial-image
areas intermediate the area {—2 and i—8 the
application of the operational prlnciple would be
similar.

So considered, it will be seen that the portion
of the deflecting wave lying between the bracketed
points 252 and 192 is, in effect, eliminated in a
nine tube partial-image system. The portion of
the deflecting voltage wave of Fig. 13 effective in
sweeping the electron beam of the several image
reproducing tubes of a nine tube array is, there-
fore, best understood from Fig. 21. In operation,
where area I—I Is scanned, area 1—2 is next in
order so that the voltage of the deflecting wave
increases in amplitude between the values repre-
sented by the points 25! and 252. The changes
or increases in amplitude of the deflecting wave
190, 191, 192, 193 which occur between the points
191 and 192 are effective, for example, in mov-
ing the spot of the image reproduced in a direc-
tion from left to right looking at Fig. 19, for ex-
ample, but having no effect in moving the beam

251 and 251, 252) of the com-
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" This is the usual form of saw-tooth wa.ve de-
veloped for deflecting a cathode ray beam along
a saw-tooth path in any type of electrosatic de-
- flecting system. The saw-tooth voltage wave for
deflection is usually produced by charging a con-
denser linearly from a voltage source and when
the charge has been accumulated to the desired

—

degree suddenly releasing the charge. The charg- '

ing along a linear path is usually accomplished
by charging through a high resistance or
-through a suitable constant current tube (a di-
ode, tetrode or pentode). Discharge of the stored
charge is provided by way of a discharge tube
(a high vacuum tube suddenly caused to become
highly conducting or by way of a suitable fornt-of
gaseous discharge device which will discharge the

stored charge when the break-down potential of

the gaseous device is reached in charging)..

Where the high vacuum tube is used as the dis-
charge means the tibe is usually controlled in
its operation by supplying to its input circuit a
strong pulse of energy from an oscillator (a block-
ing oscillator, a “dynatron” or the like) which is,
in turn controlled as to its frequency of opera-
tion by received synchronizing impulses. The
electrostatic ‘deflecting plates of the cathode ray
tube are usually connected across tlie terminals
of the condenser to be charged. The foregoing,
while known in the art, is also described in the
above referred to application of A. W. Vance.
 With this understanding it will be appreciated
that the numerals {, 2 and 3 of each of Figs. 21a
through 21d represent either a row or a column of
tubes having the identifying numerals circled.
If it is desired to know the type of deflection
wave for vertical column 2 and horizontal row
3, for example, it can be seen by referring to Fig.
21a, for example, that the vertical deflecting wave
will be the dark outline portion of the bottom

voltage wave of Fig. 21a while the horizontal de-"

flecting wave will be that shown by the heavy out«
lines of the middle curve of Fig. 21a, although,
naturally, each ‘wave is upon a different and cor-
responding time base. Accordingly, for the as=

sumed partial area the voltage effective upon.

“the horizontal deflecting. electrodes of the coor-
dinated tube, and useful in producing a visible
image, will be within the range between points
251 and 252 for the beam advance and between
points 254 and 255 for beam return, while the
vertical deflecting voltage effective will be within
the range between points 252 and (92 for the
beam advance and’ between points 192 and 254
for beam return.

If now that portion of the deflection voltage
wave represented between the points 252, 182

and 254 is considered, it will be seen that the

~ of the other separate image reproducing tubes’ wave formation is exactly similar to the wave

k¢

in a, direction from right to left. The control
of motion in the reverse direction is accomplished
by the return portion of the non-reentrant wave
or saw-tooth deflection wave. In other words,
the slowly increasing amplitude values of each
deflecting wave (between points 181 and (92, for
example) cause the image point to move slowly
across the luminescent screen of each separate
image reproducing tube to produce the desired

pattern or image when the beam is ¢ontrolled in

intensity by incoming signals. The rapidly de-
creasing amplitude values of the beam deflecting
wave (for instance, those changes occurring be-
tween the points 192 and 1938 of Fig. 13) cause the
beam to retrace its path rapidly to a starting
position, except, of course, that beam extinction
during return line periods usually takes place.

- only for the area I—3 or 3—I.

portion (91, 192, and {93 (Fig. 13) which was
effective for the entire system although, from the
above discussion, it will be apparent that the por-
tion of the wave represented between points 252,
192 and 254 can be effective for beam deflection
Similarly, the
two time separated portions of the complete de-
flection wave between the points 251 and 282,
and between points 254 and 255 are also similar
in slope to the portions 181, 192, and 192, 83
except for the time separation. This condition
also holds true with respect to the separate por-
tions indicated between the points 191, 25, a.nd
258, 193.

¥From what has peen stated above it is appar-
ent that the portions of the deflection wave ac-
tually deflecting the developed cathode ray beams

””
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when used either to translate light into electrical
energy or electrical energy into light energy are
in sequence (91, 281 and 234, 252 and 252, 192.

- The beams developed in the partial-image area

10

70

(]

tubes are at other times moved by the deflecting
force to a position where they are not useful for
scanning or as described by Figs. 26 and 27, for
example, ‘the developed beams arée completely
suppressed. In order to limit the effectiveness of
each section of the increasing amplitude saw-tooth
deflection wave to the desired partial area vary-
ing magnitude bias voltages are applied to the
deflecting electrodes as explained for example, by
PFigs. 6, 7 and 17 with the magnitude of the bias
to prevent the effect of the deflection voltage up-
on any tube until the desired time being applied
in the opposite direction to the direction of in-
crease of the deflection wave amplitude. R
If it is assumed that the ordinate value 195,
186 (Fig. 13) of the deflection voltage (d. v.) is
required to move the scanning beam. from one
edge to that opposite of a single tube then it can
be appreciated that the tube in partial area I—i,
for example, will (with the system of Fig. 21a
assumed) be acted upon by a deflection wave of

an amplitude varying between 0 and 3 d. v. Sim- -

ilarly, since the deflection wave of amplitude 3
d. v. shall not be simultaneously effective in the
partial areas {—2 or 2—! (depending upon ver-
tical or horizontal deflection) the deflecting sys-
tem for these areas should have applied thereto

a negative bias voltage of a value—d. v. (assum-

ing the deflecting wave is positive, so that the
deflecting wave is then effective in the region
starting at the point 251 continuing through
point (92, -although, when the point 252 is
reached, the scanning spot (as with the first as-
sumed condition) is just ready to leave the ac-
tive or useful portion of the screen of this par-
tial or component picture area. Similarly, for
the tube translating the image in the partial
areas 1—3 or 3—I1, the deflection wave shall be
inactive for two-thirds of its amplitude and,
therefore, for this pericd the scanning spot is
positioned just prior to the point of entering into
the active or useful portion of the screen, and, as
above -assumed, with the deflection voltage in-
creasing in the positive direction, the deflection
electrodes for the last named partial or com-
ponent areas will have applied thereto a hega-
tive biasing voltage of a value—2 d. V.

Since the scanning beam for the return trace
across either the mosaic of a transmitter tube or
the luminescent screen of a reproducing tube is
suppressed, in well known manner, as above sug-
gested, the return portion of the deflection volt-
age wave between points 192 and 193 (Fig, 13) is
inactive to produce any useful effects. If any of
the various portions of the return section of the

. deflection wave were active, the portion 192, 254

of the wave would produce the return trace across
the partial area (—3 or 3—1. Similarly, the por-
tion 254, 255 of the defiecting wave would, under
the same conditions, produce a return trace in
the partial area {—2 or 2—i and, lastly, the sec-

tion 258, 193 of the deflection wave would pro--

duce the return trace for the partial area f—i.

It is seen that for a high level monophase sys-
tem, such as shown by Fig. 21q, a multiplicity of
different biasing voltages must be applied to the
separate deflecting electrode systems controlling
the tubes segregated to each partial-image area,
and likewise the values of these deflecting bias-
ing voltages are progressively increasing from
tube to tube in accordance with the increase in

25

magnitude of the deflection voltage wave portion

- assigned, 8o to speak, to each tube. It can be seen

from Fig. 21a that the change in control from
different tubes for producing different partial
areas is accomplished by providing multiple bi-
asing values where the system operates at an am-
plitude of the deflection voltage and upon a sin-
gle phase of that voltage only. The segregation
of the signal effect from one tube to another is

obtained by the changes in the ampilitude valite. 10

of the controlling wave operating different par-

tial-image area tubes. Irrespective of the partic- -

ular tube functioning at any particular time pe-
riod, the changes in amplitude of the controlling
deflection wave between minimum and maximum
values for each separately controlled tube is al-
ways equal and the rate of increase or decrease

- in amplitude values of each controlling wave is

always the same irrespective of the fact that the
time when each portion of the wave becomes use-
fully effective upon each of the separate tubes
depends upon the location of the several tubes
with respect to the complete ares and the corre-
sponding biases.

However, it is desirable, if possible, to avoid the
use of high level bias systems, and, accordingly,
through the cooperative use of suitable biasing
systems and current limiting devices separated
from the deflection electrode systems, such as
shown more particularly by Fig. 25, it is possible
to confine the beam deflection control for each
tube to low levels where the change in amplitude
for the deflecting wave effective at any one tube
of the system for producing the several partial-
image areas will not exceed the value d. v., where
d. v. is assumed equal in magnitude to the voli-
age required to move the scanning beam in any
one tube from one edge of the screen to that di-
rectly opposite, and still the complete system
must function effectively to segregate in time re-
lationship the deflection voltage (d. v.) active at
the desired time period upon any one tube of the
system, . : .

Consider now the second curve: (Fig. 21b)
wherein each portion of the beam deflecting wave
is represented in identical manner to that of Fig,
21a except that the several portions of the wave
effective on each of the different areas is always
limited to the same amplitude value, explained
by Fig. 25. In such event, the controlling portion
of the complete deflection wave which will be ef-
fective upon any one of the severa] image repro-
ducing tubes is in each instance a wave which

‘changes in amplitude between its minimum and

maximum value by an amount at least equal to
that amplitude (d. v.) required to move the de-
veloped electron beam from one edge of the lu-
minescent .screen to the opposite edge, but the
amplitude of the deflecting wave effective in any
one image reproducing tube is in no instance the
complete amplitude of the initially developed de-
flecting wave 180, 191, 192, {93 developed in the
generator 708 (Fig. 25).

In considering Fig. 21b which covers the low
level control system using a monophase version
of the saw-tooth deflecting wave, this figure
should be considered in connection with Fig. 26
in order to appreciate the manner by which the
level of the controlling wave is controlled and

. limited to a fixed value. So considered, the saw-

tooth wave generator T06 develops the saw-tooth
shaped energy wave corresponding to the wave
formation 190, 191, 192, 193, 194 (Fig. 13). The
frequency of this developed wave is preferably

controlled by means of the synchronizing sig- g
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nals or impulses originating at the transmitter
and transmitted along with the video and audio
signals. The synchronizing signals are separated
from the received video and audio signals in the

8$ receiver by means of the synchronizing signal
separator 708 (Fig. 20). The energy output from

. the saw-tooth generator 788 is fed to the thresh-
old or bias elements Ti4, 115, 11¢ which are re-
spectively of zero bias, a negative bias equal to

10 % the amplitude of the output from the gener-

ator 708, and a negative value equal to 24 the -
amplitude of the output from the generator 786

(assuming in each case that the output deflection
wave from the generator T84 is positive in sign).
18 The wave formations appearing in the output of
the threshold or bias elements 714, 718, 718 are
shown by the heavy line wave formation imme-
diately ‘above each element.. Each of these ele-
‘ments may, for instance, be in the form of a
89 thermionic tube having applied to the input cir-
cuit thereof a biasing voltage which must be
overcome by the amplitude of the deflecting wave'
in order for the tube to pass current and the
magnitude of the current passed will then be
' proportional to changes in amplitude of the sup-
plied input wave greater than the bias voltage.
The output energy from the threshold or bias
elements Ti4, 718, Ti8 is supplied, respectively, to
Hmiting devices 'H'l 118, 118 which, respectively,
- g9 are so arranged as to limit"the amplitude of the
autput signals to 13 that of the input, 25 that
of the input, and to the entire output or ampli-
tude so that the output energy from the several
limiters will, in each instance, be a wave form
38 varying between minimum and maximum ampli-
tude by identical amounts. However; the points
of initial effectiveness of each wave output shifts
in accordance with the displacement of the dif-

ferent sections 181, 281, and 251, 252, and 252,

@ 192 of the controlling wave 190, 191, 192, 193
-*¥ from each other in time relationship. Such lim-
iting devices may be in the form of thermionic
tubes which saturate at time periods when the
input to the limiter TiT from the source reaches
14 its amplitude value, and in the case ‘of the
limiter 718, when the input wave reaches % its
maximum amplitude value (this corresponds to 25
the amplitude of the output wave from thresh-
old or bias element 714, since the initial 15 is
suppressed in the threshold or bias element 715
" and which will, as in T8, pass the entire output
-(the initial 24 of the wave of the saw-tooth gen-

erator 708 having been suppressed by the thresh- ’

old or bias element 716).
Naturally, elements 1{4 and 719 since they

558 L either bias nor limit may, in practice; be merely

conductors (although shown for symmetry and -

ease of explanation as separate elements). :
. The output energy from the lmiters 717, 718,
119, it will be seen, corresponds, as indicated by
60 the heavy wave formation diagrammatically
shown above each limiter, to the top, center and
bottom curves of Fig. 21b. For a nine tube ar-
ray to produce nine separate and distinct partial-
- image areas, if it is assumed that the horizontal
65 waves, for example, as being considered, then the
- output from the limiter T1T may be identified as
_the deflection wave | (Fig. 21b) the output from
the limiter 718 as deflection wave 2 (Fig. 21b) and
__the output from the limiter 719 as deflection
i0. wave 3 (Fig. 21b).

In any low level system, it will, of course, be ap-
preciated, that it is unnecessary for the saw-
tooth wave generator 706 to develop saw-tooth
wave energy of sufficient amplitude to produce

76. directly the desired beam deflection in any single

tube. The principle requisite is that the energy.
developed by the saw-tooth' wave. generator 708

(as in Fig. 25) be of a wave shape like that shown '

by Pig. 13 so that after this wave is passed
through the threshold or biasing elements and
the limiter elements the output energy shall
have the wave formations shown immediately
above each limiter and which bear the same pro-
portionality to the developed wave from the gen-
erator 108 shall result. Therefore, the output
energy from each limiter device is passed through
an aperiodic amplifier (not shown in detail, al-
though any suitable and known form of aperiodic
amplifying device may be utilized) which ampli-
fles the voltage wave output from each limiter to

10

15

the desired amplitude required to deflect each -

developed scanning beam from one edge portion
of the screen to the opposite edge portion. ‘Hence,
the wave formation appearing in the output of
éach limiter TI1, 718 and 719 is proportional to
the output from each aperiodic amplifier device
120, 7121 and T22. Of course, if the amplitude of
the energy developed in the saw-tooth wave gen-
erator 708 is (assuming the nine tube panel ar-
ray) equal to 3 d. v. then the amplification fac-
tor in the aperiodic amplifier is equal to unity
because the output from the limiter would then
be of an amplitude corresponding to the deflec-
tion voltage (d. v.) whereas wherever the out-
put from the limiter is of amplitude less than
the deflection voltage d. v. the aperiodic ampli-
fler amplifies this wave energy so that the out-
put from the aperiodic amplifier is equal to the
deflection voltage d. v. By separating the out-
put energy from each limiter and directing this

‘output energy to the deflecting electrodes of the

several separate tubes of the array, the deflecting
voltage applied to each of the tubes will succes-
sively vary from the same minimum to maximum
values.

The point of minimum amplitude of each of the

deflecting voltage curves, shown by the limiters

7111, 118, 719 is proportional to (with later aperi-
odic amplification) or equal to (without later:
aperiodic amplification) that voltage value where
the scanning spot is just immediately prior to
entering the active or useful portion of the screen
or component picture area and the point of maxi-
mum. amplitude of each of the heavy line por-
tions of the waves shown immediately above
the limiters in Fig. 25 is proportional to (with
1ater aperiodic amplification) or .equal to (with-
out later aperiodic amplification) that value of
the deflecting wave which is sufficient to move
the scanning spot of each tube upon its effective
travel just past the point of exit from the active
and useful portion of the screen or component
picture area. In accordance with .the arrange-
ment for control shown by Fig. 21b and more
clearly explained by Fig. 25, the amplitude of the
deflecting voltage effective across the deflecting

- plates 165, 166 or 167 (see Fig. 11) for any par-

tial-image area tube, is .in all instances only
that voltage necessary to move the developed
cathode ray between the points 171 and 170 (see
Fig. 11, for example) whereas with the high level
control system, as was explained by Fig. 21a, the
deflecting wave effective on the several tubes is
several times the amplitude of the deflecting
wave necessary to move the scanning beam
through the active or useful portion of the
screen where only through the use of suitable
biasing arrangements applied directly to the de-
flecting electrode system, was the deflecting wave
caused to be effective on the different tubes of the
system in sequence.
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Now, considering the foregoing, it will be seen
that regardless of whether the system of control
operates on multi-bias at high level or low level
it requires only the development of a single non-
reentrant saw-tooth formation electrical wave.
However, biasing each reproducing tube to some
degree is essential and\required at some point in
the system because the same deflecting wave con-
trols all of the several partial-image. reproducing
tubes. It will also be seen that the slope of each
controlling wave is similar and that while in some
instances, notably in the deflection of the first
and second tubes, there is a time separation be-
tween the useful deflection and the return de-

flection of the beam, the return path of the beam

takes place at the same rate for all tubes. If,
for example, that portion of the deflecting wave
between the points 252, 192, 254 is considered as
effective, for example, upon the areas I—3 and
3—1 (assuming nine partial areas for the com-

plete image) then, it will be seen that this is

effectively the topmost third of the complete de-
flecting wave. However, each other portion of
the deflecting voltage wave is a wave exactly
similar except that the slowly increasing and
rapidly decreasing portions of the wave are sepa-
rated in time. Therefore, it can be seen that the
entire system may resolve itself into one wherein
only the topmost portion of the wave may be
utilized, that is, the portion where the slowly
increasing amplitude value of the deflecting wave
is followed immediately in relationship by the
rapidly decreasing portion of the wave if the
wave can be separated into separate identical but
time separated versions. Therefore, the system
of controlling the deflection may resolve itself
into a system which may be effective as a multi-
phase system providing time separatedversions
of one controlling wave to control the image
areas at which each portion of the received sig-
nal is reproduced. ’

Many and various ways and means to accom-
plish ‘this result may be utilized, but one con-
venient form which will be later explained in
further detail consists in utilizing a wave,of the
type and general formation of the wave 190, 191,
192, 193 and 194 to cause the development of
separate identical waves time separated. Such a
system of control briefly may comprise the

,

_utilization of the controlling wave to produce a
rotary field and by split-phase methods to de- .

velop two energy components of that wave hav-
ing 90° phase displacements by appropriate in-
ductive and capacitive reactances. When such

_components are developed, there are then pro-

duced multi-phase voltages from the rotary field
which results. The production of the multi-

phase voltages of these rotary fields may then be -

brought about by the positioning of suitable
energy pick-up coils axially in the rotary field,
that is, in inductive relationship with respect to
the rotary field, and with the axes of these pick-
up colls separated spacially by angular distances
360°/n, where n is the number of phases desired,

.the desired number of the  phase - displaced

versions of the deflecting wave may be deter-
mined. After the various desired number of
phase separated signals representing 360°/n has
been produced, these separate versions of the

. signal then serve to control the beam deflection

In the several tubes for producing the separate
partial-image areas or the selected voltage waves
may be fed through separate saw-tooth or non-
reentrant wave amplifiers, each of which feeds a
phase displaced version the same formation elec~

27

trical wave to the deflecting electrode system of
the separate tubes (by way of suitable biasing
means if necessary in accordance with the ampli-
tude of the deflecting wave) so as to cause the
desired spot deflection. , '

From what has gone above, it can be seen
that in dny of the foregoing systems operating
at low level, the characterizing feature of each
over the high level operation system is that there
is a complete absence of any deflection bias on
the deflecting electrode system of each separate
Image producing tube.

10

Turning now to a consideration of the muiti- .
phase method of controlling the electron beam -

deflection as shown more particularly by curves
of Figs, 21¢ and 21d, reference may be had also

15

to Fig. 22 which depicts a slightly modifled form -

of receiver from that shown by Fig. 20. In this

- connection, for purposes of illustration, it will

be assumed that the electronic image reproducing
system for producing a composite image from a
series of partial-images comprises an array of
nine separate image reconstructing tubes. So
considered, the signals received from the trans-

mitting point, such as' those transmitted, for.

example, from the antenna system 87 of Fig. 5
and which comprise both the video and the
synchronizing components and where desired the
accompanying sound or audio signals, are re-
ceived upon the antenna system 400, or its
equivalent wire line, and are brought through a
conventional type of receiver 401 such, for ex-
ample, as that shown by patent to W. L. Carlson
1,975,056 also identified by Reissue Patent No.
20,700. The output signals from receiver 401
which represent the synchronizing signals (line
synchronizing, for example) are supplied to a
blocking oscillator 403 by way of the conductor
404. The blocking oscillator 403 herein shown
conventionally may be of the general types known
by such term and disclosed by British Patents

20 -

30

40

403,283; 402,629; and 401,990 for example, or the

oscillator may be one of the types herein above
mentioned throughout this deséription and com-
prise a “dynatron” or other similar type elec-
tronic device. The oscillator is for the purpose of
controlling the production of a non-reentrant or
saw-tooth formation electrical wave which is
utilized to produce line synchronizing signals and
voltages. .

The saw-tooth energy is' developed by the
charging and discharging of a condenser which

has acquired its charge in substantially a linear

fashion. The discharging of the stored charges

is made to take place at the frequency at which |

impulses are developed from the blocking oscil-
lator 403. )

This form of condenser charge and. discharge
arrangement is known in the art and described,
for example, in the British patents last men-

tioned and, therefore, is shown conventionally at -

412, The combination of the blocking oscillator
403 and the condenser charge and discharge sys-

. tem 412 is similar to the arrangement conven-

tionally designated by the deflection voltage
sources 106 and/or 107 of Fig. 20, and the saw-
tooth wave generator 106 of Fig. 25.

The saw-tooth wave formation.energy de-
veloped in the element 412-is then supplied to
the phase shifting system 428 (shown in more
detail by Fig. 23). This saw-tooth wave forma-
tion energy supplied to the phase shifting system
428 is a saw-tooth wave of a characteristic shape
like that shown by the wave 190, 81, 192, 198,
194 (Fig. 13) for example. This wave formation
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has been conventionally redrawn as the wave

441, 443, 445, 448, etc., in Plig. 24.
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As was above described, by appropriately ar-
ranging inductive and capacitive elements it is
possible t¢ produce from the developed energy a
rotary elecirical field and by split phase meth-
ods two 90° phase displaced forms of this energy
may be produced. The apparatus disclosed by
Fig. 23 shows one suitable form of system for
this purpose. -

Turning now to a-consideration of the man-
ner in which the separate phase versions of the
saw-tooth wave formation deflection voltages are
developed, there is connected to the output of
element 412, as shown by Fig. 22, for example, &
phase shifting device 428, for the purpose of
producing separate phase shifted versions of the
deflection voltage. Turning now to Fig. 23 prior
to considering the remaining portion of the hori-
zontal -line synchronizing channel, the output
from the oscillator 403 as controlling the ele-
ment 412 is fed through two parallel connec-
tions by way of conductor pairs 414 and 416 to
two inductive elements 418 and 420 arranged

. with their axes perpendicular to each. other but

located in the same plane. In order to provide

for the phase shift of approximately 90° between

the voltages energizing each of the inductive
elements #(8 and 420, there is provided in series
with one of the coils 420 a capacitive element
422. Numerous other methods of securing 90°
displaced components are known in the art.
From a general understanding of electrical en-
gineering principles, it will be understood that
a rotary fleld may be produced from a single
phase power supply, such as that feeding the

"~ two colls 418 and 420, by splitting the single

40
. produced in each coil are of equal amplitude and
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-phase into -two components 90° to each other

through the use of an appropriate inductive and
capacitive reactances. In such event, the fields

90° apart in space and also in phase. Since,

now, it is desired to produce from the single .
phase deflection voltage wave three separate.

phase displaced signals or controlling voltages

of like wave formation, three separate energy

pick-up coils 424, 426 and 425 are axially posi-
tioned in the field of the coils 418 and 420 that

‘is, in inductive relation to the field. The axes

of the separate coils 424, 426, and 425 are sep-

arated spatially by an angular separation repre-.

sented by 360°/n, where n is the desired num-
ber of phases to be selected. In such event, of
course, it will be appreciated that n will be equal

- to three for the nine partial-image system.’

If now it is assumed, for example, that the
deflection voltage output.from the element 412
is of appropriate wave form in 418 and 420 to
produce inductively in 424, for example, a saw-
tooth wave corresponding to the wave 441, 842,
443, 444 and 445 (Fig. 24) then. for example,
the same voltage wave may appear in the coil
424 undisplaced in phase but two identical for-
mation deflection voltage waves phase displaced
with respect to the wave in the coil 424 by 120
electrical degrees, will appear in the coils- 425
and 426 respectively. These waves are conven-
tionally represented in Fig. 24 by the waves 441’,
442’, 443’, AAN’, 445’ and 441'’, 442’7, 4A3",
444’’, 485"’ as indicated by Fig. 24. The voltage
wave which is undisplaced in phase is indicated
by the solid line, while when the voltage wave is
displaced 120° (electrically) it is indicated by
the dash line, while the voltage wave which is
displaced 240° (electrically) with respect to the

2,910,140 _

undisplaced voltage wave is indicated by the
dotted line. The portion of each of these waves
which is a greater amplitude than that repre-
sented by the ordinate values O—A is shown
in heavier outline than the remaining portion
of the wave and it is this part of the wave picked
up in each of the colls 424, 428 and 426 which
will be applied to the deflecting electrode system
of the several partial-image reproducing tubes.

The three separate phase displaced versions of
the saw-tooth deflection wave which are fed to
the amplifiers 430, 432 and 434 respectively, are
then supplied to the deflecting electrode plates
458, 458 and 460 of the tubes 462, 464 and 468
respectively by way of conductors 450, 452 and

454 respectively. Since only that portion of the .

saw-tooth deflecting voltage wave 441, 443 and
445, or its phase displaced counterparts, which
is of an amplitude greater than that represented
by the ordinate value O—A is to control the
deflection in each of the separate tubes 462, 464
and 466, the biasing sources 436, 438 and 440
(each of different magnitude as above explained)
are connected serially between the amplifiers
and the deflecting electrodes of the several tubes
in such manner as to oppose the deflecting wave
and accordingly each biasing source is of a value
equal to that voltage value represented by the
ordinate O—A. Actually, source 438 is prefer-
ably of zero value as apparent from the above
considerations and also Fig. 25.

Thus, there takes place in each tube 462, 464,
466 and the like of the system a sequential de-
flection of the electron beam so that if the tube
462 is assumed to be coordinated with the par-
tial-image area {—I, and the tube 464 coordi-
nated with the partial-image area 1—2 (for
horizontal deflection) or 2—I( (for vertical de-
flection) and the tube 466 is coordinated with
the partial-image area 1—3 (for horizontal de-
flection) or 3—I (for vertical deflection) then
it will be appreciated that the deflection of the
electron beam developed within the tube 462
will take place at a relatively slow rate during
the portion of the deflection voltage wave rep-
resented between the points 442 and 443 (Fig.

24) and that during this time period no deflec-, -

tion will be produced within the tubes 464 and
466. Similarly, after the electron beam developed
within the tube 462 has been deflected and the
next phase of the deflecting voltage represented
by the voltage change between the points 442’

‘and 443’ becomes effective on the tube 464, the

beam developed within that tube will be de«
flected while no deflection will take place in
tubes 462 and 466. The same holds for the phase
displaced version represented between the points
442’’ and 443",

As was explained in connection with Figs. 21a

-and 21b for monophase systems any system of

multiphase control of the electron beam deflec-

tlon may also resolve itself into one operating at .

a high level or one operating at low level. The
illustration immediately above represents the
high level operation, as disclosed by Fig. 21c,
and as more particularly explained by Fig. 24.
‘Where low level operation, however, is desired,
in multi-phase systems, the three separate phase
displaced versions of the deflection voltage wave
may be supplied through the threshold or bias-
ing elements shown hy Fig. 25 and thence ap-
plied through suitable limiters as is also shown
by Fig. 20 whereupon the operation of the sys-
tem will coincide substantially with that ex-
plained for low level operation by Fig. 21b. The
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low level operational arrangement is shown in
more particular detail by curves in Fig. 21d.

Therefore, any further explanation is believed

to be unnecessary in view of the detailed ex-
planation made as to the differences and dis-
tinctions between low and high level operation
for the monophase systems of Figs. 21a and 21b,
since it is clearly apparent that the same prin-
ciples of operation may be carried over into the
multi-phase control system described by Figs.
21c and 21d and also in connection with the de-
scription of Figs. 22, 23 and 24.

Having produced the three separate phase dis-
place versions of the controlling signal or deflec-
tion wave, there is connected to the output of
the coil 424, for example, the input circuit of a
separate amplifier 430 although where the por-

Yion 442, 443, 444 of the wave is of sufficient am--
plitude to produce the requisite degree of beam

deflection the amplifier may be omitted. Simi-
larly, the coil 425 is connected to the input circuit
of an amplifier 432 and to the coil 428 the input
of an amplifier 434 is connected. The voltages
fed to each of the amplifiers 430, 432 and 434 are
similar to the original voltage except as to the
matter of phase where there is a 120° phase sep-
aration for the three- phase system (a system
using nine separate partial-image tubes). - How-
ever, for a sixteen tube array four separate 90°
phase displaced waves may be produced, and for
a twenty-flve tube array five separate 72° phase
displaced waves may be produced.

Similanly, the receiver 401 energizes the verti-

cal deflection voltage circuit 405 by way of the
conductor 406. The vertical deflection system is
of a general character similar to the horizontal
system 403 and 412 in that it produces the verti-
cal synchronizing or frame deflecting waves of
the same general wave formation but at a differ-
ent frequency. The video signals representing
the image to be reproduced on the observation
screen of the several image reproducing tubes are
directed o the video signal amplifier 407 by way
of the conductor 408. This is also described in
the above mentioned Carlson patent. The video
frequency amplifier is preferably of the super-
heterodyne type and has its output connected

with the control electrode of each of the separate:

image reproducing tubes which depict the sev-
eral partial-image areas. Background control
signals may be developed directly in the video
frequency amplifier 407 as has been disclosed by
British Patent No. 434,496 or French Patent No.
781,668 as well as by R. S. Holmes copending
U. S. applications Serial Nos. 658,894 and 700,478,
for example, or these may be supplied through a
separate amplifier of the same general type and
description.

The audio signals which are to produce :the;

sound to accompany the visual action are pref-
erably directed through a separate audio ampli-
fler 409 by way of the conductor 418. The audio
frequency amplifier 409 may follow the same gen-
eral form as was described in the above men-
tioned Carlson patent. For the purpose of illus-
tration, the connections from the output of the
electrical synchronizing signal generator are not
shown since they are similar in nature to those
shown for the horizontal synchronizing signals
and likewise, the output connections from the
video frequency amplifier 407 are not shown al-
though it will be understood: that there is a con-
nection herefrom as above pointed out to each of
the separate image producing tubes; and the out-
put of the audio frequency amplifier 409 while

- erators.
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not shown will be understood to be’ connected

with a suitable type of sound reproducinx device,
" such as T12 of ¥ig. 20.

It is desirable that the complete system be so

-arranged that it will so operate that the beam

deflecting voltages or currents supplied upon the
various. tubes shall be substantially free from
fluctuation arising because of voltage fiuctua-
tions in the power supply energy feeding the cor-
responding electron beam deflection wave gen-
If this condition is fulfiled, there will
.be no effective alterations in the deflection volt-
age (assumed, for illustration, electrostatic beam
deflection) applied between the deflecting elec-
trodes of the several tubes with changes in the
power supply, and any increases or decreases of
the power supply energy will be entirely com-
pensated. It can easily be appreciated that if
substantial fluctuations in the power supply en-
ergy take place under normal operational condi-
tions of the system already described accurate
Juxtapositioning of the several component or
partial-image areas either at the transmitter or
at the receiver may be difficult or at times sub-
stantially impossible, but by compensating for
such changes, it can be appreciated equally well
that the several component or partial-image
areas can be made to be entirely unaffected by
any variations in power supply voltages so that
proper juxtapositioning of the several component
or partial-image areas is always maintained, -
The deflection voltages of currents supplied to
the deflecting electrode systems for deflecting the
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cathode ray beam developed within any of the .

image screens or image reproducing tubes are
naturally dependent at least to some extent upon
the power supply voltage. Either manually op-
erable or automatically operable means for ob-
taining an adjustment of all deflection voltages
or currents in both horizontal and vertical direc-
tions in the array with power supply fluctuations
may be provided in order to compensate for such
fluctuations.

Manual adjustments of this nature will coun-
teract the formation of gaps between the compo-
nent or partial-image areas when the deflection
voltage drops or will compensate the existence

of overlapping between the component or partial-

Image areas when the deflection rises. If refer-
ence is made, for example, to Fig. 1 showing the
several partial-image areas I, 2, 3 and 4, it will
be appreciated, that if the deflection voltage de-
creases the size of each of the partial or com-
ponent:-areas |, 2, 3 and 4 will shrink uniformly
so that the areas § and 2 and 3 and 4 will no
longer be contiguous along the line 6, {1 nor will
the areas | and 3 and 3 and 4 remain con-

s
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tiguous along the line 8, (0 since the voltage .

.change in the power supply will tend to shrink

the size of each partial-image areas. With suit-
able compensation for changes in the deflection
voltage arising, for example, due ‘to power supply
fluctuations, the several partial or component
image areas I, 2, 3 and 4 (as shown by Fig. 33)
may be caused, with decreases in the power sup-
ply energy, to shrink so as to assume the dotted

line outline shown by Fig. 33 rather than to

shrink along all border lines. With compensa-
tion for partial-image locational changes power
supply energy decreases will cause the partial-
image area f to assume g shrunken size and be
limited by boundaries 8, 6°, 7, 8. Similarly, the
componen{ or partial-image area 2 will be re-
stricted to a size designated by the area §’, 9, 10°,

1. It will, however, be noted that the adJa.cent 'u
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borders of the partial-image areas { and 2 are
still coincident along the inner border line 6, 1.
A suitable system by which compensation of
the above form is provided is disclosed by Fig.
32.
tube array but by slight changes may be made
to operate for additional tubes. For compensa-
tion a biasing source 154 having a value equal
to one-hsalf the deflecting voltage applied to the
deflecting electrodes is connected with one of
the tubes of each row or column but, in contrast
to the systems previously described, it.will be
noted that with compensation provided the de-
flecting voltages for a four tube. array is intro-
duced between terminal point 780 and ground
156, and also terminal 782 and ground 156. With
this form of arrangement and the application
of the deflection voltage between ground and the
deflector plates, as shown, any changes in the
amplitude of the deflecting voltage will tend to
cause the partial-image areas to shrink to the
dotted line border areas indicated by Fig. 33, it be-
ing understood, however, that vertical deflection
voltages are applied in a manner similar to those
shown for horizontal deflection. In the case of
Fig. 32, for simplicity, the value of the deflecting
voltage required to move the developed electron
beam within any tube from one extreme edge
portion of the screen to the opposite extreme
edge portion has been represented as being equal
to d.v. and consequently the value for the biasing
source 154, applied to oppose the deflection volt-
age, also will be substantially equal to the ampli-

. tude of d.v.

10

60

However, since the Iour tube array was as-
sumed for Fig. 32, and since each tube of the
array functions sequentially to reconstruct or to
scan partial-image areas of Fig, 33, the actual
amplitude of deflection voltage applied across
each tube is the total deflection voltage required
to move the scanning beam from the edge §, 8,
for example, of partial-image area | to the edge
9, 10 of partial-image area 2 and thus is equal
to twice the deflection voltage to move a scan-

5 ning spot from the edge 5, 8 of partial-image

area | to the edge 6, 1, for example. Conse-

quently, between each of terminals 7160 and 152
and ground there is applied & deflection voltage
equal to 2 d.v.

In connection with the foregoing. description,
it should be borne in mind that the purpose of
the arrangement above described is to maintain
adjacent the edges of the several partial or com-
ponent areas and always abutting throughout the

5 maximum distance possible under conditions of

voltage supply variations, therefore, the fixed
edges of each partial-image area cannot shift
in location but the outer edges of each partial-
image area are flexible and can move in and
out with voltage variations, always forming, how-
ever, a partial-image area of similar configura-
tion to the first assumed partial-image areas of
Fig. 1 and having substantially the same aspect

ratio. Therefore, the outer boundaries indicated.

in the combined partial-image areas 1, 2, 3 and

4 in Fig. 33 as being the boundary limits, §, 9;

8, 13; 13, 12; and 12, § may be assumed either
as the maximum size boundary or the minimum

_ boundary or any intermediate value.

70
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As Fig. 33 has been drawn, for example, it may
be regarded that the heavy outline border areas
represent a maximum condition for voltage sup-
ply, in which event, with a decrease in voltage,
the outer boundaries of the partial-image areas
will shrink to the dotted line configuration. The

This system is particularly adapted to a four.

2,919,140 -

partial-image areas nevertheless will remain in
juxtaposition and the only variation which can
or will take place will be that within the border
area represented 6, 6'; 8, 8’, etc., a dark area
will appear. Such a da.rkened portion can be
regarded as a masking area, if desired. !

If the heavy outline border areas §, 9; 8, I3,
etc., are assumed as minimum values of any de-
ﬂection ‘voltage supplied, it will be appreciated
that increases in deflection voltages may tend
to mask the outer borders of each partial-image
area but even in this instance no detrimental
effects will result because the center of. interest
portion of the produced or scanned image or
picture is included within the scanned partial
area and such partial-image areas remain in jux-
taposition Only those portions of the image

which.are of relatively minor interest or detail-

are lost at the edges.
The arrangement of Fig. 32, furthermore, is of

particular advantage from another standpoint

and that is in some instances where a receiver,
for example, is installed in a location where the

larger size of a component image area, for in-

stance, that designated by the boundary limits
5, 9, 13, 12 of Fig. 33, makes too large an image
to be viewed conveniently, the component area

_size may be reduced. This is made possible by

decreasing the amplitude of the saw-tooth wave
produced and applied between the terminal 750
and .ground 756 and also between the terminal
152 and ground 156 to decrease the size of the
composite image to a size such as that shown
by the rectangle 5’, 9’, 13’ and 12’ of Fig. 33.
The amplitude of the deflecting wave can be
varied, for instance decreased, by the use of a
suitable damping resistance in well known man-
ner. Even though the size of the partial areas
is reduced it will be noted, that the several par-

tial-image areas are still juxtaposed and the

abutting portions remain contiguous.

An sutomatic form of arrangement to control
and maintain the size of the several partial-image
areas substantially constant irrespective of

‘changes in the power supply source energy am-

plitude, or at any other place in the system, is
usually to be desired over the form of arrange-
ment shown more specifically k- Fig. 32. Any
automatic control to be completely satisfactory
should function so that if the deflection voltages
naturally produced tend to fall below a certain
predetermined level (hereinabove assumed to be
the normal deflection voltage d.v.), the auto-
matic control will function to raise the deflection
voltage to the desired value or if the deflection
voltages tend to exceed the desired value d.v. the
automatic deflection control will function to pre-
vent such an increase. Such an arrangement
broadly may be characterized as an automatic
volume control system to control the deflection
voltages applied to all image scanning tubes or
image reproducing tubes of the system. The au-
tomatic deflection control 1is  preferably set
initially for a given value of deflection voltage
equal to the assumed value d.v. for each tube.
Automatic volume control circuits per se are
well known in the art and, for example, a suit-
able type of automatic volume control which is
suitable for use in a system of the nature herein
disclosed may be patterned according to the
teachings in Travis Patent No. 2,034,497 of March

17, 1936. It is an arrangement of this general .

nature which has been disclosed by Fig. 31, this
being somewhat closely related to the general
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form of control disclosed, for example, by Fig.
5 of the aforesaid Travis patent, although herein
the application concerns video signal.

° Considering now the system for supplying de-
flection voltages disclosed by Fig. 31, the alter-
nating current supply voltage which is to pro-
vide operating potentials for the deflection wave
generators and, in fact, all portions of the sys-
tem (although where desired separate power sup-
ply may be used for different sections of the
complete system) are connected at each terminal
points 735 to the power supply source rectifier 736
which is of any well known and suitable type. The
output taken from the terminal 137 of the power
supply source and rectifier 7136 connect with the
input terminal 738 of the deflection wave gen-
erator 139. This generator includes the arrange-

ment for charging and discharging the condenser,

as well as the blocking oscillator, and also where
desired the arrangements for. controlling the de-
flection of any one tube at high or low levels or
either for muiti-phase or monophase as described
by the curves of Fig. 21 and figures related there-

to. Suitable synchronizing signals are also sup--
plied to the deflection wave generator, as was-

above explained.

The output energy from the deflection wave
generator terminal 740 is supplied to the input
terminal T4( of an amplifier 742 for amplifying
the beam deflection voltage to the desired value
and from output terminals 743 of this amplifier
the developed deflection voltage wave is supplied
to the deflecting electrode members (67 con-
tained within the neck of the tube 161 (such as
the tube shown in Fig. 11). As was explained in
the Travis patent, above referred to, a part of the
energy from the amplifier T42 is fed back through
the conductor 744 to a suitable point on a poten-
tiometer 745 connected across the terminal 146
of a rectifier 147. The output energy from the
rectifler 747 connects to the power supply source
136 by way of a conductor 748 in order to provide
regulation in accordance with the current flow-
ing between rectifier 747 and the power supply
source 136. By suitably adjusting the position at
which the conductor T44 makes contact with the
potentiometer 7145, the normal operating condi-
tion may be established. If now the energy level
output from the power supply source 736 changes,
it will cause a change in the amplification level
and consequently by way of the feed back con-
nection from the amplifier 742 to the rectifier
T41 which serves to bias the power supply source
136 regulation may be establisheéd so that the re-
sulting amplitude of the output energy appearing
at terminals 743 of the amplifier 742 is main-
tained constant.

While one preferred connection for providing °

the automatic volume control effect or, in other
words, the constancy of amplitude of the de-
veloped saw-tooth formation electrical energy is
shown, it is, of course, obvious that other alterna-
tive connections may be established. ¥or in-
stance, one alternative may be to connect the po-
tentiometer 745 by way of conductor 744 directly
to the input of the power supply source 136 in-

"stead of to the amplifier 742 while maintaining

the connection 748 as shown. Alternatively, also,
a further modification may comprise connecting
the conductor 148 to the output of the deflection
wave generator 139 instead of to the power supply

source 738, while maintaining the connection 744-

from the amplifier 742 to the potentiometer 745
as shown, and a still further modification may
comprise the connection of the conductor 144 to

2,310,149
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the input of the deflection wave generator 7138
instead to amplifier 142 while maintaining the
connection provided by the conductor 748 as
shown by Fig. 31. .In any event, the arrangement
provided is for the purpose of regulating in ac- 5
cordance with the change in output level of any
point in the system the amplitude of the actual
deflection voltage applied across the deflecting
electrode pairs of each separate tube.

An alternative method for applying deflection
bias to the deflecting electrode pairs from that
method shown by Figs. 6, 7 and 17, for example,
is shown more particularly by Figs. 34, 35 and 36.
In accordance with the showing in Fig. 34, for ex-
ample, the negative bias from source 110 is. ap-
plied in parallel to the deflection wave supplied
from the deflection wave generator 108 and, as
shown, both' the bias source and the saw-tooth
deflection wave generator are connected directly
the deflector plates 86, 97 of the tube 42. It will 20

10

- be seen that the bias is connected in reverse rela-

tive to the deflection wave., The foregoing sys-
tem is applicable either at the transmitter or at
the receiver and, accordingly, for simplicity of
understanding reference numerals like those ap- 25

“plied for the transmitter illustration have been

used where possible. :

PFig. 35 shows a system for applying bias which
is essentially like that of Fig. 34 except that a
blocking choke 160 is inserted in series with a 30
negative bias source (10 to prevent the passage
of the deflection wave current therethrough.
Also, in order to prevent the passage of direct
current originating from the negative bias source
through the deflection wave circuit a suitable
blocking capacity 762 is placed in series with the
deflection wave generator {10. In this connec-
tion it should be noted that the blocking capacity
may tend to change slightly the form of the de-
flection wave developed by the deflection wave 40
generator and, therefore, it is preferred to select
such parameters for the deflection wave genera-
tor 110 that the wave output after passing

‘through the blocking capacity element 762 shall

be a linear saw-tooth wave. Where desired, for 45
example, a large size electrolytic condenser may
be used as the blocking capacity which prevents
the negative bias from entering into the deflec~

' tion wave generator and in such event very little

change, if any, will result in the wave formation 50
developed by the deflection wave generator 110.
In place of the blocking capacity above suggested
to prevent the negative bias voltage from entering
the circuit of the deflection wave generator, it is
possible to insert a bandpass filter which will per- 55
mit the passage of the deflection wave substan-
tially unaltered and yet prevent any flow of direct
current. Such forms of bandpass filters are gen-
erally known and, therefore, need not be ex-
plained in detail. 60
Where it is desired to provide a multiplicity of
image scanning or image reproducing tubes in the
system and to provide a parallel connection of the
deflection wave voltages and biases in accordance
with the forms disclosed by Figs. 3¢ and 35, cer- 66
tain modifications of the arrangement are neces-
sary because of the inclusion of the multiplicity of
tubes. If it be assumed that a nine tube array
is to be utilized and each of the separate tubes is
to be coordinated with the partial-image area 70
indicated by the numbers showing row and col-
umn immediately beneath each tube. The gen-
erator delivering saw-tooth wave energy on the
deflection plates as with this type system dis-
closed by Fig. 36, was explained in connection with 76
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a symmetrical saw-tooth wave of energy as the
amplitude is linearly increasing and decreasing
after passage through the blocking condenser 762,

. as was explained in Fig. 35. With the muiti-tube
system of Fig. 36, the biasing potentials applied

to the several tubes of the complete array are

provided from a source 764 which is shunted by a .

resistor element 168 which may be tapped at
‘suitable points 767 and 768 to obtain the neces-
sary biasing voltage. This biasing voltage is
equal (assuming, for instance, the horizontal de-
flection of the beam is to be considered) for the
first column of tubes to a bias of zero value, for
the second column of tubes to a value equal to the

" deflection voltage required to move the electron

beam from one edge to the opposite edge of one
tube (d. v.) and for the third column the biasing
voltage required is equal to twice the voltage re-
quired to move the scanning beam from one edge
to the opposite edge of each, it, of course, being
appreciated that the total deflection voltage ap-
plied-between the first and the last tube of the
column will be equal to three times the deflection
voltage for one tube. :

With the multi-tube array of Fig. 36 all of the
lefthand deflection plates of the several tubes, as
shown, are connected together and the righthand
defiection plates of the tubes of each column are
likewise connected together. The righthand de-
flection plates for the tubes in the first column
have no bias voltage applied, while the tubes in
the second column have a biasing voltage equal
to d. v, applied by way of conductor 780 from the
point 181. The righthand deflection plate of the
tubes of the third column have a biasing voltage
equal to 2 d. v. applied by way of conductor 181
from the point 768. The condenser element 762
serves to block the direct current from the biasing
source from the saw-tooth wave generator. From
the upper terminal of this condenser (marked +)
there must he developed relative to the terminal
of the choke coil 760 connected to the oppasite
terminal of the saw-tooth wave generator 706 a
deflection voltage equal to 3 d. v. if satisfactory
beam deflection is to be obtained and the system
is assumed to operate at high level as indicated.
This value of the deflection voltage is indicated on
Fig. 36. :

Additional condensers 772 and 713 are required
with a multiple tube panel embodying as many as
nine tubes in order to give identity of the de-
flection wave form between the first and second

- columns on the one hand and the third column on
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the other hand because it can be seen that if the
generator 706 delivering the saw-tooth wave en-
ergy at the deflection plates 167 and {161’ after this
energy has passed through the blocking condenser
162 is to have such a characteristic that the change
in amplitude uniformly increases and decreases,
and these is a change taking place due to the fact
that the energy must be passed through a con-
‘denser, the additional condensers 712 and 118,
while not required to prevent short-circuiting be-

tween the terminal points on the resistor 766,
where the biasing voltages d. v. and 2 d. v. are de-

veloped, are desirable for unity of operation.
While the invention hereinabove described has
been explained in several of its preferred forms,
it, of course, will be appreciated that many and
various modifications may be resorted to without
departing from the-spirit and scope of the dis-
closure as hereinabove set forth. Further, it will
be appreciated, that while in many instances cer-
tain suitable values, various parameters and vari-

Fig. 35, must be of such a character as to deliver

v

ous suggested operational methods are set forth,

these also may be varied within wide limits. Ac-

cordingly, it is believed that all changes in param-
eters, forms of the invention, and operational
bractices may be made and utilized insofar as

these changes fall fairly within the spirit and

scope of the hereinafter appended claims.

Having now described the invention, what is
claimed and desired to be secured by Letters Pat-
ent is'the following:

1. A method of television which comprises the
steps of scanning a selected bi-dimensional im-
age-area, concurrently dividing the selected bi-
dimensional image area into a multiplicity of col-
umns and rows of boundarywise-individually-
spaced juxtaposable and interlockable internally
continuous bi-dimensional partial image areas,
and systematically selecting through this multi-
plicity of partial image areas for preserving the
capability of reconstituting the selected bi-dimen-
sional image. K

2. A method of television which comprises the
steps of scanning a selected bi-dimensional image
area along a series of substantially parallel scan-
ning paths, concurrently dividing the selected bi~
dimensional image area into a multiplicity of col-
umns and rows of boundarywise-individually-
spaced juxtaposable and interlockable internally

13

continuous bi-dimensional partial image areas,

and systematically selecting through this multi- |

plicity of partial image areas for preserving the
capability of reconstituting the selected bi-dimen-
sional image. . '

3. A method of television which comprises the
steps of dividing a bi-dimensional image area into
& plurality of columns and rows of boundarywise-
individually-spaced juxtaposable and interlock-
able internally continuous bi-dimensional partial

. image areas individually and in a predetermined

Sequence, scanning the several produced partial
image areas, and commutating through the plu-

' rality of partial image areas scanned for recon-

stituting a complete bi-dimensional image.

4. The method of television which comprises
the steps of independently producing s plurality
of electronic scanning beams, deflecting each elec~
tronic scanning beam according to a predeter-
mined deflection pattern for scanning a predeter-
mined image area along a series of substantially
parallel paths, each of sald predetermined areas
constituting a partial image area of A complete
image area with each of the plurality of ‘partle
image areas being boundarywise-spatially-sepa-
rated and ‘juxtaposable, applying at least one of
a bi-directional progression of electrical biases
upon each electronic scanning beam concurrently
with the deflection for commutating in sequence
throughleach of the series of scanned partial areas
and reconstituting a complete image area from

.the plurality of partial image areas.

5. In a television system wherein an electro-
optical bi-dimensional ima.ge is produced from a
multiplicity of boundarywise-individually-spaced

juxtaposable and interlockable internally con-

tinuous bi-dimepsional partial image areas spa-
tially separated and arranged in a plurality of
rows and coluymns, the method of scanning which
comprises the steps of sequentially scanning the
multiplicity ‘of the partial images in rows, and
progressively scanning the multiplicity of partial
images in & column, and producing from the scan-
ning a conversion hetween radiant and. electrical
energy in either direction.

6. In -a television system wherein an electro-
optical bi-dimensional image is produced from a

Yo
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ship.
: 10 A television scanning system comprising a.

2,310,149
multiplicity of bouxidarywise individually-spaced -

juxtaposable and interlockable internally con-

tially separated and arranged in a plurality of
rows and columns, the method of scanning which
comprises the steps of sequentially scanning the
bi-directional partial image areas in one direc-
tion by rows and- progressively scanning the bi-
directional partial image areas in a second direc-

tion in a column which is the summation in the’

second selected direction of the plurality of rows.

7. In a television system wherein a bi-dimen-
sional electro-optical image is produced from a
plurality of boundarywise-individually-spaced
juxtaposable and interlockable internally con-
tinuous bi-dimensional partial image areas nor-
mally arranged to form a plurality of rows and
columns, the method of scanning which com-
prises reproducing an electro-optical image of

each partial image area in each row in a sequen--

tial manner, simultaneously progressively ad-
vancing the image projection. of the partial im-
age areas in a columnar direction, and combining
the several produced electro-optical bi-dimen-
sional partial image areas of the rows and col-
umns into & unitary bi-dimensional image area
formed from the juxtapositioning of the indi-
vidually produced partial image areas.

8. The method of television which comprises
the steps of dividing a selected bi-dimensional
image area into a plurality of boundarywise-in-
dividually-spaced juxtaposable and interlockable
internally continuous bi-dimensional partial im-
age areas arranged in series of rows and columns,
sequentially scanning the several partial image
areas of each row progressively, scanning the sev-
eral partial image areas of each column, inter-

lacing each complete serles of sequential scan-

nings with each preceding and succeeding com-
plete series of sequential scannings, and pro-
ducing during substantially the entire period of
each scanning image signals for transmission to
be effective at receiving points for reconstituting
the complete original bi-dimensional image.

9. A television system wherein an electro-opti-
cal image is reproduced from a series /of juxta-
posed partial-image areas to form a combined
image unit comprising a plurality of spacially
separated cathode ray tubes arranged in a series
of rows and columns, means to develop within
each tube an electron scanning beam, a target
area for each tube positioned in the path of the
developed scanning beam, means for deflecting
each developed scanning beam to cause it to
traverse its associated target and thereby to pro-
duce luminous energy, means for developing a

single controlling electrical energy wave to de-.

flect each of the several scanning beams so as to
scan the plurality of screen areas of each row of
tubes In a sequential manner simultaneously
progressing in & columnar manner and means
to reconstitute the several separate luminous ef-
fects into a unitary luminous image area formed
from the partial images in juxtaposed relatmn-

plurality of electronic scanning tubes arranged in
a series of rows and columns means to produce
from an optical image an aerial image thereof,
means to segregate and divide the produced
aerial image into a plurality of partial images,
means to segregate the produced partial image
areas of the complete optical image upon indi-
vidual and separate tubes, and means for pro-
ducing controlling energy to cause each tube to
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become sequentially operative to produce signal
energy output representative of a portion of a
complete optical image.

11. In a television system, a plurality of cath-
ode ray tubes arranged in a series of rows and
columns, means for developing within each tube
an electron beam for projection axially of the
tube, a target area positioned within each tube
in the path of the projected electron beam, a
source - of energy for deflecting each electron
beam; means for deflecting under the control of
the deflection energy the developed electron
beams according to similar patterns of deflection
to trace the associated target, and means for con-
trolling in a sequential manner the tube instan-
taneously subjected to the beam deflection ener-

gy.

12, The system claimed in the preceding claim
comprising, in addition, means to develop image
signals from each electron beam by the scannings
and means to plece together the several image

_signals developed to form from the composite

scannings & single train of signal energy repre-
sentative of & complete optical area.

13. A television system comprising a plurality
of cathode ray image translating tubes which
each have a target area, means for producing
upon the target area of each of the tubes an in-
ternally continuous bi-dimensional partial image
area of a complete bi-dimensional image, an im-
age utilization screen, and means for juxtaposing
the several produced partial images upon the im-
age utilization screen to form a single and uni-
tary composite bi-dimensional image of all of
the several bi-dimerisional partial image areas.

.14, A television system for transmitting a plu-
rality of component image areas collectively rep-
resentative of a subject of which the image is to
be produced at reception points comprising a plu~

rality of independent boundarywise-spatially-.

separated image transmitting tubes each having
a target area, means for forming an aerial image
of a selected bi-dimensional image area, means
for allocating and directing different bi-dimen-
sional internally continuous'sections of the pro-
duced aerial image to the target electrode of each
of the distinet and separate image transmitting
tubes, means to produce upon the target area
within each of the separate image transmitting
tubes an electrical representation of the light
values represented by the internally continuous
hi-dimensional section of the complete aerial im-
age directed upon the tube, means for scanning
in a sequential manner the electrical representa-
tion of the light values of the aerial image sec-
tion directed upon each of the separate image
transmitting tubes, and means for producing
from the sequence of scannings a train of electri-
cal image signals representing the complete sub-
ject from which the aerial image was developed.

15. A television system comprising a piurality
of electronic image transmitting tubes each hav-
ing a light-responsive target area adapted to de-
velop an electrical representation of the light of
an optical image cast thereupon, means to allo-
cate equal sections of an optical image of a sub-
Jject which is to be reproduced at receiver points
upon the target areas of a plurality of boundary-
wise-spatially~-separated and independent image
transmitting tubes to produce an electrical rep+
resentation of the optical image, medns to scan
the electrical representation produced upon the
target area of each of the image transmitting
tubes according to & pre-established pattern of

scanning whereby instantaneously the 1mage on
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a single tube only is being scanned and the image
on all of the separate image transmitting tubes
is scanned at a rate at which persistence of vi-
sion substantially causes flicker disappearance,
and means to produce from the separate scan-
nings a single series of image signals representa-
tive of the composite image on all of the separate
image transmitting tubes. 5

16. In a television system, means for forming
an aerial image of an optical image, a plurality
of spacially separated electronic image scanning
tubes arranged in a series of rows and columns,
means for dividing the aerial image into a serles
of partial-images and means for projecting the
several spacially separated partial-images upon
individual image scanning tubes, means for scan-
ning the images upon each of the tubes sequen-
tially for each row of tubes and progressively for
each column of tubes, and means for producing
from the scannings of all of the tubes a series
of image signals representing the complete opti-
cal image.

17. A television transmission system compris-

ing a plurality of image scanning tubes arranged

in an orderly series of rows and columns, means
for producing an aerial image of a subject of
which the image is to be produced at a distant
point, means for dividing the aerial image into a
series of spacially separated partial-image areas,
means for projecting a single partial-image only
upon & single one of said image transmitting
tubes and simultaneously projecting the remain-
ing different partial-images upon individual oth-
er scanning tubes, means for scanning the images
projected upon all of the tubes comprising means
for sequentially scanning the partial images upon
all tubes of each row and then scanning the par-
tial images upon the tubes of each column in a
progressive direction, and means for producing
from the scannings a series of image signals for
transmission.

18. In a television system, a plurality of cath-
ode ray tubes equal to 2, where 7 is a whole num-
ber, means for producing within each tube a
cathode ray scanning beam, means for deflecting
the cathode ray beam developed within each sep-
arate tube according to 2 similar beam deflection
pattern, means for controlling the intensity of
each developed cathode ray beam in accordance
with received signal energy, and means to con-

- trol the sequence of beam deflection in each of
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the several tubes to segregate the control signals
to different cathode ray tubes in sequence to pro-
duce. upon each tube a partial-image record cov-
ering a plurality of two-dimensional contiguous
picture elements whose combined areas occupy
substantially a 1/nth portion of the complete im-
age area of any received complete train of signal
energy.

19. A television system for producing compos-
ite television images composed of a juxtaposed
series of partial-image areas comprising a plu-
rality of cathode ray tubes each adapted to pro-
duce over the luminescent screen thereof an opti-
cal record of the intensity of the cathode ray
beam developed within each tube, said tubes be-
ing arranged in a series of rows and columns of
at least two tubes each, means to deflect the
cathode ray beam developed within each of the
cathode ray tubes, means to control the sequence
of the beam deflection in two mutually perpen-
dicular directions in each of the cathode ray
tubes in accordance with a pair of beam deflec-
tion wave energies only, an observation screen
positioned to receive the luminescent image from
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all of said tubes, an optical system for focussing
and juxtapositioning at least two boundaries of
each of the produced luminescent images upon
the observation screen, and means for maintain-
ing juxtapositioning of each optical image upon
the screen irrespective of the amplitude of the
deflection of the cathode ray beam within each
of the seveéral tubes. .

20. In a television system wherein a composite
image is formed from a series of juxtaposed
initially marginally and spatially separated par-
tial-image areas each produced upon the viewing
screen of a cathode ray tube and wherein the
cathode ray tubes are arranged in series of rows
and columns, the method which comprises the
steps of scanning the tubes of each row in se-
quence and progressively scanning the tubes of
each column in a columnar direction, and pro-
Jecting the resultant partial-image areas upon
the viewing screen in juxtaposed manner for ob-
servation.

21. The method of television transmission by
a series of electronic scanning tubes arranged in
an orderly series of rows and columns which
comprises the steps of developing an aerial image
of a subject of which the image is to be Produced
at remote points, dividing the aerial image into
a series of partial-images, projecting the several
produced partial images upon independent and
individual scanning tubes each marginally and
spatially separated, scanning the separate par-
tial-images projected upon the tubes of each row
sequentially and in a progressive columnar direc—
tion and producing from the scanning of all par-

. tial-images a single series of image signals repre-

sentative of the complete aerial image for trans-
mission, )

22, A television system comprising a plurality
of cathode ray image producing tubes, means for
producing upon the observation screen of each
of the tubes a partial-image area o: a complete
image, an image observation screen, means for
juxtaposing the several produced partial-image
areas upon the observation screen to form a
single composite image of all of the several par-
tial-images produced, and means to alter the size
of each partial-image area without affecting the

juxtapositioning of the partial-images forming’
.the composite image upon the observation screen.

23. A television system comprising a plurality
of cathode ray image producing tubes positioned
in a bi-directional array, means for producing
upon the observation screen of each of the tubes
a partial-image ares of a complete image, an im-
age ohservation screen, means for projecting the
produced partial-image areas upon the image ob-
servation screen in juxtaposed relationship, and
means for maintaining the border portions of
each abuiting partial-image area contiguous
irrespective of the height and width dimensions
of each produced partial-image area.

24. A television system comprising a plurality
of cathode ray image producing tubes positioned
in a bi-directional array, means for producing
upon the observation screen of each of the tubes
a partisl-image area of a complete image, an im-
age observation screen, means for projecting the
produced partial-image areas upon the image
observation screen in juxtaposed relationship,
and means to maintain a single composite image
area formed from the series of contiguous partial
areas independently of the size variations of the
partial-image areas. i

25. A television system wherein a plurality of
spatially separated juxtaposable partial-image
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areas are combined to form a single composite
image area comprising means for producing im-
ages of each partial area of the complete image
as a series of sequentially produced rows of par-
tial-images progressively forming a column ‘of
partial-images and means for projecting the par-
tial-images upon a viewing plane, and means for
matching the border of each partial-image area
to form a complete image area from contiguously
positioned partial image areas. ’

26. A television system comprising” a plurality
of cathode ray tubes arranged in a serles of rows
and columns and each adapted to produce an
electro-optical image of a partial ares only. of a
complete image area, a source of voltage connect-

ed between the cathode and anode of each of the -

cathode ray tubes for causing the development
of a cathode ray beam within the tube, means for
controlling the intensity of the electro-optical
image developed by the cathode ray beam in ac-
cordance with control signal energy, means op-

erating under the control of developed deflection

energy for deflecting the cathode ray beam de-

veloped within each tube to cause the cathode:

ray beam to trace across the luminescent tube

screen an electro-optical representation of the .

signal energy, and a plurality of normally inop-
erative thermionic tubes serially connected with
the voltage source for normally preventing the
development of a cathode ray beam within each
cathode ray tube, and means for supplying a por-
tion of the cathode ray beam deflecting energy to
said thermionic tubes to render said tubes oper-
ative for a portion only of the time of beam de-
fiection.

27. In a television system, a plurality of cath—-
ode ray tubes arranged in a series of rows and
columns, means for developing within each tube
an electronic scanning beam, a target area posi-
tioned within each tube in the path of the elec-
tronic scanning beam to become activated upon
impact thereby, means associated with each tube
to deflect, when energized, the scanning beam
across the screen structure, means for producing
an electrical energy wave of non-reentrant form,
means for converting the produced non-reen-
trant wave into a series of separate electrical
waves each having variable and constant por-
tions which, when combined, form the original
non-reentrant wave, and means for supplying in-
dividual converted wave formations to individual
cathode ray tube deflecting- means whereby the
scanning beams of each tube are sequentially de~
flected and only the variable portions of each
converted electrical wave are effective to deflect
the developed electronic scanning beams so that

the scannings of the several tubes occur in se-'

quence for each row of tubes while simultaneously
progressing in columnar direction. :
28. The system claimed in claim 27 comprising,
in addition, means to bias the deflecting means of
each tube to a fraction
n—1"

s

n

of the complete amplitude of the non-re-entrant
deflecting wave, where n represents the number
of tubes in each row or column, whereby the
scanning of the screen structure by the cathode
ray beams of each of the several tubes occurs se-
quentially for the tubes of each row and simul-
taneously progresses for all tubes of the system
in a columnar fashion.

29. The system claimed in claim 27 comprising,
in addition, means to suppress those portions of

35

each of the produced phase displaced waves ha,v-, :

ing amplitude values less than

n—1
‘n

of the complete amplitude of the deflecting wave,
where 7 represents the number of tubes in each

column or row, and means for energizing the -

beam deflecting electrode system by the unsup-

pressed portions of the phase displaced electrical

saw-tooth formation electrical waves, .
30. The system claimed in claim 27 comprising,
in addition, means to suppress those portions of
each of the produced phase displaced electrical
waves of non-re-entrant formation having ani-
plitude values less than . :

n—1
n

of the complete amplitude of the saw-tooth de-
flecting wave, where n represents the number of

N

tubes in each row or column, and an aperiodic °

amplifier connected with the deflecting electrode
system of each tube and having its input circuit
connected to be energized by the unsuppressed
portion of each produced non-re-entrant phase
displaced electrical wave.

31. The system claimed in claim 27 comprising,
in addition, means’ to energize the deflecting
means of each tube from g :

Lin - ‘
n

portion of the developed deflecting wave energy,

where 7 represents the number of tubes in each-

Irow or column.

32. The system claimed in claim 27 comprising,
in addition, a biasing and a limiting means seri-
ally connected with each other and with the
electron beam deflecting means for each of the
individual tubes, means for supplying to each of

the biasing and limiting means the produced

non-re-entrant electrical wave energy, and means
for producing within the several blasing and lim-
iting means a plurality of electrical waves each of
like amplitude and each ‘including variable and
constant portions so -that, in time relationship,
the variable portions of each wave produced oc-
cur sequentially, whereby the deflecting means as-
sociated with each of the tubes become sequen-
tially operative to deflect the electron beam de-
veloped therein.

33. In a television system wherein an electro-
optical image is produced from g series of juxta-
posd partial-image areas, a blurality of partial-
image producing cathode ray tibes each having

screen. structure upon which an electro-optical

image is to be developed, said tubes being ar-
ranged in two adjacent rows of two tubes each,
means for developing within each tube an elec-
tronic scanning beam, a pair of deflecting elec-
trodes associated with each tube for deflecting
the developed cathode ray beam when voltages
are applied thereto, means for developing saw-
tooth wave formation electrical energy having an
amplitude equal to at least twice that required
to move one cathode ray beam from one edge
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portion of the screen thereof to that edge portion °

diametrically opposite, means for applying to a
portion of the deflecting electrode members bias-
ing voltages to oppose the deflection voltages de-
veloped, and means for applying the developed
saw-tooth wave formation electrical energy be-
tween the deflecting electrode members of each of
the tubes, whereby fluctuations in amplitude of
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the voltage are ineffective to alter juxtaposition-
ing of the several partial-image areas.

34. A television system comprising a plurality
of electronic scanning tubes arranged in a series
of rows and columns, means for developing
within each tube an electronic scanning beam, &
target element positioned within each tube and
adapted to be activated by the action of the
scanning beam developed within each tube, de-
flecting electrode means associated with each
tube and adapted, when energized, to defiect the
developed scanning beams in two mutually per-
pendicular directions, means for developing two
saw-tooth wave formations of different frequency
for deflecting the electronic beams in the said two
perpendicular directions, means for converting
each of the developed saw-tooth waves into a plu-
rality of similar wave formation electrical waves
each phase displaced from the orlginal wave and
from each other by 260° :

n

where 7 represents the number of tubes in each
row or column, and means for energizing the
deflecting electrodes of each fube by individual
saw-tooth electrical waves.

35. The system claimed in the preceding claim
comprising, in addition, means for biasing the
deflecting electrode systems of each of the tubes
in the direction to oppose the saw-tooth wave
formation electrical energy to like blas values,
whereby each saw-tooth phase displaced electri-
cal wave is effective to produce deflection of the
developed scanning beam for a portion only of its
complete cycle.

36. In & system for producing composite tele-
vision images from a series of boundary-wise-in-
dividually-spaced juxtaposable and interlockable
internally continuous partial-images, a viewing
screen, a plurality of cathode ray tubes arranged
in rows and columns and each having a target
area, means to create upon the target area of
each tube an electro-optical representation of &
partial area of a complete image area, and an op-
tical system associated with each of the cathode
ray tubes for focussing the produced partial area
electro-optical images upon the viewing screen in
juxtaposed manner with the bounda.ry portions
contiguous.

37. The system claimed in claim 36 where the
optical system comprises a plurality of bi-direc~
tionally movable lens elements.

38. The system claimed in claim 36 where the
optical system comprises a plurality of reflecting
surfaces.

39. In a television receiving system, a plurality
of cathode ray tubes arranged in a series of rows
and columns, means for developing within each
tube an electron beam, means for recelving image
signals and controlling the intensity of each de-
veloped electron beam in accordance therewith,

.8 luminescent viewing screen for each tube upon

which electro-optical images are developed by
impact of the intensity controlled electron beam,
means for deflecting the electron beam developed

within each tube in two mutually perpendicular

directions, said deflecting means comprising
means for developing an electric wave formation
of saw-tooth pattern and of amplitude equal to
that required to deflect the electron beam from
a minimum to a maximum position in one tube
multiplied by the number of tubes in each row or
column, and means for biasing the deflecting sys-
tems of each tube whereby the single developed
deflecting energy wave is adapted to deflect the
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cathode ray beam of each of the tubes in indi-
vidual rows or columns in sequence whereby
there is produced on each tube a partial-image
record only of the controlling signals.

40. In a television receiving system, a plurality
of cathode ray tubes arranged in a series of rows

and columns, means for developing within each -

- tube an electron beam, means for receiving image

signals and controlling the intensity of each de-
veloped electron beam in accordance therewith,
a luminescent viewing screen for each tube upon
which electro-optical images are produced by
impact thereon of the signal controlled electron
beam, means for deflecting the electron beam de~

veloped within each tube in two mutually per-

pendicular directions sald deflecting directions,
said deflecting means including means for gen-
erating electrical energy of saw-tooth wave for-
mation for deflecting the produced electron beam,
means for producing from the developed saw-
tooth wave formation electrical energy a plu-
rality of similar wave energies each phase dis-
p}aced from the other by an electrical separation
o

360°
n

where 7 is the number of tubes in each column or

10

15

row, and means for controlling the deflection of -

the electron beam developed in each tube by one
phase version only of the deflecting wave energy,
whereby the tubes become sequentially operative
to produce on the luminescent viewing screens
thereof partial-images only of the complete
image represented by the controlling signals.

41. The system claimed in the preceding claim
comprising, in addition, means. for limiting the
control period of each produced energy wave of

. saw-tooth form on the associated cathode ray

tube to & fraction of the order

-l—th

of the saw-tooth wa.ve amplitude.

42, In a television system comprising a plu-
rality of cathode ray tubes arranged in a series
of rows and columns and each adapted to produce
an electro-optical image of a partial area only
of a complete image area, means for developing
within each cathode ray tube an electron beam,
means for controllihg the intensity of the de-
veloped electron beam under the control of re-
ceived signal energy, means for deflecting the de-
veloped electron beam in each tube to cause the
developed beam of each tube effectively to trace
from one edge portion of one tube through to
the opposite edge portion of the tube most re-
moved in the same row or column, and thermionic
means for limiting the time periods of develop-

- ment of the cathode ray beam in each tube to a

minor fraction only of the total scanning time re-
quired for beam traversal of all tubes in the rows
and columns, .

43. The system claimed in the preceding claim
wherein the thermionic means comprise a plu-
rality of series connected thermionic tubes.’

44. In a television system, a plurality of elec-
tronic image producing tubes, means for develop-
ing in each tube an electronic scanning beam,
means for deflecting the scanning beam de-
veloped within each tube in accordance with a
pre-established scanning defiection electric wave
pattern, means to receive signals representative
of an image of which the electro-optical counter-
part is to be produced, means to energize each
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tube simultaneously by the received signals to
control thereby the effective intensity of the de-
veloped -scanning beam, and means to control
the deflection wave pattern effective upon each
separate tube to limit the time period of effec-
tiveness of the received signals upon each separate
tube and thereby to produce from the signals

received an electro-optical representation where- -
-in separate partial areas are

segregated to sep-
arate image reproducing tubes and the remain-

ing tubes are inoperative to produce image repre-

‘sentations of elemental partial areas confined to

another tube.

45, The system claimed in the preceding claim-

comprising, in addition, means to render the
tubes of the system other than actively useful in
instantaneously producing electro-optical effects
Inoperative to a number at least as great ag the
next whole number larger than the ratio of one
less than the square root of the complete number
of image producing tubes to the square root of
the complete number of image producing tubes.
. 46. A system of television comprising, 8 plu-
rality of image producing tubes arranged in a
plurality of rows and columns, means for develop-
ing within each separate tube an electronic scan-
ning beam for scanning an image area, means
for deflecting the developed electronic scanning
beams according to a pre-established deflection
pattern, means for energizing the beam deflect~
ing means from s single source of energy having
8 signal strength represented by the magnitude
of energy required for deflecting one of the scan-
ning beams multiplied by the number of adjacent
tubes, means for biasing the tubes by successively
Increasing amounts determined in accordance
with the position of the tubes within the plu-
rality of rows and columns. . -

47. In a television system, a viewing screen, -

means for forming a plurality of partial-image
areas upon the viewing screen, means for match-
ing together a portion of the total number of
partial-image areas to form a section of a com-~
plete composite image ares having  contiguous
boundaries, and means for moving the matching
means to match together additional partial-image
areas and match the boundaries thereof ag con-
tiguous areas, and means for matching together
the several sectional partial areas to form a com-
plete composite image area of juxtaposed partial-
image areas.

48. In a television system wherein a composite
Image area is formed from a series of Juxtaposed
partial-image areas formed in g plurality of rows
and columns, cathode ray tubes for individually
producing each of the partial-image aress, a
masking screen positioned adjacent the end view-
ing wall of each of the cathode ray tubes, said
masking areas having viewing apertures of g
pattern corresponding to the aspect ratio of the
composite picture to be produced from the par-
tial areas additively arranged In rows and col-
umns, a viewing screen, orthogonally tri-direc-
tionally movable optical means positioned adja-
cent each of the viewing apertures of the cathode
ray tubes for projecting the corresponding par-
tial-image projected from the related tube upon
the viewing screen.

49. In g television system, a plurality of image
producing cathode ray tubes positioned in a bi-
directional array formed from g series of rows

and columns, means for producing within each

of the cathode ray tubes a partial-imiage of a
complete composite image, and a viewing screen
bositioned to receive the plurality of partial.

‘lationship upon the

“ rows and columns and each

37

image areas produced, and means to position
the several partial-Image greas in juxtaposed re-
viewing screen.

50. In a television system, a plurality of cath-
ode ray tubes positioned in a bi-directional array
comprising. a series of rows and columns, means
to produce upon the viewing screen of each tube
8 partial-image area of g complete image area, a
viewing screen, optical means for projecting the
several produced partial-images in Jjuxtaposed
relationship upon the viewing screen, and optical
shielding means for optically shielding each of
the several partial-image producing tubes and
the produced partial-images from each other
and from stray light.

51. In a television
of related partial-image portions of a complete
composite image are scanned independently, a
plurality of cathode ray tubes each having
screen- structure adapted to be scanned by the
cathode ray beam developed within each tube,
electro-magnetic means for deflecting the
scahning beam developed within each tube ac-
cording to desired deflection patterns by the ap-
plication of deflecting currents to the electro-
magnetic means, means for applying biasing cur-
rents upon the electro-magnetic beam deflecting
means to control the time periods of deflection

‘of the cathode ray developed within each cath-

ode ray tube to time periods when the amplitude
of the deflecting currents eXceeds the magnitude
of the biasing currents, and means for preventing
interaction of the biasing and deflecting cur-
rents upon each other.

52. The system elaimed in the preceding
claim wherein the means for preventing inter-
action of the biasing and deflecting currents
upon each other comprises a capacity element
connected in series with the deflecting currents
and in parallel with the biasing currents for
shunting the biasing source with the deflecting
cuwrrents, and an inductive ‘element connected

- in series with the biasing currents and in paral-

lel with the deflecting current source for by-
passing the deflecting current source with the
biasing currents, ' i )

53. A television system comprising a plurality
of cathode ray tubes arranged in a series of

an electro-optical partial-image of a complete
electro-optical image, means for applying de-
flecting voltages to the several tubes of each
row or column of the array to deflect the elec-
tron beam developed with each tube of the ar-
ray, means for supplying biasing voltages upon
the tubes of the array in parallel with the de-
flecting voltages, inductive and capacitive means
for preventing inter-action of the biasing and
deflecting €nergy sources upon each other, and
additional capacitive means connected with at
least a portion of the partial-image . producing
tubes for compensating for distortion introduced
into the deflecting wave energy source by the
capacitive means for separating the biasing and
deflecting energy sources. '

54. In a television system ‘wherein a plurality
of cathode ray tubes are positioned in a bi-
directional array comprising a series of rows
and columns and wherein. a cathode ray scan-
ning beam is developed within each tube to
scan a partial-image area of a composite image
area and wherein each scanning beam is sub-

system wherein g plurality'

10

15

20

25

30

35

40

45

adapted to produce

50

55

60

a5

70

Ject to deflection across the sereen structure of

each tube by the application of an electrical
voltage wave having an amplitude value g to
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produce an electrostatic fleld to scan a partial-

" jmage area in one direction, the method of op-
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eration which comprises the steps of developing
an electrical voltage wave of scanning beam de-
flecting energy having an amplitude of n.a,
where n represents the number of -tubes in
either direction of the bi-directional tube array
and a represents the amplitude of the wave of
electrical energy required to move the scanning
beam across the screen structure of each tube
of the array to scan a partial-image in one di-
rection, applying biasing voltages “upon the
scanning beam deflecting system of each tube
of the array in each row or column thereof, and
increasing the biasing voltages upon each tube
of a row or column successively and by equal

amounts in arithmetrical progression between' .

two limiting values of zero and & value of
(n—1).a, where n represents the number of
tubes in each row or column of the array and a
represents the amplitude of the deflection volt-
age wave to move the scanning beam across the
screen structure of a single tube of the array.
55. The method claimed in the preceding
claim comprising, in addition, the step of limit-
ing the effect of the deflecting voltage upon each
tube of each row or column during increasing
amplitudes of the deflecting voltage to periods
of voltage increase having values equal only to
the value of the initial bias increased by & value
equal substantially to that voltage required to
move the scanning beam across the partial-
image area represented by a single tube only of
the array of rows and columns. .
56. In & television system wherein a plurality
of cathode ray tubes are positioned in a bi-
directional array comprising a serles of rows and
columns  and wherein a cathode ray scanning
beam is developed within each tube to scan &
partial-image of a complete composite image area
and wherein each scanning beam is subject to de-
flection across the screen structure of each tube
by the-application of an electrical voltage wave
having an amplitude value a to produce an elec-
trostatic field to scan a partial-image area in one
direction, the method of operation which com-
prises the steps of developing an electrical volt-
age wave of scanning beam deflecting energy
having an amplitude n. a, where n represents the
number of tubes in either direction of the bi-
directional array and a represents the amplitude
of the wave energy required to move the scan-
ning beam across the screen structure of each
tube of the array to scan a partial-image in one

direction, shifting the deflecting wave energy

wave form as to origin and limiting amplitude
to produce a series of deflecting energy waves
equal in number to n, where n represents the
number of tubes in each row or column and
wherein each developed wave has a minimum
amplitude of zero a/nd a maximum amplitude of
a, where a represents the amplitude of the de-
flecting wave required to deflect the scanning
beam across the screen structure of a single tube
of the array, and applying the n waves developed
to the tubes of each row or column in sequence
in accordance with the time period of change in
amplitude value of each of the n waves between
zero and a limiting value a. ‘

57. In a television system wherein a plurality
of cathode ray tubes are positioned in a bi-
directional array comprising a series of rows and
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columns and wherein a catbode ray scanning
beam is developed within each tube to scan a
partial-image of & complete composite image area
and wherein each scanning beam is subject to de-
flection across the screen structure of each tube
by the application of an electrical voltage wave
having an amplitube value a to produce an elec-
trostatic field to scan a partial-image area in one
direction, the method of operation which com-

prises the steps of developing an electrical voltage

wave of scanning beam deflecting wave energy

10

having an amplitude of 7. a, where n represents -

the number of tubes in either direction of the

‘bi-directional tube array and a represents the

amplitude of the wave of electrical energy re-
quired to move the scanning beam across the
screen ,structure of each tube of the array to
scan a partial-image in one direction, converting
the developed electrical wave into a plurality of
substantially | identical electrical waves each
phase displaced from the original wave and from
each other by 360°/n, where n represents the
number of tubes in either ‘direction of the bi-
directional array, applying one phase version of

- the electrical wave to the tubes of each row or

column sequentially, and applying to each of the
tubes of each row or column a biasing voltage of
a value (n—1). a, where n represents the number
of tubes in each row or column and a represents
the amplitude of the electrical wave energy re-
quired to move the scanning beam across the
screen structure of each tube of the array. '
58. In & television system wherein a plurality of
cathoderay tubes are positioned in a bi-directional
array comprising a series of rows and columns
and wherein & cathode ray scanning beam is de-
veloped within each tube to scan a partial-image
of a composite image area and wherein each
scanning beam is subject to deflection across the
screen structure of each tube by the application
of an electrical voltage wave having an amplitude
value a to produce an electrical fleld to scan the
partial-image ares represented by each tube in
one direction, the method of operation which
comprises the steps of developing a wave of elec-
trical energy of saw-tooth formation, producing
from.the developed electrical wave a plurality of
phase displaced electrical waves each separated
from the other by an electrical separation of
360°/n, where n represents the number of tubes
in each row or column, amplifying the produced
phase displaced electrical waves each to an ampli-
tude value of a, where a represents the amplitude
of the voltage required to produce complete de-
flection of the scanning beam in each tube of the
array, and applylng in sequence to the several
tubes of each row or column one of the produced
phase displaced versions of the produced electrical
wave to cause the scanning in one direction of

the partial-image area represented by each in-

dividual tube of the array.

59. The system claimed in claim 44 comprising
in addition means- to render the tubes of the
system other than that one which is to be useful
in instantaneously producing electro-optical ef-
fects inoperative to a fraction of the whole as
great as represented by the fraction

n—1

n
where n represents the complete number of image

producing tubes, -
ALFRED N. GOLDSMITH.
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