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20 Clalms.

This invention relates to an.improvement in .

television transmitters and, more particularly, to .

_ & system wherein it is possible to present television
images in slow:motion, -

The use of slow motion in television is highly
desirable but has heretofore been impossible, since
no practical arrangement has been devised where
it is possible to present television images in slow

‘motion, particularly where the subject matter is-

obtained from direct pick-up.

Slow motion in the moving picture fleld is rela-
tively simple, since it entails merely the operation’
of a camera al a relatively high rate of speed to
expcese successive frames of a film in rapid suc-
cession, the fllm after processing and printing
being run through & projector at normal projec-
tion rates with the result that the subject matter
photographed, together with the apparent motion,
is shown in “slow motion” so that the actual time
elapse has besn increased several fold.

Slow motion in television is, therefore, con-
venlently possible where a film intermediate may
be used, since the film technique of slow motion
may be employed. However, slow motion in tele-

" not equally simple and necessarily entails the use
of an appropriate assembly of apparatus. Natur-
ally, some relatively long-term picture storage
means must be provided, since the subject matter
per se cannot be slowed down; and where the sub-
ject matter being transmitted is derived from di-
rect pick-up, special means are provided whereby

. electrical replicas of a series of successive tele-
vision frames may be stored or retained for a pre-

" determined length of time in order that they may
be subsequently immediately, or shortly subse-
quently used to produce images on the screens
of the various television receiving apparatus.

" The present invention accomplishes slow mo-
tion without the use of an intermediate film, and
provides means whereby it becomes possible at
any particular desired instant to portray in slow
moticn a certain occurrence even though the sub-
ject matter ’s being immediately televized, and
the television images are derived from direct plck-
up.

Such a televlsion system is highly deslrable at
races or oth-r competitive or sporting events to
observe in detail an action which transpires in

- & relatively short length of time or for various
other purposes familiar to those skilled in the art.

1t is, therefore, one purpose of the present inven-
tion to provide a slow motion television transmit-
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of persons or objects is reduced in some predeter-
mined selectable ratio. .

Another purpose of the present invention re-
sides .in the provision of a slow maotion television
transmitting system for transmitting television
images :-for a predetermined -period of time, the
slow motion interval being preceded or followed
as may be desired by either normal motion or

" slow motion pictures.

A still further purpose of the present invention

resides in the provision of means for transmitting
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vision, from the standpoint of direct pick-up, is $8.

television images in slow motion wherein the
movement following the slow motion interval is
immediately portrayed in normal motion with an
omission of only part of the normal motion which
transpired during the time of presentation cf
the slow motion images.

Still another purpose of the present inventlon
resides in the provision of a slow motion television
transmitting system wherein movements of per-
sons or things may be portrayed in slow motion

during a predetermined interval with further

means whereby a succession of adjacent intervals
of substantially the same duration may be pre-
sented in slow motion form. .

Still another purpose of the present invention
resides in the provision of & plurality of television
image storing devices whereby electrical replicas
of the motion may be retained for a predetermined
length of time for subsequent use in presenting
slow motion television images.

A further purpose of the invention is to provxde
means for appropriately changing the intensity or
character of the illumination of the televized
scene during the slow motion pick-up period.

Still other purposes and advantages will become

more apparent to those skilled in the art from
the following detailed description, particularly
when considered- in connection with the draw-
ings wherein:

Figures 1a and 10 represent, by way of example,
one embodiment of the present invention.

In order that true slow motion television im-
ages may be presented it is naturally necessary

5 to scan the subject matter or an image of the

subject matter at an increased scanning rate to
thereby produce image or video signals repre-
sentative of a relatively large number of indi-

vidual and sequential images of the. particular .

subject matter. In normal television transmis-

.sion practice the subject matter to be trans-
mitted, or an image thereof, is scanned at a pre- ~
determined rate to thereby produce image sig-

nals which, after transmission to the receiver, are-

ting system whereby the actual rate of movement 55 utilized to produce tfelevision images. Accord-
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ingly, in the present slow motion television system
two separate television pick-up cameras are uti-
lized, one of which is operated at normal picture
transmission speed, and the other of which is
operated at a higher rate of speed, preferably at
some multiple of the operation of the normal
television pick-up or camera unit,

Referring now to the drawings, there is shown
a conventional television image pick-up or
camera tube 19 having a mosaic electrode 12, in-
. eluding a light sensitive surface and a signal
plate and wherein an electron .gun structure 14

is also provided to develop a scanning electron -

beam. Associated with the pick-up or camera
tube is a lens system 16 for projecting optical im-
ages of the subject matter to be televized upon the
mosaic electrode 12, The electron gun structure
14 when subjected to proper operating potentials
develops a cathode ray beam which when de-
flected in mutually perpendicular directions by
means of the deflecting coil 18 is caused to scan
the surface of the mosaic electrode 12 to produce
‘image or video signals which are applied to an
" image signal amplifier 20. For deflecting the
cathode ray beam in both horizontal and vertical
directions a vertical deflection generator 22 is
provided, as is also a horizontal deflection gen-
erator 24. The vertical deflection generator is
supplied with timing impulses in order that the
deflection frequency may be maintained constant
and, in order that the proper ratio of deflection
rates may be maintained, frequency dividers or
multipliers are generally interposed between the
vertical and horizontal deflection generators.

In order to facilitate in deseribing the.opera-
tion of the present invention it will be assumed,
by way of example, that the normal operating
frequency of the normal speed television pick-up
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coil 32 of tube 30 the cathode ray beam will be

 caused to scan the mosaic electrode at a line
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frequency of 63,000 lines per second and a field
frequency of 240 flelds per second. It is con-
venient to operate the timings of deflection gen-
erators 34 and 36 as multiples of those of the
respective generators 22 and 24 by the interposi-
tion of suitable frequency multipliers therebe-
tween.

Scanning of the mosaic electrode in tube 30
produces image or video signals which are am-
plified by the picture signal amplifier 38. Inas-
much as the scanning rate in tube 30 is assumed
to be four times the scanning rate in tube 10
then the generated image signals will have a top
frequency of the order of four times the top fre-
quency of the image signals generated by the
camera tube 10 The image signal amplifier 38
must, therefore, be of exceptionally wide band
width in order that an extreme range of image
signals may be amplified thereby with the proper
degree of fidelity. The image signals after ap-
propriate amplification are then impressed upon
conductor 42 by way of switch 40,

The switches 40 and 28 are mechanically con-
nected together so that when slow motion tele-
vision images are desired both of the switches are

. simultaneously operated to close switch 40 and

35

or camera tube {0 is at 60 fields per second and -

at 15,750 lines per second (that is at the rate of
30 double interlaced 525 line pictures per second).
Accordingly, the voltage variations supplied by
the vertical deflection generator 22 will vary in
wave form at the rate of 60 cycles per second,
- whereas the horizontal deflection generator 24
will produce voltage variations having a frequency
of 15150 eycles per second. Energy from both
of these deflection generators is then applied to
the deflecting coil {8 in order to deflect the cath-
ode ray begm in mutually perpendicular direc-
tions at the desired rates in order that the mosaic
electrode may be scanned to produce image sig-
nals. The image signals after amplification are
then available at the output terminal 26, provided
switch 28 is in the position as shown in the
drawings.

For the purpose of this description it will be
assumed that the retardation ratio is 4 to 1, and
on this assumption the television pick-up or
camera tube that is used for the production of
slow motion television images will operate at
exactly four times the speed of the normal tele-
vision pick-up or camers tube. A second tele-

- vision camera tube 30 is, therefore, provided
which is similar to tube 10. The tube also has
“associated therewith a deflecting coil 32, and the
deflecting coil is supplied with energy from an
-associated vertical deflection generator 34 and
horizontal deflection generator 38. The vertical
deflection generator is controlled to operate at
240 cycles per second (assuming a 4-to 1 retarda-
tion ratio), while the horizontal deflection gen-
erator is controlled to operate at 63,000 cycles
per second. When energy from these two de-
flection generators is supplied to the deflecting

40
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to thereby apply image signals to the slow motion
storage network and to also position switch 28
such that the image s1gna1§ derived from the slow
motion storage circuit may be made available at
the output terminal 26. The image signals avail-
able from the terminal 26, either as derived di-
rectly from pick-up or camera tube |0 or indi-
rectly from the slow motion pick-up or camera
tube 30, are then subjected to further amplifica-
tion and have combined therewith line and frame
synchronizing signals which are supplied by a line
or frame synchronizing generator (not shown).
To control the line and frame synchronzmg gen-
erator energy may be applied thereto from the
vertical and horizontal deflection generators 22
and 24, respectively, After the synchronizing
signals have been combined with the image sig-

- nals the composite series of signals may then be

60"

65

used to modulate a radio frequency carrier for
radio fransmission to television receivers.

When slow motion television signals are passed
from conductor 125 to output terminal 28, either
stored synchronzing signals associated with the
image signals may be transmitted (as will gen-
erally be most convenient), or alternatively new
synchronizing signals from generators 22 and 24
may be added to the slow motion image 51gnals

- for the transmission.
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In addition to assuming, by way of example,
that the retardation factor is taken as four, it
will be assumed also that normal action for a
time duration of one second will be expanded into
four seconds of slow motion television. In other
words, movement which transpires in an interval
of one second is presented in slow motion having
a duration of four seconds.

For storing the very rapidly produced image
signals a plurality of storage tubes are provided
three of which are shown at 44, 45 and 46. The
specific construction of these storage tubes will
not be discussed in detail, since a description of
such a tube is to be found in the publication
“Television” by Zworykin and Morton (John
Wiley & Sons, Inc., 1940) on pages 326 and 327.

“The tubes, however, include a double sided mosaic

electrode 48 and two gtin structures 50 and 52.
The. gun structures are arranged to scan opposite
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sides of the mosaic 48 and when a modulated
cathode ray beam is caused to impinge upon one
side of the mosaic an electrostatic charge image
will be produced thereon which may béremoved
- by the electron gun structure in the opposite end
of the tube. Image signals are, therefore, applied
to the second anode 54 of tube 44, for example,
with the result that the individual elements of
the mosaic electrode 48 will assume & potential
‘which is dependent upon the instantaneous po-
tential of the second anode. For storing. the
charge image on the mosaic 48 the cathode ray
beam generatéd by the gun structure 80 is nat-
urally used. 'When the scanning action is com-
pleted a. potential variation will exist over the

mosaic which is a result of the voltage variation
applied to the second anode 84.  When the oppo-

site side of the mosaic 48 is scanned by the cath-
ode ray beam produced by the gun structure 52
signals may be derived from the second anode 5§
associated with this cathode ray beam. The po-

tential variations which exist on the mosaic elec- -
trode 48 are, therefore, transformed into a signal.

which may be collected from the second anode §6
.when the mosaic is scanned by the cathode ray
beam. Naturally, a deflecting means is asso-
ciated with each gun structure, but such means
has been omitted in the drawings for simplicity.
If, as above assumed, a time duration of one
second is to be expanded into four seconds of slow
motion television, then 120 storage tubes will be
required. Each storage tube is capable of re-
taining a complete television framéfﬁcluding two
fleld scansion cycles. This is on the basis that a

2 to 1 interlace scanning system is employed as

is standard television practice. - When interlaced
scanning is employed two successive television
fields are required to coniplete a television frame
and an electrostatic charge image of a complete
" television frame (including two fields) may be
deposited upon each storage tube. The charges
representing each of the two flelds may be re-
- moved in succession by the cathode ray beam pro-
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duced by the gun structure 52 when the mosaic

electrode 48 of the storage tube is scanned by an
interlaced pattern. When no interlacing is em-
ployed then naturally a number of storage tubes
must be employed corresponding to the number
of flelds or frames which are scanned by the slow
‘motion television camera during the interval at
-~which slow motion images are to be presented.
In order that the individual image signals as
produced by the slow motion television pick-up
_tube 30 may be successively applied to the storage
" tubes so that the images may be retained for a
. bredetermined length of time, some switching ar-
rangement must naturally be employed. Like-
wise, & similar switching arrangement, operating
~in synchronism with the normal motion pick-up
or camera tubes, must also be employed for re-
moving the stored signals. ) :
For applying the image signals from the slow
motion camera tube 38 to the storage tubes in

" a biasing potential source 80 is provided, the po-

55

-succession a timer $0 and a commutator 82 are

provided. Both the timer and the commutator
are driven by a synchronous motor which derives
its energy from a 60-cycle power source synchro-
nized with the vertical deflection voltage varia-

65

tions for controlling the scanning cathode ray -

beam in the television camera -tube ‘10. 'This
motor may conveniently be provided with a man-
ually. or otherwise rotatable stator so that the
.phasing of the operation of the timer 60 and the
commutator- 2 may be accurately controlled in

relation to the individual image scannings. The

70
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timer 60 is arranged to rotate at 0.25 revolution
per second, whereas the distributor §2 is arranged

"to operate at 1.0 revolution per second. The

timer is provided with & brush contact §6 which
cooperates with a ring contact 88, and the timer
also includes a brush contact 70 which cooperates
with & quadrant contact or sector 12. The quad-
rant contact or sector 12 extends ninety degrees
around the periphery of the timer on the assump-
tion that a retardation factor of 4 is chosen.

The commutator 62 includes a brush and ring

contact arrangement T4 for applying current to |

the contact.arm 76. Around the periphery of the
commutator are arranged a plurality of contact
segments 18 corresponding in number to the
number of storage tubes. In the example above
assumed, 120 contact terminals will be positioned
around the distributor for cooperation with the
rotating arm 16. . . :

When the switch 40 is in a closed position im-
age signals from the slow motion camera tube 30
will then be applied over the conductor 42 to the

_ brush and ring contact 66 and 68 and to the quad-

rant conductor 72. Since the timer makes 0.25
revolution per second, the brush 78 will be in con-
tact with the quadrant 12 for a duration of time
equivalent to one second, while the circuit will be
interrupted for the next succeeding three second
interval. .- Durring the second that the brish 18 is
in contact with the conducting segment 12 the
arm 16 will make one complete revolution over

the 120 contacts 78 which are in turn connected

individually to the 120 storage tubes 44, 45, 48,
etc. Picture signals representative of each suc=
cessive television frame as derived from the slow
motion camera tube 30 will, therefore, be applied
in succession to the second anode 54 of each of
the storage tubes to thereby produce an electro-
static charge image on the assoclated mosaic elec-
trode 48. ‘ .

Naturally, it is desirable that the cathode ray
beam generated by the gun structure 50 be. ini-
tiated only during the interval that a charge
image is to be placed on the associated ‘mosaic
electrode. . This interval for any particular stor-
age tube will occupy Y420 of a second. In order to
render the electron gun structure 50 inoperative

tential source being connected between the con-

trol electrode of the gun structure 58 and the.
" ground by way of resistance 82, The potential

supplied by the battery 80 is sufficiently negative

“to bias the cathode ray beam to cut-off, but in

order that the cathode ray beam may be gener-

ated during, and only during, the desired interval,

a second timer 84 and commutator 8§ are pro-
vided, the timer 84 being substantially identical
to the. timer 80 and.the commutator 8% being
substantially identical to the commutator 62.
For conveniehce of construction and operation,
the elements 60, 62, 84, and 86 may be parts of a
unitary assembly which includes also the below
described similar elements 104 and {08. The
brush contact 88 of the timer 84 has connected
thereto the positive potential source 90, the nega-
tive terminal of the potential source being con-
nected to ground. When the brush contact 92
is in contact with the segment 94 a positive po-
tential will then be applied to the contact arm 96
so that positive control impulses may be applied
successively to the control electrodes of the ‘s‘tox;-
age tubes 44, 45, 48, etc., by way of commutator
contacts 98, 100, 182, etc. The action .of the
timer 84 and distributor 86, therefore, applies a
positive potential to the control electrode of ‘the
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electron gun structure §0 in the storage tubes
during the proper interval and at the proper in-
stant in order.that image signals from the slow
‘ motion television camera tube 30 may be effective
when applied to the second anode 84 to store a
. potential or electrostatic charge image on the mo-
saic 48 of each of the storage tubes representative
of the separate television frames as they occur in
succession.

A somewhat similar commutating arrangement
is also provided for removing the charge image
representing successive television frames, the re-
moval of the charge images occurring at a slower
rate in order to produce the illusion of slow mo-
tion. Naturally, the charge image on the plural-
ity of storage tubes must be removed in the proper
sequence, and for this purpose commutators 104
and 106 are provided. These commutators are
similar in construction to: commutators 62 and
88, but the commutators 104 and 106 rotate at &
speed of 0.25 revolution per second or, in other
words, one fourth the speed of revolution of the
commutators 62 and 86.

In order that the electrostatic charge image
which is produced on the mosaic electrode 48 of
each of the storage tubes may be retained it is
necessary that no cathode ray beam be permit-
ted to strike the mosaic electrode. Accordingly,
a bias ‘potential source 108 is provided and is
connected between.the control electrode of the
electron gun structure 52 and ground by way of
resistance 110, The potential of the source 108
is sufficient to normally block or prevent the
formation of a cathode ray beam by the gun
structure 52. For permitting the production of
a cathode ray beam by the gun structure 52 the

2,381,901

plying slow motion television image signals to

" the output terminal 26.
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commutator 108 is used in conjunction with a

source of potential 112. The negative terminal
. of the battery f12 is connected to ground, where-
as the positive terminal is connected to brush
and ring contact f14 for applying a positive po-
tential to the contact arm (16. :

The contact arm cooperates with the 120
peripheral contacts 118 to apply positive poten-
tial to the control electrodes of the gun struc-
ture 82 in order that a cathode ray beam may
be produced by the gun structure 52 in each of
the storage tubes 44, 48, 48, etc., in sequence and
in proper succession.

It is possible to derive the individual cut-off
biasses of the tubes 44, 45, 46, etc., from a com-
mon source through individual high impedances
beyond which the activating voltage may be
briefly applied as described. Numerous equiva-
lent circuit modifications fall within the scope
of this invention.

‘When the mosaic electrode 48 is scanned by a
cathode ray beam produced by the gun struc-
ture 52, image signals may be derived from the
second anode 56 representing one complete tele-
vision frame or two interlaced scanning cycles.

The commutator 104 includes a brush and ring

contact assembly (20 and a switch arm (22. The

switch arm cooperates with the 120 peripheral
contacts {24, the contacts being individually con-
nected to the second -anode of the gun structure
‘52 of each of the storage tubes 44, 45. 46, etc.
Since the commutator arm {22 makes one revolu-
tion in four seconds, picture signals from the
second anode 56 of each of the storage tubes are
collected in sequence and in succession and are
applied by way of brush and ring contact- {20
to the conductor 125. The conductor 125 is then
arranged to cooperate with switch 128 for ap-

40

From the above it may be seen, therefore,
that motion which normally requires only one
second to transpire may be presented on the
screen of a television receiver so-as to occupy a
time duration of four seconds, the presentation
of the television image at the receiver occurring
at the usual and normal television operating
speed. It is, therefore, unnecessary to make any
changes whatsoever in the television receiver, all
of the apparatus required for producing slow
motion television images being located at the
television transmitter.

When it is desired to present in slow motion
any particular event or motion; it is only neces-
sary to operate switches 40 and 28 (which are
mechanically connected together) so that slow
motion television images produced by the camers
tube 30 may be stored on the storage tubes 44, 45,
46, etc., for a one second time interval, the stored
images being removed during substantially that
second and for the next succeeding three seconds
(and generally with the loss of only a single
‘initial frame). .

All of the commutators as well' as the timers
are indicated as operating from a single driving
motor 64, and such an arrangement is prefer-
ably in order to maintain proper synchronous
and relative phasal conditions. Since the pre-
sentation, of slow motion images begins sub-
stantially immediately upon operation of
‘switches 40 and 28, it is actually desirable in
practice to delay the scanning of the mosaic
electrode in the first storage tube until after an
image representing the first complete television
frame in slow motion is stored thereon. The
operation of the commutators 104 and {06
should, therefore, be so phased that a short time
interval is permitted to elapse, this time interval
being not less than 1499 of a second. If syn-
chronizing signals are to be supplied as indi-
cated above, then in order to maintain proper

. synchronous operation it would be desirable to

delay the presentation of slow motion images

. for one complete normal television field or %o

of a second. During this interval potentials
representative of two frames of slow mo’ >n tele-

. vision will be stored on two of the storage tubes

50.
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at which time the transmission of the stored
images commences. If switches 40 and 28 are
maintained closed or in the slow metion tele-
vision position then a succession of slow motion

_events may be indicated, the action of each

fourth second being split to occupy a continuous
time interval. Naturally, the movement which
transpires during the three seconds between slow
motion intervals will be completely lost. How-
ever, this will scarcely ever be detrimental, par-
ticularly if the particular time interval is wisely
ghosen during which slow motion television
images are presented. =

Theoretically and in the absence of any amel-
iorating factors at least four times ‘the light in-
tensity on the televized scene would be necessary
for the production of slow motion television
images, since the scanning rate is increased four
fold. This requirement for additional light in-
tensity may be compensated for by utilizing a
fgster lens associated with the slow motion televi-
sion pick-up tube 30, or a more sensitive mosaic
electrode could be used. In the absence of either
of these compensatory measures, switching means
cot}ld be arranged to operate in conjunction with
switches 40 and 28 for increasing the illumination
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in the television studio during the interval that
slow motion is desired. Thus, for example, the

voltage impressed on a bank of studio incandes-

cent lamps may be momentarily increased suffi-
ciently during the slow motion pick-up period,
and without appreciable reduction in the total
‘operating life of the lamps. An arrangement for
providing the increased illumination is shown, by
way of example, in Figure la where one or more
studio light sources 130 (preferably of the incan-
descent type) are connected in series with g resis-
tor 132. The series combination is energized from
an appropriate potential source connected to ter-
mingls 134. A switch 138 is connected in parallel
with the resistor (3% so that when the switch is
closed, the studio lights 130 are over-excited dur-
ing the interval of operation of slow motion tele~
‘vision.. camera tube 30, and this over-ex-
‘citation results in an increased illumination in the
studio. The switch 136 is mechanically or electri-
cally associated with the switches 28 and 40. In
order’to avoid waste of power, the resistor 182 may
be replaced by another light source.

Momentary over-excitation of the studio lights
during the slow motion interval will produce con-
siderable increase in light intensity, and in order
that the sudden and relatively intense increase in
illumination may not affect persons being tele-
vized, 1} is also possible to employ ultra-violet
light or infra-red light for the increased illu-
mination, assuming, of course, an appropriately
color responsive mosaic electrode is incorporated
in the slow motion television camera tube 30. If
the mosaic electrode in tube 80 were constructed
to be exceedingly responsive in the ultra-violet
spectrum, whereas the mosiac in the normal cam-

10
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simplify the drawings and explanations thereof
and in order to present readily a complete and un-
derstandable description of the operation of the
slow motion television system. Furthermore, it
is to be understood that various types of television
camera tubes may be used, and that it is not
necessary to use the particular form of electron
storage type specifically indicated in the drawings.
Furthermore, various types of storage tubes may
be used, the ones shown being merely representa-
tive of various tubes that could be employed.

Various other alterations and modifications
may be made in the present invention, and it is
desired that any and all such modifications be
considered within the purview of the present in-
vention except as limited by the hereinafter ap-
pended claims. - L
- Having now described my invention, what I
claim isg: i o

1. A slow motion television transmitting sys-
tem comprising a television camera tube includ-
ing a target electrode, means to generate a
cathode ray beam, means to deflect the cathode
ray beam in mutually perpendicular directions
to scan the target electrode at a predetermined
rate to produce image signals, a plurality of

" storage tubes each including a storage electrode,

era tube {0 had a spectral response similar to that -

of the human eye, then no switching arrangement
‘would in fact be necessary since the ultra-violet
‘light sources could be left on continuously without
in any way affording any discomfort in so far as
persons being televized is concerned and without

interfering with the illumination in so far as the

normal camera tube 10 is concerned. The rela-
tively intense ultra-violet illumination would be
sufficient to permit operation of the slow motion
camers tube 30, )

It is possible materially to simplify the slow
motion circult arrangement described above and
to reduce the scanning speed in the normal cam-
era tube 10 if each television frame from the slow
. motion camera tube 30 is applied simultaneously
to four of the storage tubes so that the same elec-
trostatic charge image is deposited on groups of
four of the storage tubes simultaneously. The
same image could then be scanned as described
above at the normal rate to produce an apparent
. slowness of motion. Such a system, although

means to store the produced image signals on
the storage electrodes of said tubes as electro-
static charges and means to remove the stored
image signals at a rate that is slow as compared
to their originally produced rate. .

2. A slow motion television transmitting sys=~
tem comprising a television camera tube includ-
ing a light-sensitive target electrode, means to
produce an electrostatic charge image of a scene
to be transmitted on the target electrode, means
to generate a cathode ray beam, means to deflect,
the cathode ray beam in mutually perpendicular

40 directions to scan the target electrode at a pre-

45

determined rate to produce image signals, & -
plurality of storage tubes each including a
storage electrode, means to sequentially store
the produced image signals on.the storage elec-
trodes of said tubes as electrostatic charge image
replicas of the image scanned in the pick-up

- tube, and means  to sequentially remove the -

50

55

Physically simpler in so far as scanning and .

switching is concerned, is not so desirable, since
the resultant images may be jerky in their motion
and not have an apparently smooth reproduction
- a8 is the case where multiple speed scanning as
previously described herein is employed. Where
each television frame image in slow motion is
stored on four storage tubes, the same detail of
movement can not possibly to presented as will be
the case if a system such as
above is employed. b

Although  timers and commutators of a me-

. chanical nature are shown and described herein,

it 1s to be understood that electronic switching
“means could as well be employed for accomplish-
ing the same purpose. Mechanical switching ar-
rangements have merely been shown in order to
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shown and described -

70

stored image signals at a rate that is slow as
compared to their originally produced and stored
rate, ) :

3. A slow motion television transmitting sys-
tem comprising & television camera tube having
& target electrode, means to generate a cathode
ray beam iIn said tube, means to deflect the
cathode ray beam in horizontal and vertical
directions to scan the target electrode to produce
image signals, a plurality of storage tubes each
including a storage electrode, means including
& switching arrangement to successively store
the image signals produced during & whole num-
ber of vertical deflection cycles on a separate
storage tube, and means including a second
switching- arrangement to remove the stored
image signals in succession at & rate slow as com-
pared with the rate at which they were originally

produced. . .

4. A slow motion te_leﬁslbn transmitting sys--
tem comprising a television camera tube having

‘& light-sénsitive target electrode, means to gen-
‘erate a cathode ray beam in said tube, means

to deflect the cathode ray beam in horizontal
and vertical directions to scan said target elec-

- trode to produce image signals corresponding to

({]

each television line and frame, a plurality of
storage tubes each including an electron storage
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electrode, means including a switching arrange-
ment to sequentially store the produced image
signals representative of each television frame
on a separate storage tube, and means includ-
ing a second switching arrangement to remove
the stored image signals in succession at a rate
slow as compared with the rate at which they
were originally produced and stored.

5. A slow motion television transmitting sys-
tem comprising a television camera tube having

a light-sensitive target electrode, means to gen-’

erate a cathode ray beam in said tube, means
to -deflect the cathode ray beam in horizontal
and vertical directions at different rates to scan
said target electrode to produce image signals
corresponding to each television line and frame
in accordance with the horizontal and -vertical
deflections of the cathode ray beam, a plurality
of storage tubes each including an electron
storage electrode, means including a switching
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said storage tubes at their rate of production,
and means to sequentially remove and transmit
the stored image signals at a rate corresponding
to the rate of transmission of the image signals
from said first camera tube.

8. A slow motion television transmitting system
comprising a first and second television camera
tube, each including a target electrode and means
t0 develope a cathode ray beam, means to deflect
the developed cathode ray beam in said first cam-
era tube at a predetermined normal rate to pro-
duce image signals, means to deflect the developed

~ cathode ray beam in said second camera tube at
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arrangement operable to sequentially store the

produced image signals representative of each
television frame at the horizontal and vertical
deflection rates on a separate storage tube,
means including a second switching arrange-
ment operable to successively remove the stored
image signals at a rate slow as compared with
the rate at which they were originally produced
and stored, the rate of storage bearing a whole
number multiple ratio to the removal rate, and
means to transmit the removed image signals
whereby slow motion television images may be
produced. N .

6. A slow motion television trangmitting sys-
tem comprising a first and a second television

transmitting camera tube, each including a tar-.

get electrode and means for developing a cathode
. ray beam, means to deflect the developed cath-
ode ray beam in the first camera tube to scan
its target electrode at a first predetermined rate
to produce image signhals, means to deflect the
developed cathode ray beam in said second cam-
era tube to scan its target electrode at a second
predetermined rate to produce image signals, the
said second scanning rate being considerably fast-
er than the said first scanning rate, means to
directly transmit the image signals produced by
said first camera tube, a series of television image
storage tubes, means to store in said storage
‘tubes the image signals produced by said second
camera. tube at their rate of production, and
means to remove and transmit the stored image
signals at a rate corresponding to the rate of
transmission of said image signals from said first
camera tube. : ‘

7. A slow motion television transmitting sys-
tem comprising a <first and a second television
transmitting camera tube, each including a light
responsive target electrode, means for develop-
ing @ cathode ray beam in each of said tubes,
means to deflect the developed cathode ray beam
in the first camera tube to scan its target elec-
trode at g first predetermined rate to:produce
picture signals, means to deflect the developed
cathode ray beam in said second camera tube to
scan its target electrode at a second predeter-
mined rate to produce picture signals, the said
second scanning rate being considerably faster
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a rate considerably in excess of the normal rate
to produce image signals, & plurality of electro-
static charge storage tubes, means including a
switching arrangement for storing in said storage
tubes image signals produced over a predeter-
mined length of time by said second .camera
tube, and means including a second switching ar-
rangement for removing the stored image signals
at the said predetermined normal rate.

9. A slow motion television transmitting system
comprising a first and second television camera
tube, each including a target electrode and means
to develop a cathode ray beam, means to deflect
the developed cathode ray beam in said first
camera tube at a predetermined normal rate to
produce image signals, means to deflect the de-
veloped cathode ray beam in said second camera
tube to develop image signals, the rate of deflec-
tion in said second tube being at a rate consider-
ably in excess of the rate of deflection in said
first camera tube, a plurality of electrostatic
charge storage tubes, means including a switch-
ing arrangement for storing image signals pro-
duced by said second camersa tube over a prede-
termined length of time upon said storage tubes,
and means including a second switching arrange-
ment for removing the stored image signals at
a slower rate corresponding to the rate at which
image signals are produced by said first camera
tube.

10. A slow motion television transmitting sys-

5 tem comprising a first and second television cam-

era tube, each including a target electrode and
means to develop a cathode ray beam, means to
deflect the developed cathode ray beam in said
first camera tube at & predetermined normal rate
to produce image signals, means to deflect the
developed cathode ray beam in said second cam-
era tube to develop image signals, -the rate of

" deflection in said second tube being at a higher
rate and bearing a multiple relationship to the
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than the said first scanning rate and bearing a-

whole number ratio with respect thereto, means
to transmit the image signals produced by said
first camera tube at their rate of production, a
. series of television image storage tubes, means to
sequentially store the image signals produced by
said second camera tube as charge images in
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said predetermined normal rate of deflection, a
plurality of electrostatic charge storage tubes
each including a storage electrode, means includ-
ing a switchjng arrangement for sequentially
storing image signals produred by said second
camera tube over a predetermined length of time
on the storage electrodes in said storage tubes,
means including a second switching arrangement
for sequentially removing the stored image sig-
nals from the storage electrodes at the said pre-
determined normal rate, and means to transmit
the removed image signals.

11. The method of transmitting a plurality of
optical images which comprises the steps of se-
quentially converting, at a predetermined rate,
the plurality of optical images into a plurality
of separate electrostatic charge images, and sub-
sequently sequentially converting, at a different
predetermined rate, the separate electrostatic
charge images into a series of image signals,

12. The method of {ransmitting a plurality of
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optical images which comprises the steps of se-
quentially converting, at a predetermined rate,
the plurality of optical images into a plurality
of separate electrostatic charge images, and sub-
sequently sequentially converting, at a slower

rate, the separate electrostatic charge images into.

a series of image signals.

"13. The method of transmitting optical images
by television which comprises the steps of
generating a series of image signals from the
optical images, converting the series of image
signals into a series of separate electrostatic
charge images, retaining the electrostatic charge
images for predetermined time intervals, and re-
.converting . the separate - electrostatic charge
images into another series of image signals.

14. A television transmitting system including
a plurality of charge storage electrodes, means
to produce sequentiaily a series of electrostatic
charge images on said storage electrodes from g
series of visual representations, the charge dis-
tribution of the charge images corresponding to
the characteristics of the elemental areas of the
visual representations, and means to subsequent-
1y sequentially scan the storage electrodes to pro-

duce a series of electrical potential variations

from the electrostatic charge images.

15. A television transmitting system including

a plurality of charge storage electrodes of mosaic
construction capable of retaining a plurality of
separate electrostatic charges on elemental areas
of each electrode, means to sequentially produce
an - electrostatic charge image on each electrode
at a predetermined rate from a succession of op-
tical images, and means to subsequently and se-
quentially convert the electrostatic charge images
into a series of image signals at a different rate.
16. A television transmitting system including

. means to .convert a series of optical images into
a series of image signals, a plurality of electro-

10

15

i

tical images of the subject matter into a serles
of image signals at a different predetermined
rate, means to transmit directly the image sig-
nals produced by said first camera tube, & series
of television image signal storage tubes, means
to store in said storage tubes the image signals.
produced by said second camera tube at their
rate of production, means to remove and trans-
mit the stored image signals at & rate correspond.
ing to the rate of transmission of the image sig-
neals from said first camera tube, means to iliumi-
nate the subject matter, and means to alter the
illumination of the subject matter during periods -
of operation of said second camera tube.

19. A slow motion television transmitting sys-
tem comprising a first television camera tube for
generating image signals at a predetermined rate
corresponding to the subject matter to be trans-

- mitted, & second television camera tube for gen-
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erating image signals at a second predetermined -
rate corresponding to the subject matter to be

t{ransmitted, said second predetermined rate be-

ing considerably faster than said first predeter-
mined rate and bearing a whole number ratio
with respect thereto, means to fransmit the image
signals generated by said first camers tube at

. their rate of production, a series of television
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static charge storage electrodes, means to sequen- -

tially produce a series of electrostatic charge
images on the storage electrodes in response to
the produced series of image signals, and means
to subsequently and sequentially scan the charge
storage electrodes to produce another series of
image signals  from the -electrostatic charge
-images. .

17. A television transmitting system including
. means to convert a series of optical images into
- a series of image signals, & plurality of electro-
static charge storage electrodes, means to sequen-
tially produce at one predetermined rate a. series
of electrostatic charge images on the storage elec-
trodes in response to the produced series of image
signals, and means to subsequently and sequen-
tially scan the charge storage electrodes at &

image signal storage tubes, means to sequentially
store the image signals produced by said second
camera tube as charge images in said storage
tubes at their rate of production, means to sub-~
sequently and sequentially remove and transmit
the stored image signals at a rate corresponding
to the rate of transmission of the image signals
from said first camera tube, means to {lluminate
the subject matter to be televised, and means to
enhance the illumination during periods of op-
eration of said second television camera tube.

20. A slow motion television transmitting sys- .
tem comprising a first and second television cam-
era tube, each operative to scan an optical image

" of the subject matter to be transmitted to pro-

duce image signals, the rate of scanning in said
second camera tube being considerably in ex-
cess of the rate of scanning in said first camers

. tube and bearing an integer relationship thereto,
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slower predetermined rate to produce another °

series of image signals from the electrostatic
charge images so that slow motion effects result
from the last named series of image signals.

18. A television transmitting system compris-
ing & first television camera tube for converting
optical images of a subject matter into a series
of image signals at one predetermined rate, &

‘" second television camera tube for converting op-
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a series of television image signal storage tubes,
means to sequentially store the image signals
produced by said second caméra tube as charge
images in said storage tubes at their rate of pro-

_duction, means to subsequently and sequentially
‘convert the charge images into a series of image

signals, the rate of conversion corresponding to
the scanning rate of said first television camera
tube, switch means selective to directly. trans-
mit image signals produced by sald first camera
tube or to store and subsequently transmit image
signals produced by said second television camera:
tube, means t{o illuminate the subject matter to
be televised, and a switching device associated
with said switch means for increasing the illumi-
nation of the subject matter to be televised when
said second television camera fube is in operation
to produce image signals.
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