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11 Claims.

The present invention relates generally to tele-
vision apparatus, and more particularly to tele-
vision receivers and to elements comprising the
same.

In one form of the television receiving appa-
ratus the cathode ray tube employed has an in-
ternal volume of over one cubic foot, which must
be maintained at a high vacuum and presents
a danger of explosion, The fluorescence employed
as a screen must be applied on the glass very
thin, for fluorescent material is opaque and the
light generated by the electronic beam striking
the interior of the fluorescence must show
through the fluorescent material, and so, even if
s high voltage could be employed to produce a
more brilliantly illuminated image, it could not be
used as a practical matter, as the very thin fiu-
orescent material would be damaged permanently
thereby and the tube would become useless. A
large size of the image means that the cathode
ray electronic stream has to cover a much larger
area and the tube must be so much larger. Ina
24’ gcreen, the tube containg several cubic feet
of volume and will require 30,000 to 50,000 volts.

The danger involved with such voltages and large’

vacuum containers used in residences need not
even be stated. Even a 127 X 12”7 image tube
requires voltages too high and vacuum contain-
ers too large for use in residences.

An object of the present invention is to over-
come the foregoing by utilizing the illuminosity
produced in the inside of the cathode ray lamp
by the electronic stream or beam striking fluo-
rescent material applied on a metal anode, such
as, say, nickel. ~ Such a metal anode is placed
near the top of the envelope of the convention-
all known cathode ray television tube. This
anode is preferably a concave disc and 18 secured
<o that it is slightly tilted to one side in respect
to the electronic beam. A second metal reflector
of nickel, chromium-plated and highly polished,
may be located somewhat lower in the tube in
line with the metal anode reflector, so that any
light produced in the inside of the tube by the
fivorescent material concentrates into this light
reflector which, in turn, projects the light out-
wards from the tube through a suitable window.
This latter light refiector may be mechanically
and electrically secured to one of the cathode
ray tube elements, such as the first anode or de-
flecting plates for proper degassifying, and is of
such a concaveness as to cause the light beam
at or near the nodule point to be at the window
of the envelope of the tube. The tube envelope
may be metal except for & small sealed lens

10

20

30

35

40

where the beam passes through, thus shielding
the entire tube from outside interference.

Under these conditions, as the anode is being
scanned by the electronic beam, the image in the
form of scanned light is refiected into the lower
light reflector which, in turn, refiects the image
outward through the lamp window to be devel-
oped ultimately on s screen for the television
viewer. The size of the image may be larger and
controlled by a lens, to focus at will. The fluo-
rescent material may be applied heavy and need
not be of a transparent material, It should,
however, be remembered that, as the image is
increased on the screen, the illuminosity is de-
creased in the same proportion, since the light
covers larger areas. Hence, the size of a conven-
tional tube thus modified must still be large to
produce a large image. i

However, with the optical television scanning
system described in my copending application
for patent Serial No. 264,876, filed March 30,
1939, the tube may be small, may use & compara-
tive low voltage, and yet will produce a large-
size highly brilliant image. The cathode ray
tube so employed is always at nearly a constant
current, bub produces light modulation by chang-
ing the concentration of the electronic beam.

There may be used either the conventional
cylindrical first anode with rectangular slots for
the electronic beam to pass through it, or in its
place two plates of the same potential may be
used to compel the electronic beam to form a fan-
shaped ribbon, so that the maximum cross-sec-
tion of this ribbon electronic beam at the afore-
said second metal anode is, say, 2'' X 14'’, while
the minimum cross-section is %'’ x %’’. The
fluorescent material is applied to the concave side
of the metal anode only in a diametric line of,
say, slightly less than '’ width. This anode

is so positioned in relation to the elements of

the tube as to form a cross between the line of
fluorescent material and the cross-section of the
electronic beam. Hence, only %'’ x %'’ of the
fiuorescent material can-become illuminated at
zny instant, which is the cross-section where the
electronic beam ribbon crosses the fiuorescent line.

When there is no incoming television signal,
the electronic beam is fan-shaped with a broad-
side of the two inches at the top and, therefore,
only about one-eighth of the fotal electrons can
impinge on the fluorescent material. Further, as
ihe second anode is metal and more electrically
conductive than the fluorescent material, actually
only a small fraction of the electronic beam is
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transformed into light. This represents the dark
spot of the image.

Immediately above the first anode Dlates of
the tube is located a set of modulating plates
positioned at right angles to the first anode
plates or to the rectangular slot in the cylin-
der should the same be used. Both modulating
plates are energized by the same potential, and
are electrically connected in series with an am-
plifier that receives the television signals applied
across its cathode and grid. The arrangement,
therefore, applies the required television electric
impulses to the set of modulating plates only
when a television impulse is received. When a

- strong television signal is recelved, these modu-
lating plates condense the fan-shaped beam into
a narrow beam of, say, less than %’’, and in
combination with the first anode plates they
cause the electronic beam to have a square cross-
sectional shape of less than %4’ x %’’, so0 that
all of the electronic beam impinges on the fluo-
rescent material and produces a strong quantity
of light. This is the bright point of the image;
any intermediate television signal received pro-
duces a corresponding contraction of the fan-
shaped electronic beam and, in turn, a corre-
sponding quantity of light is produced. Thus,
the modulating anode plates modulate the tele-
vision light by varying the quantity of electrons
applied to the fluorescent material and that ap-
plied to the metal plate, and thereby vary the
light produced.

Above the modulating anode plates is posi-
tioned one set of the conventionally used de-
fiecting plates which are disposed at right angles
to the modulating plates. These deflecting
plates are energized by, say, the 60-cycle house
current, or a harmonic thereof, saw-tooth style,
to correspond to the transmitter, each plate be-
ing charged with opposite potentials, thereby
moving the constant quantity electronic beam
to and fro along the fluorescent diametric line.
The fan-shaped electronic ribbon beam forms
the ordinate in the tube (not image) and the
fluorescent material the coordinate, and light is
produced only where they cross one another,
the quantity of light so produced depending on
the intensity of that quantity of the electrons
of the electronic beam which are impinging on
the fluorescent material. When the electronic
beam is fan-shaped, the minimum of illuminos-
ity is produced; when the fan-shaped electronic
beam is condensed into a bar shape, the maxi-
mum of illuminosity is produced.

During one image frame, the electronic beam
travels once along the diametric line of the fluo-
rescent material and a line of light is formed dot
by dot which corresponds in intensity to the in-
coming television' signal at each instance, each
dot overlapping the other, but at each instance
it is corresponding in illuminosity to the televi-
sion signal received. Each light dot as it ap-
Dears on the second anode is reflected into the
lower reflector at about one-third the size and,
in turn, reflected cutside of the tube through
the lens or window in the tube and on a single
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scanning lens reflector, preferably prismo-con- .

cave. This single prismo-concave scanning lens

causes the thin light beam to travel a width of

about, say, 532’’ in the form of a thin light line
" or beam, as hereinafter explained.

The cathode ray tube with the reflector and
the single prismo-concave scanning reflector
form “one unit” of the television system. The
single scanning reflector is so positioned as to
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cause the line scanned to cross the width of the
reflector and is tilted either upwards or down-
wards to cause the light beams, so scanned, to
reflect each in turn upwards or downwards and
into three scanning reflectors which form the
“second unit” of the television system.

The scanning reflectors are positioned as
though placed inside of a rim of a wheel. They
are aligned one with the other and each one is
slightly tilted longitudinally so that the light
beam, as scanned, will reflect from one scan-
ning reflector to the other. The elements of the
second unit of the system may be positioned at
an angle of about 45° to the single scanning
reflector of the first unit. That is, the relation-
ship is such that the horizonta] light described
and scanned on the single scanning reflector de-
scribes a diagonal across the six multi-focal faces
of the first scanning reflector. Hence, if the
first scanning reflector is 4’’ x 4’*, the light line
scanned upon the first scanning reflector must
be the square root of 4 squared plus 4 squared,
Thus, a diagonal light
line beam is described on the first scanning re-
flector. :

Bach of the three scanning reflectors has six
multi-focal prismo-concave, or any other multi-
focal, scanning faces. Therefore, one-sixth of
the diagonal light line so scanned falls on the
next multi-focal lens substantially instantly. As
the light beam so scanned by each multi-focal
lens of the first reflector reflects into the second
reflector, each multi-focal lens scans a full line
on same across the full width of the second scan-~
ning reflector. Hence, there are six inclined
light lines scanned across the second scanning
reflector, each line being-inclined about %’’ or
about 25’’, and each light line is described on
the second scanning reflector below the preced-
ing one. As the second scanning reflector also
has six multi-focal scanning faces, each light
line as scanned across the second multi-focal
scanning reflector reflects and scans six lines
across the third scanning reflector. Therefore,
the one diagonal described and scanned across
the first scanning reflector describes and scans
thirty-six lines across the third scanning re-
flector and each line is on an incline of two-
thirds divided by six, or 1’’. As the third scan-
ning reflector also has six multi-focal scanning
faces, each line scanned and described on the
third scanning reflector describes six lines on
the screen. Thus, the single diagonal described
and scanned on the first scanning reflector now
scans and describes 6X36, or 216 lines on a
screen. If we have a 24’ screen, each line is in-
clined 616 divided by six, or %’’, and each line
is scanned and described below the preceding
one.

The “third unit” of the television system is
the expanding mirror and the screen. Hence,
the second television unit should he placed at
such an angle to the third television unit as to
produce straight horizontal lines on the screen
in a manner hereinafter described. It is not
necessary to physically place each television unit
at different angles, as a mirror placed in com-
bination with these units and at a certain angle
to each unit will produce equivalent results, as
hereinafter described.

Assuming that a 60-cycle house current is su-
perimposed on a direct current voltage and by
well-known means is converted to a saw-tooth
scanning current and applied to the scanning
plates, then in one-sixtieth of a second, the fan-
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shaped (or modulated shaped) electronic beam
moves slowly across the diametric fluorescent line
-of the second anode and quickly returns to the
starting point. During the return, no television
signal is received, and, therefore, the electronic
beam is fan-shaped, and there is but a very dim
light on the screen. Thus, nearly one-sixtieth
of a second is consumed by the slow one-way
movement of the electronic beam Aacross the di-
ametric line of flucrescent material. In thirty
double interlaced frames per second there are
sixty half image interlaced frames per second,
which is equivalent to the scanning thus pro-
duced, and, since each half frame has 216 lines
scanned on the screen, the whole image frame
has 432 lines per second. The nine lines less
than the conventional standard 441 line image
can be absorbed in the return of the electronic
beam or in the descent of the saw-tooth scanning
current. By changing the number of bifocal
faces in each of the three multi-focal scanning
reflectors, any number of lines per image can
be produced, thus multi-focal scanning lenses
with seven concave-prismatic lenses would pro-
duce 7 x 7 x 7, or 343 lines Der half frame and
686 lines per image frame, and eight bifocal faces
would give 8 x 8 x 8, or 512 lines per half frame
and 1024 lines per image frame.

The television receiver may be synchronized
by the means shown in Figs. 17 and 17a and de-
seribed in the specification of my copending ap-
plication Serial No. 964,876, filed March 30, 1939,
to any present-day conventional television trans-
mitter.

More specifically, another object of the present
invention is to provide a novel television receiver
which is adapted to obviate the deficiencies of
receivers now known and in use.

Another object is to provide a novel television
receiver which is adapted to produce a large-size
clear image.

Another object is to provide a novel television
receiver which is adapted to produce 2 large-size
clear image at relatively low voltage.

Another object is to provide a novel cathode
ray tube for use as an element of a television
receiver which is small in size, yet which will pro-
duce a large-size clear image at comparatively
low voltage.

Another object is to provide 2 novel television
receiver tube which is adapted to modulate the
prightness of the moving image spot substantially
instantaneously.

Another object is to provide a novel television
tube which is entirely screened from outside mag-
netic or static interferences.

Another object is to provide a scanning system
and 2 method of effecting the same which elimi-
nates ordinate and coordinate scanning.

Another object is to provide a novel combined
television tube and prime mover to render the
optical television receiver entirely automatic in
action, thus eliminating any mechanical or phys-
ical prime mover.

Another object is to provide novel scanning
reflectors that scan concentrated light beams,
and to provide a system of disposition of same to
produce an ultimate clear image.

Another object is to provide a novel diagonal
scanning system to scan the image to eliminate
the ordinate and coordinate scanning signals,
and a method of performing the same.

Another object is to provide a novel cathode
ray tube which includes a metal anode against
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which the electronic stream plays to utilize the
complete illuminosity thereof.

Another object is to provide a novel, inexpen-
sive, simple television receiver which produces a
large clear image.

Another object is to provide a novel television
receiver tube which is small and which functions
with a relatively low voltage. '

Other objects and advantages will be apparent
from the following description, taken in conjunc-
tion with the accompanying drawings, in which:

Fig. 1 is a diagrammaitic view of a portion (the
first unit) of the present novel television receiver,
particularly showing the tube;

Fig. 2 is a diagrammatic view of a metal t=le-
vision receiver tube constructed in accordance
with the teachings of the present invention;

Fig. 3 is a plan view of the novel metal anode
employed in the tube shown in Figs. 1 and 2, dis-
closing the fluorescent strip;

Fig. 4 is a diagrammatic developed view of the
gleti)ining shapes of the -electronic heam of the

ube;

Fig. 5 is a perspective view of one type of
anode hereinafter referred to as the first anode;

Fig. 6 is a view of another type of anode em-
ployed in the manner of the anode shown in
Fig. b;

Pig. 7 shows diagrammatically a concave re-
flector with light beams passing through the
principal focus thereof;

Pig. 8 illustrates diagrammatically a single
prism and a reflector with light beams reflected
from the latter and passing through the former;

Fig. 9 illustrates diagrammatically & double
prism and a reflector with light beams reflected
by the latter and passing through the former;

Fig. 10 is a cross-section of a prismo-concave
scanning lens reflector with light beams passing
therethrough;

Fig. 11 is a cross-section of a multi-focal scan-
ning lens refiector which is concave at the back
and which includes six concavities in the front
side;

Fig. 12 is a cross-section of a prismo-concave
scanning lens reflector; : '

Fig. 13 is a cross-section ‘'of a concavo-convex
multi-focal scanning lens refiector;

Fig. 14 is a cross-section of a prismo-convex
scanning lens reflector of multi-convex configu-
ration;

Fig. 15 is a cross-section of a prismo-convex
scanning lens in a metal reflector holder; :

Fig. 16 is a side view of a lens and holder to-
gether with fastening means for securing it ina
receiver cabinet; L

Fig. 17 illustrates diagrammatically the dis-
position of the lens reflectors which receive the-
optical image emitted from the cathode ray tube
and develop it on a screen; C

Fig. 18 is a front view of the scanning lens re-
flectors and screen shown in Fig. 17, diagram-
matically illustrating the multiplication of a
single diagonal scanning light beam, and the
developing therefrom of the desired number of
image lines on the screen; and,

Fig. 19 illustrates diagrammatically how light
lines may be made to ultimately appear at any
angle of inclination desired. I

Referring to the drawings more particularly
by reference numerals, in order that the theory
and operation of the apparatus may ke under-
stood, there is disclosed in Fig. 1 the first unit of
an optical television receiver constructed in ac-
cordance with the teachings of the present in-
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-:vention. ‘There is an antenna 21 which is adapt-

ed to receive a television radio signal, and a con-:

“iventional commercial type television receiver 22
.which precepts, detects end amplifies the signal.
‘An’amplifying ¢ircuit 23 is connected to the re-
ceiver- 22 and includes & grid and:cathode 24

. across which the television signal is applied. : The

2,202,979
‘by ‘broken lines: in the same figure. In other

words; at the strongest signal, the  electronic

beam 47 is bar-shaped to concentrate all of the -

. electrons on a corresponding cross-section of the

--amplifying circuit 23 is connected o both: plates

.. of a modulating anode 25 forming part of & tele-

vision tube 26 and to a cathode 27 of the tube

o 26, so that the television signals or impulses are

. supplied to both.

fluorescent strip 49; whereas, with no signal be-

ing received, the electronic beam 41 is fan-
- Shaped to reduce to a minimum the electrons

impinging on the fluorescent strip 49,

' A conventional 60-cycle saw-tooth current de-

10:

A focusing ‘anode 28 is . disposed: below the

mcdulating  anode 25. ' The: focusing anode 28

-1 comprises a pair of parallel plates 29 connected -
. by an end piece 38 having a rectangular opening

31 therein (Fig. 5). Ths rectangular opening 31

. permits electrons from: the ecathode 2T to pass
therethrough and the plates 29 concentrate the

beam :so formed in those two directions: only,

33 in the ends 34 thereof may ke employed if

preferred (Fig. 6). S : :
The modulating :plates 25" of the modulating
. anode- 25 are electrically connected together and

. with the plate of .the amplifying cireuit 23 as
- aforesaid, and dre also mechanically positioned
. at right angles to the plates 29 of the focusing

' while permitting it to spread in the directions at
. . Tight angles:thereto. : A conventional ecylindrical
.- fecusing anode 32 having rectangular: openings

veloper 50 is connected to an ordinary 60-cycle .
house current by leads §§ and 62 (Fig. 1), The =

~developer 50 includes a device similar to that

shown in Figs. 17 and 17a and deseribed in the

specification ‘'of my copending application Serfal -

No. 264,876, flled March 30, 1939, so that the

-present. device ccan easily be brought in phase :
relation with the scanner of a transmitter. As

shown In: Fig. 1, the 60-cycle saw=-tooth current

1s superposed on the D. C. current and applied
to a pair of ‘plates 54 which comprise a deflecting '
anode §%. As is well-recognized in the art, this
- arrangement causes the electronic’ beam 471 to:
move slowly in one direction, as in the direction

“of the arrow 6 (Figs. 1 and 3), and quickly in

arrow 51,
- The! fluorescent strip 49 (Fig. 3) need not be

the: other -direction, as in the direction of  the

- of transparent material, inasmuch as the anode

30

ranode 28 and are snaced slightly further apart

. than the plates 29, ‘A choke coil 36 connected. as

.. shown causes the signals or impulses to be applied:
- to the modulating anoede 25 only above the poten-: . .

tial applied to the focusing anode 28. ‘Between

' . the focusing anode 28 and the cathode 21, which
. 'is-a heavy duty unit held under red heat and. .
- capable of supplying a. large quantity of elec-
.tronms, is a cup~shaped grid 37 having a hole 38

therethrough.

Direct current pow'eyr supply terminals 40 and
.. 81 supply rectified D. C. electric power from @
power pact: (not shown) across & resistance 42,

The aforesaid grid 37 is held in a negative poten-
tial to the cathode 27 at any preferred degree
through a movable contact point 44 movably
connected to the resistance 42. A suitable lead
45 connects the grid 37 and the contact point 44,
Through manipulation of the contact point 44,
the quantity of electrons in the electronic beam
47 produced by the cathode 27 may be increased
or decreased, as desired. At a selected setting
of the contact point 44, a constsnt electronic
current or beam 47 flows between the hot cathode
217 and an anode 48 located at the far end of the
tube 26.

The anode 48 comprises a metal plate of dished
or concave circular configuration (Figs. 1 and
3). Running diametrically across the anode 48
is a strip 49 of fluorescent material which is
preferably of a width of slightly less than 14’’.

The aforesaid constant quantity of electronic
current 47 flowing between the heavy duty cath-
ode 27 and the anode 48 is not modulated or
changed by the television signals, but continues
constant at the rate determined by the setting
of the contact point 44. However, the amount of
it that is caused to impinge or strike the fluo-
rescent strip 49 is modulated or changed by the
television impulses as supplied by the plate of
the amplifying circuit 23 to the modulating
plates 25’. The shape of the elecironic beam 41
when no television signal is being - received is
shown in solid lines in Fig. 4, whereas the shape
when the television signal is strongest is shown
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' to the appreciable ‘width of ‘about a', -
clear from Fig. 3, only those electrons of the

48 is of metal. 'The material is applied heavily
As is

eeletronic beam 47 within the square designated

.69 produce light, inasmuch as the remainder
‘thereof falls on the metallic anode 48. Hence,
as stated, when the strongest signal is received, =
‘all of .the electrons of the beam 47 are concen-

“‘trated within the square 60 somewhere slong the | ,
- Huorescent strip 49. ° As the signal weakens, the =
. beam 4T becomes fan-shaped in proportion to the
dntensity thereof, so that only 2z proportionste
number of electrons strike the fluorescent strip =

49 within the square §6.

- The deflecting plates 54 move the beam 47 in

the direction of the arrow $6 from the end 6
of the strip 49 to the end 62 in slightly less than
one-sixtieth of a second. The brightness of the
light square 60 advances and recedes in strength
from point to point and from instant to instant
as modulated by the television signal received by
the modulating plates 25’. It is well-known
that fluorescence is salways accompanied by
phosphorescence; that is, fluorescent material
when lighted by electrons striking it remains
lighted for a short instant thereafter due to
phosphorescence. In effect, a lag in the lighted
dots of the image is produced and a smeared pic-
ture results. The metal anode 48 eliminates
phosphorescence as a practical matter, for the
fluorescent light dies substantially after the
electrons stop striking it. The demarkation be-
tween strong and weak light points is very sharp
and defined with the present device so that the
tube or lamp is sensitive to any number of meg-
acycles and can produce a clear image of any
number of lines,

Within the tube 26 suitably located in respect
to the anode 48 is a reflector 64 which receives
light flux 65 from the anode 48. 1In turn, a light
beam 66 is reflected from the reflector 64 through
a window 67 in the metal envelope 26’ of the
tube 26. The beam 66 passes through a concen-
trating lens 68 to strike a further concentrating
concave reflector 69, whence it passes to a single
scanning reflector unit 10. The reflector 64 is
metal and is mechanically secured to any ele-




2,202,979

ment of the tube and is electrically connected
. to the reflecting plates 64, The reflector 64

takes no part in the electric circuit reaction of
the elements of the tube 26, but is electrically
connected to the deflecting plates 54 or some
other element for the purpose of enabling the
tube 26 to be completely degasified.

As stated, the light beam 66 is concentrated
by the lens 68 so that the incident light beam
swings lengthwise on the surface of the one di-
mensional concave reflector 69 a very short dis-
tance, as %’ (a single light beam is considered
herein for purposes of illustration as & matter
of clarity). Since the original length of the
generated light line caused by the electronic
pesm 41 moving between the points 6{ and 62
(Fig. 3) is 2’ and the length of the line at the re-
flector 89 is but %‘’, manifestly the dot light
beam has been concentrated to one-sixteenth
its original size and is manifestly sixteen times
as bright. As the cross-sectional area of the
light line at any Instant was less than %"’
squared, the light dot on the reflector 69 is
less than Y4’ £ ¥’’, or less than 144’’ In cross-
sectional area. In the perpendicular direction
of the light beam 66, the instantaneous dot light
beam is still further concentrated by the concav-
ity of the reflector 9. As the incident light
beam 66 swings from ¢ to b (Fig. 1), it forms a
certain Incident angle with the normal to the
straight dimensional side of the reflector 69 and
produces & light beam 88’ at a reflected angle of
twice the deflection. The angle effected by the
beams 66 and 68’ is very large and varies as the
beam §6 swings from @ to b, thus making the
corresponding swing of A to B of 66’ of sufficient
width to cover the entire width of the prismatic
part of the prismo-concave lens reflector 18.
The lens reflector 718 is silvered on the convex
side to reflect and deflect the concentrated light
beam 11 (Fig. 17) through a wide angle to scan
a line of, say, 5%’ in length, whereby it scans
the whole width of a first scanning reflector 75
along a diagonal line 113 (Fig. 18).

Before proceeding to & descriptional analysis
of the second unit of the present receiver, it is
well to consider specific lens reflector elements
and combinations which can be employed.

Referring to Fig. 7, there is shown diagram-
matically a concave reflector 80. Any light beam
81 refiected by the reflector 80 will pass through
the principal focus 82 thereof. All of such light
beams 8{ will be concentrated at the principal
focal point 82.

In Fig. 9, there is shown a double prism 84
disposed between the concave reflector 80 and its
principal focus 82, the double prism 84 being
relatively close to the concave reflector 80. Each
veam or line of light 81 will be deflected by the
double prism 84, each light line being deflected
to g different degree away from the principal
focus point §2 except the center one, which, of
course, will continue to pass through the central
focus point 82. By selecting the respective diop-
tral strengths of the reflector 80 and of the prism
84, so that the former is slightly more contract-
ing than the latter is diverging, for example, se-
lecting the concavity of the reflector 80 as four
diopters and the prism 84 as but about & resultant
of slightly less than four diopters, the very nar-
row beams 81 will still follow the directions com-
pelled by the action of the double prism 84, yet
will remain on the whole concentrated. The
foregoing is true, due to having the reflector 86
more concentrating of the light beam than the
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prism 84 is divergent of it. At specific distances
from the reflector 80, a series of principal focal
points will be formed and each very thin light
beam 81 will have its principal focus at a differ-
ent location. When a thin light beam is moved
across the reflector 80 (Fig. 9) it will reflect and
be refracted by the prism 84 so that the principal
focal point will move rapidly from 82¢ to 82c
in the direction of the arrow 85, yet the beam
81 will concentrate and become thinner as it is
refracted towards 82a. The direction and con-
centration of the heam 84 are resultants of di-
rections and concentrations of the light beams 81
reflected from. the reflector 80 and refracted by
the double prism 84. '

. In Fig. 10, there {s shown a single scanning
lens reflector 86 which combines the reflector 80
and the prism 84. In a thick mirror lens, such
as a 1%’’ lens reflector, the outer glass becomes
a lens superposed upon s mirror and, since the
light beam has to pass the glass of the reflector
twice (into and out of the reflector), only one-
half of the double prism 84 is required to ac-

- complish the same result. The scanning reflec-

tor 10 is of the type exemplified by the lens
reflector 86. The light line 8fg comprises two
broader lines which come closer and closer to-
gether until the focus point 82a is reached. The
slightest movement of the incident light beam to
one side as it strikes the reflector portion of the
lens reflector 86 moves the nodule point 82a
a greater distance in the direction of the arrow
33a. :

In Fig. 11, there is shown a lens reflector 88
of the type disclosed in my aforesaid copending
application, in which, in a preferred embodiment,
the mirrored reflector side 89 has a curvature of
five diopters, the general curvature of the ex-
terior side 5@ of the lens is of but slightly less
than one and one-half diopters, and the indi-
vidual lens curvatures 91 are of slightly more
than two diopters. The scanning lens reflectors
88, when employed as a part of the present re-
ceiver, are preferably set at about 15’ from each
other for proper scanning, assuming the size of
each as 4’’ x 4’’. The effective light beams are
thin and diverging and scan swiftly across the
succeeding reflector.

There is shown in Fig. 8 the effect of a single

" prism 93 on light beams 81 reflected from the re-

flector 80. The reflection of the light beams 81
is more towards the thicker part of the prism
83. The principle of the single prism 93 and
the reflector 80 is employed in the formation of
a scanning lens reflector 95 (Fig. 12) to avoid an
undesirable characteristic of tne lens reflector
88 which requires that the individual lens curva-
tures 9¢ be narrower from the center towards
the end in order that each covers exactly the
same line area of the succeeding scanning lens
reflector. In the lens refiector 83, there are two
central lenses 96 comprising a double prismatic
lens, each with the thicker side of the prism to-
wards the center. At each side of the lens 96
are single prisms 97 to deflect the light more to-
wards the center and the inclination of each
prism is such as to cover exactly the same line
area as the succeeding scanning lens refiector.
The thicker ends of the prisms 91 are disposed
towards the center of the scanning lens reflector
85. The correct inclination of each prism 96 and
87 further corrects any slight existing error, so
that each scanned line is placed on the exact
same width of the succeeding scanning lens re-
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flector as the line scanned by the adjacent bi-
focal face or prism.

In Fig. 13, there is shown a scanning lens
reflector 99 having double multi-focal lenses 100
and 101. In this construction, the resultant
diopter of the lenses 101 must be less than that
of the lenses 180 to produce a concentrated and
diverging scanning beam. The lenses 1080 are
mirrored and concentrate the beams, whereas
the multi-focal lenses {01 refract them in a di-
verging relationship.

In Fig. 14, there is disclosed a convex pris--

matic lens reflector 103, which includes a re-
flector portion 108 made up of a plurality of
concave reflector segments 105 and prisms 106
and 107. Preferably, the curvature of the re-
flector segments 105 is about four diopters, while
the radius of the lens 103 is about '15’’.

In Fig. 15, there is shown a lens 109 in associ-
ation with a holder (10 which together com-
prise a scanning lens reflector I1l. The holder
{18 is preferably of chromium-plated metal
highly polished on the concave side to reflect
light. The lens 109 is of plastic material, such
as “lucite.” This construction permits the use
of plastic material for lenses which molds easily
to the desired shape to produce lenses to per-
form all their intended functions. The disclosed
holder 110 has two metal end pieces 112 (Fig.
16) by means of which the scanning lens re-
Rector (i1 may be mounted in a suitable cab-
inet, or the like.

Referring again to Figs. 1 and 17, it has been
shown that the light beam 66 swings and scans
the single scanning lens reflector 10 from A to
B across the width of the double prism thereof.
For the purpose of the present analysis, the first
unit of the present receiver, which comprises the
tube 26 with all of its elements, the lens 68, the
mirror 69, and the single scanning reflector 19,
is positioned at 45° from the orbital circle of
three scanning lens reflectors 15, 16 and 17 (Fig.
17). Hence, the light beams reflected from the
reflector 10 is a diagonal line 13 ag thrown on
the scanning reflector 15 (Fig. 18). The light
beam Ti scans at 45° to the plane of the draw-
ing sheet, while the scanning reflector 15 is posi-
tioned vertically with respect thereto with the
multi-focal lens faces inside directed to receive
the light beam 11, the multi-focal lenses extend-
ing from the top ({5 to the bottom 116 of the
scanning reflector 715. In Fig. 17, one-half of
the outside of the scanning reflector 15 is ob-
servable. The scanning reflector 15 is placed
in a position above the reflector 10, so that a re-
flected light beam 17 is reflected upwardly, as
shown. As stated; the scanning reflectors 15, 16
and 17 are in alignment with each other and
are positioned as though located on the inner
side of the rim of a wheel. Hence, the light
beam (471 scans normal to the plane of the draw-
ing within the width of the scanning reflector 76,
the multi-focal lenses of which extend from 118
to 119. From the light beam {1 T scanning the
reflector 716 there is reflected the light beam 120
which strikes the scanning reflector 711, the mul-
ti-focal lenses of which extend from 121 to 122,
from which there is produced a reflected light
beam §23. As aforesaid, the light beams 11,
120 and 123 scan in directions normal to the
plane of the drawing through a width of 47,
which is the afore-assumed width of the scan-
ning reflectors 15, 16 and 11, which is effected
substantially as the light beam Ti moves from
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115 to 116, describing the diagonal light line 113
across the reflector 15 (Fig. 18). As the verti-
cal angle defined by the light beams 11 and 17
changes, so the corresponding angles defined by
the light beams 17 and 120, 120 and 123, and
128 and 124 change accordingly. Thus, each
aforesaid light beam moves both across the width
of the respective scanning lens reflector 15, 16
and 171 and a screen 125 as many times as re-
fracted by the bifocal lenses, and once across the
heijght of the same for each image half-frame.
The light beams (17, 120, 123 and 124 scan each
one faster than the other at a direction normal
to the plane of the drawing in a manner de-
scribed In my aforesaid copending application
for patent.

Close to the scanning reflector 15 is a longi-
tudina] concentrating lens 126. There is a sim-~
ilar concentrating lens 121 adjacent the scan-
ning reflector 76, a concentrating lens 128 adja-
cent the scanning reflector 11, and gz concen-
trating lens 129 adjacent a reflector 130. The
thin light beam 11 scans swiftly the multi-focal
lenses of the scanning reflector 15 in the direc-
tion 33a (Fig. 10) and normal to the plane of
the drawing (Fig. 17). The lens 126 further
concentrates each light dot of the monochromat-
ic light beam Ti1 so that they appear in scan-
ning relation to the scanning reflector 15 as but
fine thin specks of very bright light. The con-
centrating lenses 127, 128 and (29 produce the
same effect on their respective scanning reflec-
tors and reflector. Since the reflected light
beam {7 clears the lens 126, it scans the entire
width of the scanning reflector 76 normal to
the plane of the drawing. Similarly, the reflect-
ed beams 120, 123 and 124 clear the respective
concentrating lenses (21, 128 and | 29, respec-
tively, and each scans the succeeding reflector
normal to the plane of the drawing through the
width thereof, each beam scanning faster than
the preceding one.

Referring to Figs. 17 and 18, the light beam
11, in scanning once across the scanning lens
15, covers the distance a—g in describing the
aforesaid diagonal light line 113 (PFig, 18A). As
the light beam T{ moves from a to b (one-sixth
of the scanning movement), the reflected light
beam ({7 scans once completely across the face
of the scanning reflector 16 to describe a com-
plete light line 135 (Fig. 18B). Similarly, as the
beam Ti moves from b to c,ctod,dtoe etof,
and f to g, each time the light beam ({7 scans
completely across the face of the scanning re-
flector 16 to describe, respectively, the whole
light lines' 136, 137, 138, (39 and 140. In other
words, each lens of the multi-focal scanning
lens reflector 15 causes the incident light beam
Tt reflected as light beam (17 to describe a full
light line on the succeeding scanning reflector
16 and, therefore, the six light lines 135—140
are described on the scanning reflector 16, each
of which has an inclination of but one-sixth
that of the diagonal light line 113, the angle
comprising the vertical component of the re-
spective light line diagonal segment a—b, b—o,
ete.

By the same principle that the six light lines
135140 are developed on the scanning reflector
16 from the single diagonal light line 113 on the
scanning reflector 15, so thirty-six light lines are
developed on the scanning reflector 11, and two
hundred sixteen light lines are developed ulti-
mately on the screen {25 (Figs. 18C and 18D),
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n other words, each of the light lines | 35—140
develops six light lines on the scanning reflector
11. The six light lines developed by the light
line 135 fall on the scanning reflector 11 within
the vertical distance from a—g on Fig. 18B. The
licht beam 120, which typifies all of the light
beams (35—140, scans completely across the
scanning reflector 11, along the full light line
141 as that portion of it designated the light line
35 (Fig. 18B) moves from a to b. Similarly, the
light lines 142, 143, etc., are generated as the
light line 35 moves from b to ¢, ¢ to d, etc., re-
spectively. In the same manner, the second full

10

six light lines are generated on the scanning re- .

flector_11 by that segment of the light beam 120
designated the light line 136, the third six light
lines by the segment designated 131, the fourth
six light lines by the segment designated 138, the
fifth six licht lines by the segment designated
139, and the sixth six light lines by the segment
designated {48. The inclination of each of the
light lines 141, 142, 143, etc., is one-sixth of that
of the light lines 135—140, or one thirty-sixth of
that of the light line 113. As aforesaid, two hun-
dred sixteen light lines 145 are developed on the
screen 125, which form the components of the
light beam 123, which is refiected by the reflector
{86 as light beam 124. Each of the light lines
141, 142, 143, etc., which comprise the light beam
123, 124 develop in rapid sucecesston six full light
lines 145 on the screen 125. The inclination of
each of the light lines 45 is one-sixth that of
the light lines 141, 142, 143, ete., or one two-
hundred-sixteenth that of the original diagonal
light line {{3. It becomes necessary, therefore,
only to provide for a small adjustment of the flat
expanding mirror reflector 130 to bring the light
lines {85 on the screen 25 into straight hori-
zontal positions.

The flat mirror reflector 138 is used to spread
the light lines to form an image on & large screen
of, for example, 24’ X 924’’. Since, in interlaced
seanning, a line of light is placed on the screen
alternately with a line of darkness, the scanned

lines occupy in surface coverage only a total of

one-half of the height of the screen, or 12”7, In
each half image (interlaced) two hundred six-
teen light lines are developed so that the width
of a light line as scanned on the screen {25 is
178”7 (12’7 divided by 216). The original dot of
light produced by the fiyorescent strip 49 has a
width of ¥a’’, hence the ultimate corresponding
dot developed on the screen 125 is condensed 4%
squared, or 20.5 times, so that the aforesaid ulti-
mate dot is 20.5 times as bright as that originally
produced in the fluorescent square 60 (the ratio
is ¥’ squared to }/1’’ squared, or 41 squared
equals 20.5 times as much light). Therefore, a
clear very bright image results on & 24’ x 24’
screen, The width of the light dots on the screen
125 need not be considered, for, as light
travels 186,000 miles per second and there are
60 x 216 x 432, or 5,598,720 light dots developed
on the screen per second, there is .04 mile
(186,000 divided by 5,598,720) of light flux falling
on each light dot of the image upon the screen
{25. The scanning lens reflectors 15, 16 and 11
may also be slightly concave in a vertical direc-
tion to concentrate the scanning heams in g ver-
tical direction also, that is, in the direction at
right angles to the scanning direction of the
beams 11, 117, 20 and £23.

Referring to Fig. 19, there is shown a method
by which the disposition of the first unit at a
45° horizontal angle from the second unit may be
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avoided. A flat reflector 150 is interposed be-

tween the single scanning reflector 10. and the

scanning reflector 15, the reflector 150 being po-
sitioned either on a higher or lower level and at a
horizontal angle of 60° from the single scanning
lens reflector 10 while, at the same time, it is
inclined to the horizontal less than 45°. The re-
sult is the appearance of the light beam Ti on
the scanning reflector 15 as the diagonal light
line §13. As shown in Fig. 19, the single scan-
ning reflector 10 is positioned upright or vertical~
1y, with the bottom edge 10’ in a horizontal plane.
The light beam 66’, therefore, in scanning across
the reflector 10, describes the horizontal light
line 151, which is defiected into and across the
fiat reflector 150. An inclined light beam 152
is, therefore, developed on the light reflector i50,
inasmuch as the flat reflector 150 is positioned
lower or higher than the single scanning reflector
10 with the side edge 150° at the bottom dis-
placed_60° horizontally from the single scanning
reflector 10, and inclined towards the latter
about 45°. It is to be noted that the face of the
single scanning reflector 70 is not observable.
The scanning reflector 15 like the single scan-
ning reflector 10 is positioned vertically and at
a horizontal angle of approximately 60° irom the
single scanning reflector 10. Hence, the refliected
light beam 71, as scanned by the single scanning
reflector 10, describes the required diagonal light
line {13 on the scanning reflector 15, even though
both reflectors 10 and 715 are positioned vertical-
ly. By tilting the single scanning reflector 70
slightly away from the reflector §50, the degree
of inclination of the latter to the horizontal can
be reduced. Further, by using the corner point
153 of the reflector 150 as a pivot and changing
the inclination or the horizontal angle of the
same, any inclination of the light beam {13 from
vertical to horizontal may be obtained. The re-
flector 130 (Fig. 17) is so tilted to produce
straight lines on the screen 285,

The sfore-described and illustrated television
receiver can readily be employed as a transmitter
by substituting photoelectric material for the
fluorescent material of the fluorescent strip 49,

It is apparent from the foregoing description
and analysis, taken in conjunction with the ac-
companying drawings, that the present invention
is adapted to and does fulfill all of the objects
and advantages sought therefor. Modifications
of the disclosed and described embodiment of
the present invention falling within the boun-
daries of the claims which follow are contem-
plated as fully within the spirit and scope hereof.

Tt is to be understood that the foregoing de-
scription and accompanying drawings have been
given by way of illustration and example, and
not for purposes of limitation, the invention be-
ing limited only by the claims which follow.

‘What is claimed is:

1. Tn the art described, the method consisting
of producing an electronic beam, projecting the
electronic beam upon a surface partially coverec
by fluorescent material, receiving television sig-
nal impulses, contracting and expanding the said
beam under the infiuence of the sald impulses.
moving this electronic beam along a fluorescent
material track, thereby producing a linear mo-
tion of a television modulated light beam, inter-
cepting this linear light beam motion by a plu-
rality of stationary multi-focal multi-lens reflec-
tors disposed in a predetermined relationship to
one another, thereby producing concentrated
multiple reflections and refractions of the light
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beam, intercepting these multiple reflections of
the light beam by a screen and reproducing an
image corresponding to the television signals
received.

2..In the art described, apparatus comprising
a surface partially covered with fluorescent mate-
rial, means to produce an electronic beam, means
to project the electronic beam upon the said sur-
face, means to receive television signal impulses,
means to contract and expand the electronic
beam under the: influence of ‘the  said signa)
impulses, means to move the electronic beam
along :a: fluorescent material track to preduce a
moving ‘television: modulated light beam, means
to reflect and refract the said light beam com-

.prising a plurality of -stationary multi-focal
lenses to produce a plurality of movements of
light beams, and means to reflect these light
beams upon a screen to reproduce an image cor-
responding to the television signals received.

3. In the art described, the method consisting
of producing an electronic beam, projecting the
electronic beam upon a surface embodying 9
track covered by fluorescent material, receiving
television signal impulses, contracting and ex-
panding the: said beam in one -direction under
the influence of the said impulses, moving this
electronic beam at right angles along the said
fluorescent material track under the influence of
a periodic deflecting force, thereby producing a
linear motion of a television modulated light
beam, intercepting this linear light beam motion
by a plurality of stationary multi-focal multi-
lens reflectors disposed in a predetermined rela-
tionship to one anocther, thereby producing con-
centrated multiple reflections and refractions of
the light beam, intercepting these multiple re-
flections of the light beam by a screen and repro-
ducing an image corresponding to the television
signals received.

4. In the art described, apparatus comprising
a surface embodying a track covered with fiuores-
cent material, means to produce an electronic
beam, means to project the electronic beam upor
the said surface, means to receive television sig-
nal impulses, means to contract and expand the
electronic beam in one direction ‘under the initu-
ence of the said signal impulses, means-to move
the electronic beam at right angles thereto along
the said fluorescent material track under the
influence of a periodic defiecting force to produce
& linear moving television modulated light oeam,
means to reflect and refract the said light beam
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said disposed multi-focal multi-lens reflector as
horizontal line areas of an image. :

6. In accordance with eclaim 1, a ‘method of
diagonal scanning comprising developing without
mechanical motion a single diagonal light line in
accordance with the television impulses received
from the scanning of one-half of an image frame,
and ' substantially instantaneously = developing
from  said single diagonal light line without
mechanical motion a predetermined plurality of
substantially horizontal light lines on a screen
to form an image frame.

7. In accordance with claim 5, in combination,

. @ mechanically shielded television tube including

means to translate an electronic beam into light
“impulses in accordnace with electrical television
impulses received by the tube and means for
deflecting the light impuises as light beams from
the tube, means concentrating the light beams,
and stationary means for diagonally scanning the
light beams to produce image frames upon an
ultimate receiving means.

8. In the art described, apparatus comprising
a surface partially covered with fluorescent ma-
terial, means to produce an electronic beam,
means to project the electronic beam upon the
said surface, means to receive television signal
impulses, means to contract and expand the elec-

~ tronic beam under the influence of the said sig~-
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comprising a plurality of stationary mulii-focal -

prismo-concave multi-lens reflectors disposed in
4 predetermined relationship to one anotner 1o
produce a plurality of movements of concentrated
Adight beams, and means to retlect these lighe
beams upon a screen to reproduce an image cor-
responding to the television signals received.

5. A television scanning construction compris-
ing a plurality of stationary multi-focal scanning
reflectors disposed in a predetermined relation-
ship to one another, each reflector comprising a
plurality of prismo-convex lenses, a moving tele~
vision modulated light line intercepted by the
multi-lenses of the first reflector is successively
developed upon the other multi-focal multi-lens
reflectors in increasing numbers, depending upon
the number of lens elements of each reflector
and the number of reflectors, means (o direct
the scanning light line diagonally across the first
multi-focal multi-lens reflector, and means to
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receive the light lines from the last of thie afore- 75

nal impulses, means to move the electronic beam
along a fluorescent material track to produce a
moving television modulated light beam, means
to reflect and refract the said light beam compris-
ing a plurality of stationary scanning reflectors
each comprising a concave reflector and a double
prism disposed in adjacent relationship,’ and
means to reflect these light beams upon s screen
to.reproduce an image corresponding to the tele-
vision signals received.

9. In the art described, apparatus comprising
a surface partially covered with fluorescent ma-
terial, means to produce an electronic beam,
means to project the electronic beam upon the
said surface, means to receive television signal
impulses, means to contract and expand the elec-
tronic beam under the influence of the said sig-
nal impulses, means to move the electronic beam
along a fluorescent material track to produce a
moving television modulated light beam, means

“to reflect and refract the said light beam com-

prising a plurality of stationary scanning reflec-
tors each comprising a concave reflector and a
prism disposed in adjacent relationship, and
means to reflect these light beams upon a screen
to reproduce an image corresponding to the tele-
vision signals received.

10. Ir the art described, apparatus comprising
a surface embodying a track covered with fluo-
rescent material, means to produce an electronic
beam, means to project the electronic beam upon
the said surface, means to receive television sig-
nal impulses, means to contract and expand the
electronic beam in one direction under the influ-
ence of the said signal impulses, means to move
the electronic beam at right angles thereto along
the said fluorescent material track under the in-
fluence of a periodic deflecting force to produce
& linear moving television modulated light beam,
means to reflect and refract the said light beam
comprising a plurality of stationary integral scan-
ning reflectors each reflector comprising a plural-
ity of multiconcave multi-prism lenses, each of the
prism lenses being disposed with the thicker por-
tion directed towards the longitudinal center line
of the scanning reflector, and means to reflect
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these light beams upon a screen to reproduce an
image corresponding to the television signals re-
ceived.

11. In the art described, apparatus comprising
a surface embodying a track covered with fluo-
rescent material, means to produce an electronic
beam, means to project the electronic beam upon
the said surface, means to receive television sig-
nal impulses, means to contract and expand the
electronic beam in one direction under the influ-
ence of the said signal impulses, means to move
the electronic beam at right angles thereto along
the said fluorescent material track under the in-
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fluence of a periodic deflecting force to produce
a linear moving television modulated light beam,
means to reflect and refract the said light beam
comprising & plurality of stationary scanning re-
flectors disposed in e predetermined relationship
to one another each comprising a polished con-
cave reflector and a plurality of integral concave
prism lenses disposed in contigtious relationship,
and means to reflect these light beams upon 2a
screen to reproduce an image corresponding to
the television signals received.

GEORGE WALD.



