2,302,124

R. C. HERGENROTHER

TELEVISION SIGNAL

Nov. 17, 1942.

REPRODUCING SYSTEM

Filed March 7, 1941

N6€

o
L
=
()
'\mm m
wd
&
5
(o1 fas
S5 (&
20 \o
=% E
Zd <
= .
pane ]
o
v
™-6¢
2s
lo : O
1INOHI0
ONINNVOS .l_
—o ~amaid [ o0 . . o < [© S
HOLVHVd3S Y3V uIIAIIdRY HOLVINGOW Y31 ITdWY
sV ” 1, " vNoIS ADN3ND3Yd ¥OL0313a0 | |. AON3ND3Y4 HoLy Nao8 ADN3NDIYA ‘1’014
“ONIZINOUHONAS -030a1A -31VIQINEIINI . -olavy
° P o oo X
oNINN DS o2/ 2V ol!
-aNI1 .I_ m_.,
O [og .
-— e/ . A _
8¢ A
ov ‘¢ ‘




Patented Nov. 17, 1942

- 2,302,124

UN_l;TED" STATES PATENT OFFICE

2,302,124

TELEVISION SIGNAL-REPRODUCING
SYSTEM -

Rudolf C. Hergenrother, Beechhurst, N. Y., as-
-signor to Hazeltine Corporation, a corporation

of Delaware

Application March 7, 1941, Serial No. 382,161
(ClL 178--1.5)

10 Claims.

This invention relates to television signal-re-
producing systems generally and, particularly, to
such systems of the type adapted o project an
image of a relatively large size upon a screen.

In a television signal-reproducing arrangement
it is frequently desirable to provide a reproduced
image of relatively large size and satisfactory
average brightness. Such an image has been
very hard to procure for the reason that in most
television signal-reproducing arrangements which
have so far been proposed, the area of the re-
produced image for a given average brightness
of the reproduced image has been small. While
some arrangements of the prior art are effective
to produce a very small image with relatively
intense average brightness, the average bright-
ness is generally very much less than is desired
if such an image is to be projected upon a large
screen for viewing by an audience, The reason

for this is that the maximum light available in

the large image is limited by the amount of light
available in the small image and the average
* brightness is decreased in inverse proportion to
the increase in the size of the image.

It is an object of the invention, therefore, to
provide an improved television signal-reproduc-
ing system which is not subject to one or more
of the above-mentioned disadvantages of the ar-
rangements of the prior art. -

It is a further object of the invenilon to pro-
vide an improved television image projection sys-
tem.

It is still another object of the invention to
provide an improved television signal-reproducing

system in which the maximum amount of light

available in the reproduced image is not limited
by the maximum amount of light produced by a
cathode-ray beam incident on a fluorescent
screen. .
In accordance with the invention, g televisio
signal-reproducing system comprises, a light
source, a viewing means, and masking means
having a plurality of elementary transparent por-
tions and a corresponding plurality of elementary
opaque portions and interposed in the optical
path between the light source and the viewing
means. The arrangement.also comprises s lens
system having a single optical axis disposed in

the optical path and including means interposed

in the light path between the transparent and
the opaque portions normally effective to focus
upon the above-mentioned opague portions at
least a portion of the light from the light source
passing through the above-mentioned transpar-
ent portions.
means for effectively altering the optical path
length of elementary portions of the optical path
through the- lens system for varying the amount
of light blocked from the viewing means by the
opaque portions, together with means ifor con-
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'This arrangement also includes °
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trolling the last-named means in accordance with
the received television signal to form s visible
image of the translated picture on said viewing
means.

For a better understanding of the present in-
vention, together with other and further objects
thereof, reference is had to the following descrip-
tion taken in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims.

Fig. 1 of the drawing is a circuit diagrem, par-
tially schematic, of a complete television receiver
of the superheterodyne type including a television
signal-reproducing system in accordance with the
invention; Fig. 2 Is a diagram utilized to explain
the principle upon which the television signal-
reproducing system of the invention -operates;
Fig. 3 is a fragmentary diagram illustrating a
detail of a portion of the ‘signal-reproducing sys-
tem of Fig. 1; Fig, 4 illustrates a modification of
a portion of the signal-reproducing system of Fig.
1; while Fig. 5 illustrates a modification of the

‘signal-reproducing device of Fig. 4.

Referring now more particularly to the draw-
ing, the system illusirated comprises g receiver
of the superheterodyne type including an antenna
system 10, ! connected to & radio-frequency
amplifier {2 to which is connected in cascade, in
the order named, an oscillator-modulator 13, an
intermediate-frequency amplifier {4 of one or
more stages, a detector 15, a video-frequency am-
plifier 16 of one or more stages, and an image-
reproducing system {71. A line-scanning circuit
{8 and a field-scanning circuit 19 are coupled
to the output circuit of video-frequency ampli-
fier 16 through a synchronizing-signal separator
20 and to the signal reproducing system {7, pres-
ently to be described in detail... . .

The stages or units [0—i8, inclusive, and {8—
20, inclusive, may all be of conventional well-
known construction so that detailed illustration
and description thereof are deemed unnecessary
herein. Referring briefly, however, to the opera-
tion of the system described above, television sig-
nals intercepted by antenna circuit 10, I are se-
lected and amplified in radio-frequency ampli-
fier 12 and coupled to the oscillator-modulator 13
wherein they are converted into intermediate-

* frequency signals which, in turn, are selectively

amplified in the intermediate-frequency ampli~
fler 14 and delivered to the detector {5.. The
modulation components of the signal are de-
rived by the detector I8 and are supplied to the
video-frequency amplifier 16 wherein they are
amplified and from which they are supplied to a
brilliancy-control electrode of the image-repro-
ducing system 7 and to the synchronizing-con-
trol elements of the scanning circuits 18 and {9.
The intensity of a scanning ray of system 7 is
modulated or controlled in accordance with the
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video-frequency voltages impressed upon a con-
trol electrode in the usual manner. Scanning
waves are generated in the line-scanning and
fleld-scanning circuits (8 and 19, which are con-
trolled by synchronizing-voltage pulses supplied
from video-frequency amplifier 16, and applied to

the scanning elements of the image-reproducing
system 17 to produce electric-scanning fields, .

]

thereby to deflect the scanning ray in two direc~ -

- tions normal to each other so as to trace a recti-
linear scanning pattern on a screen and thereby
- construct the transmitted image.

Referring now more particularly to the details
of the portion of the system of Fig. 1 embodying
the present invention, there is provided in image-
reproducing system 1 a cathode-ray tube 25
which may be of conventional type except for
the construction of the target electrode thereof.
This cathode-ray tube comprises an envelope in
which is disposed an electron gun including cath-
ode 26, control electrode 27, first and second ac-
celerating anodes 28 and 29, and a collector elec-
trode 30. Line-scanning coils 31, 32 and field-
scanning coils 33, 34 are provided for the cath-
ode-ray tube 25, operating potentials for the tube
being provided from a suitable source of unidi-
rectional operating potential such as battery 36.
The cathode-ray tube 25 includes a target elec-
trode 37, which is of insulating transparent
material, such as mica, adapted to be locally
-heated by the electron beam of the tube when
the beam is incident thereon. The reproducing
system 17 also includes 2 light source 38, a screen
or viewing means 39, and masking means having
& plurality of elementary transparent portions
and a plurality of elementary opaque portions
and interposed in the optical path between the
source 38 and the screen 39. The masking means
comprises a mask 40 having a plurality of ele-
mentary transparent portions and a plurality of
elementary opaque portions, and a mask 41 also
having a plurality of elementary transparent

portions complementary to the opaque portions

of mask 40 and a plurality of elementary opagque
portions complementary to the transparent por-
tions of mask 40. The masks 40 and 41 are ar-
ranged in the optical path at the object and
image planes of a lens 42, which has a single op-

tical axis disposed in the optical path between .

the masks, while a condensing lens 43 is provided
for concentrating the light from source 38 on the
- lens 42. The lens system also includes a lens
44 disposed to project the image of screen 37 on
the screen 38.

. Pig. 2 comprises a schematic diagram for use
in explaining the operating principles of the tele-~
vision signal-reproducing system 11 of the re-
celver of Fig. 1. The arrangement of Fig. 2
comprises an optical system generally similar to
that of Fig. 1 and similar elements in the two
. figures have identical reference numerals.
place of the masks 40 and 41 of Fig 1, however,
there is included in the system of Fig. 2 masks
40’ and 41’ which are completely opaque, each
being effective to block completely at the mask
all of the light in the optical path below the
horizontal plane including the optical axis of the
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path, at the position of the mask, below the hori-
zontal plane including the optical axis of the sys-
tem. Furthermore, it will be seen that the light
which is blocked by mask 41’ is all -that trans-
mitted by the system through the open space
above the mask 40’. Therefore. under normal
conditions, all of the light from the source 38
is completely blocked by either mask 40’ or mask
41’ and no light is incident on the screen 39. If,
now, heated gas currents are passed through the
air near the lens 42, the index of refraction of
elementary portions of the optical path of the
lens system are slightly changed so that masks
40’-and 41’ will no longer be exactly at the focal
points of the lens 42 and a small amount of
light will be passed by the system and fall on the
screen 39 to form an image illustrative of the
flow of thermal currents near the lens 42. How-
ever, the percentage of the total light of the sys-
tem which can be passed by the arrangement
of Fig. 2 is very minute. N

In order to provide a useful amount of light
in a televislon reproducing system utilizing the
principles described with reference to Fig. 2, each
of the masks 40, 41 provided in the system of
Fig. 1 is composed of many elementary transpar-
ent portions and elementary opaque portions as
illustrated by the fragmentary showing of Fig.
3. The lens system of Fig. 1 which has a single
optical axis is so disposed in the optical path
between the source 38 and the screen 38 that,
under normal conditions, the lens system, which
includes the lens 42 interposed in the light path
between the transparent and the opaque portions,
is effective to focus upon the corresponding and
complementary opaque portions of mask 41 at
least a portion, and preferably all, of the light
from the source 38 which passes through the cor-
responding and complementary transparent por-’
tions of mask 40, Preferably one of the masks
is produced as a photographic negative of the
other so that each of the transparent portions
of one mask is exactly complementary to a cor-
responding opaque portion of the other and vice
versa.

The electron beam of tube 25 wher scanned
over the target electrode 37 is cffective to heat
successive elemental areas of the target and

" thereby alter the optical path length of elemen-

tary portions of the optical path through the
lens system in order to vary or decrease the
amount of light blocked from the screen by the
successive opaque portions of the mask 41. The

" intensity of the cathode-ray beam of tube: 25
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lens-system : illustrated. The optical system il-

lustrated in Fig. 2 is one which has been utilized
to investigate the effect of convection currents
by utilizing the principle kriown as the “Schlieren
effect.”

In considering the operation of the arrange-

ment of Fig. 2, it will be seen that the mask 41’

70

is effective to block all of the light in the optical 75

is controlled by control electrode 21 and 2550~
ciated devices in the television receiver in ac-
cordance with the amplitude of the received
television signal, thereby to form a therma) image
of the translated picture on the target 31. ‘The;
effective optical path lengths of elementary por-
tions of the optical path through the lens system
Is caused to vary by variations of the index of re-
fraction of target 37, due to heating, which is in
the optical path, preferably closely adjacent the
lens 42, As-a result, the thermal image devel-
oped on target 37 is reproduced as a visible image
on screen 39 the average brightiiess of which is
limited only by the intensity of the source 38,
so that -any desired image brightness may be
obtained. The control grid 21 and associated ele-
ments in tube 25 are therefore included in a
means for controlling the electron beam in ac-
cordance with a received television signal to form
a visible image of the translated picture on the
viewing means 39. The target electrode 31, fur-
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ther, is included in a temperature-responsive
means for effectively altering the optical path
length of elementary portions of the optical path
“through the lens system for varying the amount
of light blocked from the viewing means 38 by
the opaque portions of mask 41.

In Fig. 4, there is illustrated a modification of
& portion of the reproducing system I7 of the
invention utilizing & single mask in the two op-
tical paths through which the light from the
source is caused to pass in opposite directicns.
The arrangement of Fig. 4 thus comprises a light
source 38, a semi-transparent mirror 59, a mask

81 which may be similar to the mask 40 of Fig.

1, and a concave mirror 52, The remaining por-
< tlons of the system of PFig. 4 are identical to
those of Fig. 1 and similar elements have iden-
tical reference numerals. The mask 51, therefore,
is interposed in two optical paths between the
source 38 and the viewing means 39. Mask §i
is placed at the center of curvature of the con-
cave mirror 52 and the optical system is so dis-
posed that some of the light from source 3§ is
reflected by the semi-transparent mirror 58
through the elementary transparent portions of
mask 51 to the concave mirror 52, the light re-
flected from mirror 52 being normally completely
blocked by the elementary opaque portions. of
mask 51 in a manner similar te that described
above in explaining the operation of the arrange-
ment of Fig. 1. 'The concave mirror 52 which is
disposed in the optical paths of the system is,
therefore, normally effective to focus uponcthe
corresponding opagque portions of mask 5! at least
a portion of the light from source 38 which passes
through the transparent portions of that mask.
The local heating caused by the scanning beam of
tube 25 incident upon the target electrode 37 is
effective to vary the optical path length of ele-
mentary portions of the optical path through the
lens system, thereby to vary the amount of light
blocked from the screen 39 at the opaque portions
of mask 51. The lens 44 serves, as above de-
scribed, to focus the light passed by target elec-
trode 37 as a visible image on screen 39.

In Fig. 5, there is illustrated a portion of a
cathode-ray tube which may be used in an ar-
rangement similar to that illustrated in Fig. 4.
The tube of Fig. 5 comprises an envelope 54, a
target electrode 37 which may be identical to
target electrode 37 of the cathode-ray tube 25,
and a concave mirror 55 formed as a silver de-
posit upon the inner surface of the envelope 54,
the function of mirror 55 being the same as that
of mirror 52 of Fig. 4. The other portions of
the tube of Fig. 5 may be identical to those of
tube 25 and the operation of the tube of Fig. 5
in a signal-reproducing system in accordance
with the invention will be completely understood
from the description given above with reference
fo the arrangement of Fig. 4.

While there have been described what are at
present considered to be the preferred embodi-
ments of this invention, it will be obvious to
those skilled in the art that various changes and
modifications may be made therein without de-
parting from the invention, and it is, therefore,
aimed in the appended claims to cover all such
changes and modifications as fall within the true
spirit and scope of the invention.

‘What is claimed is:.

1. A television signal-reproducing system com-
prising, a light source, a viewing means, masking
means having a plurality of elementary. trans-
parent portions and a corresponding plurality of

3

. elementary opaque portions and interposed in
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the optical path between sald source and said
viewing means, a lens system having g single op-
tical axis disposed in sald optical path and in-
cluding means Interposed In the light path be-
tween said transparent and said opaque portions
normally effective to focus upon said correspond-
ing opaque portions at least a portion of the light
from said source passing through said transpar-
ent portions, means for effectively altering the
optical path length of elementary portions of
the optical path through said lens system for
varying the amount of light blocked from said
viewing means by said opaque portions, and
means for controlling said last-named means in
accordance with a received . television signal to
form a visible image of the translated picture on

~ sald viewing means.
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2. A television signal-reproducing system com-
prising, a light source, a screen, masking means
having a plurglity of elementary transparent por-
tions and a corresponding plurality of elementary
ovagque portions and interposed in the optical
path between said source and sald screen, a lens

system having a single optical axis disposed in

. said optical path and including means interposed
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in the light path between said transparent and
said opaque portions normally effective to focus
upon said corresponding opaque portions at least
o portion of the light from said source passing
through said transparent portions, means for ef-
feciively altering the optical path length of ele-
mentary portions of the optical path through said
lens system for varying the amount of light
blocked from said screen at said opaque portions,
and means for controlling said last-named means
in accordance with a received television signal
to form a visible image of the translated picture
on said screen. )

3. A television signal-reproducing system com-
prising, a light source, & viewing means, mask-

_ ing means having a plurality of elementary trans-

a0
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parent portions and a corresponding plurality of
complementary elementary opaque portions and
interposed in the optical path between said source
and said viewing means, a lens system having a
single optical axis disposed in said optical path
and Including means interposed in the light path
between said transparent and said opaque por-
tions normally effective to focus upon said corre-
sponding said opaque portions at least a portion
of the light from said source passing through
said transparent portiuns, means for effectively
altering the optical path length of elementary
portions of the optical path through said lens
system for varying the amount of light blocked
from said viewing means by said opagque portions,
and means for controlling said last-named means
in accordance with a received television signal
to form a visible image of the translated picture
on said viewing means. '

4. A television signal-reproducing system com-
prising, a light source, a viewing means, masking
means having a plurality of elementary trans-
parent portions and a corresponding plurality of
elementary opaque portions and interposed in
the optical path between said source and said
viewing means, a lens system having a single
optical axis disposed in said optical path and in-
cluding means interposed in the light path be-
tween said transparent and said opaque portions
normally effective to focus upon said correspond-
ing opaque portions substantially all of the light
passing through said transparent portions, means
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for effectively altering the optical path length of
elementary portions of the optical path through
said lens system for decreasing the amount of
light blocked from said viewing means by said
opaque portions, and means for controlling said

- last-named means in accordance with a received:

signal to form a visible image of the translated
picture on said viewing means.

5. A television signal-reproducing system com-
prising, & light source, & viewing means, & mask
having a plurality of elementary transparent por-
tions and a corresponding plurality of elementary
opaque portions and interposed in two optical
paths between said source and said viewing
means, & concave mirror disposed in said optical
paths normally effective to focus upon said cor-

(=]

responding opaque portions at least a portion of

- the light from said source passing through said
transparent portions, means for effectively alter-
ing the optical path length of elementary por-
tions of one of said optical paths through said
lens system for varying the amount of light
blocked from said viewing means by said opaque
portions, and means for controlling said last-
named means in accordance with a received tele-
vision signal to form a visible image of the trans-
lated picture on said viewing means., _

6. A television signal-reproducing system com-
prising, a light source, a viewing means, two mask-
ing devices each having & plurality of elementary
transparent portions and a corresponding plu-
rality of elementary opaque portions and inter-
posed in the optical path between said source
and said viewing means, s lens having a single
optical axis disposed in said optical path between
said ‘devices and interposed in the light path
between said transparent and said opaque por-
tions normally effective to focus upon said cor-
responding opaque portions of one of said masks
at least a portion of the light from said source
passing through said transparent portions of the
other of said masks, means for effectively alter-
ing the optical path length of elementary por-
tions of the optical path through said lens for
varying the amount of light blocked from said
viewing means by said opaque portions, and
means for controlling said last-named means
in accordance with a received television signal

to form a visible image of the translated picture -

on said viewing means,

7. A television signal-reproducing system com-
prising, a light source, a viewing means, two
masking devices each having a plurality of ele-
mentary opaque portions and a corresponding
plurality of elementary transparent portions and
interposed in the optical path between said source
and said viewing means, said elementary -opaque
portions of each of said masks being comple-
mentary to said elementary transparent portions
of the other of said masks, a lens having a single
optical axis disposed in the optical path between
said devices and interposed in the light path be~
tween said transparent and said opaque portions
normally effective to focus upon said correspond-
ing opaque portions of one of said masks at least
a.portion of the light from said source passing
through said transparent portions of the other
of said masks, means for effectively altering the
optical path length of elementary portions of
the optical path through said lens for varying the
amount of light blocked from said viewing means
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- by said opaque portions, and means for control- -

ling said last-named means in accordance with
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the received television signal to form a visible
image of the translated picture on sald viewing -
means, . :

8. A television signal-reproducing system com- .
prising, a light source, a viewing mesns, masking
means having a plurality of elementary trans-
parent portions and a corresponding plurality of
elementary opaque portions and interposed in the
optical path between said source and said view-
ing means, & lens system having a single optical
axis disposed in said optical path and including

‘means interposed in the light path between sald

transparent and said opaque portions normally
effective to focus upon said corresponding opaque
portions at least a portion of the light from sald
source passing. through said transparent portions,
temperature-responsive means for effectively al-
tering the optical path length of elementary por-
tions of the optical path through said lens sys~
tem for varying the amount of light blocked from
sald viewing means by said opaque portions, and
means for controlling said last-named means in
accordance with a- received television signal to
form a visible image of the translated picture
on said viewing means. .
9. A television signal-reproducing system com-
prising, a light source, a viewing means, masking -
means having a plurality of elementary trans-
parent portions and a corresponding plurality of
elementary opaque portions and Interposed in
the optical path between said source and said
viewing means, a lens system having a single
optical axis disposed in said optical path and in-
cluding means interposed in the light path be-
tween said transparent and said opaque portions
normally effective to focus upon said correspond-
ing opaque portions at least a portion of the
light from said source passing through said trans-
parent portions, temperature-responsive means
for effectively altering the optical path length of
elementary portions of the optical path through
said system for varying the amount of light
blocked from said viewing means on said opaque
portions, and means responsive to a received tele-
vision signal for producing a thermal image on .
said last-named means, thereby to form & vis-
ible image of said picture on said viewing means.
10. A television signal-reproducing system com-
prising, a light source, a viewing means, masking
means having a plurality of elementary trans-
parent portions and a corresponding plurality
of elementary opaque portions and interposed in
the optical path between said source and said
viewing means, a lens having a single optical axis
disposed in said optical path and interposed in
the light path between said transparent and said
opaque portions normally effective to focus upon
said corresponding opaque portions a portion of
the light from said source passing through said
transparent portions, a cathode-ray tube includ-
ing a target electrode disposed in said path ad-
jacent said lens, means for scanning said target
electrode with the electron beam of said tube for
effectively altering the optical path length of ele-
mentary portions of the optical path through said
lens system to vary the amount of light blocked -
from said masking means by said opaque por-
tions, and means for controlling the intensity of
said cathode-ray beam in accordance with a re-
ceived television signal to form a visible image of
the translated picture on said masking means.

RUDOLF C. HERGENROTHER.




