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1. 

This invention relates generally to electro 
Optical apparatus and more particularly to elec 
tronic television image tubes. This application 
is a division of a co-pending application of Madi 
son Cawein, Serial No. 489,869, filed June 5, 1943. 
According to conventional practice, numerous 

Optical arrangements have been employed hereto 
fore for increasing the photo efficiency of elec 
tronic television image analyzing and image re 
producing tubes. As is well known, each type of ill 
image tube functions to translate energy from 
One form to another. For this purpose each of 
these tubes utilizes an energy translating element. 
In an image analyzing tube of the dissector type 
the energy translating element is a photoelectrict 
cathode, whereby light energy is translated into 
electronic energy. In the iconoscope and orthicon 
types of image analyzing tubes the energy trans 
lating elements are mosaic surfaces, whereby light 
image reproducing tube the energy, translating 
element is a fluorescent screen, whereby the elec 
tronic energy which impinges thereon is trans 
lated into light energy. - 
In television image tubes, whether, they be: 

analyzers or reproducers, it is desired to utilize 
the available light as efficiently as possible. For 
the present consideration image analyzing tubes, 
of which a charge storage tube is taken as an ex 
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energy is translated into electronic energy. In an 20 

F30 ample, will be spoken of specifically, but it will 
be understood that the statements made herein 
will be equally applicable to other types of image 
analyzing tubes and to image reproducing tubes 
as Well, for the reason that the optical problems 
are Substantially similar. The only difference is & 
that, in the case of the analyzing tube, the prob 
lem is to project the maximum quantity of light 
reflected from the subject upon the photoelectric 
Cathode or mosaic, while, in a reproducing tube, 
the problem is to project the maximum quantity 
of light emitted by the fluorescent screen onto the 
VleWling Screen. 
For maximum photoefficiency the optical sys 

tem employed with a television image tube must 
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have the optimum light gathering property com- :45 
patible with the limitations imposed by the char 
acteristics of the tube. The light gathering prop 
erty of an optical system, such as a lens, is di 
rectly proportional to the square of the diameter 
of the lens aperture and is inversely proportional 
to the Square of the distance which the light must 
travel from the lens to the focal plane. Thus, in 
a given interval of time, the ratio of the focal 
length of a lens to the diameter of the lens aper 

jected upon a charge storage tube photoelectric 
electrode located in the focal plane of the lens. 
Therefore, it follows that, in a given interval of 
time, the smaller this ratio can be made the great 
er will be the light which is incident upon the pho 
toelectric electrode to form the i optical image. 
This ratio is commonly known as the f/number 
of the lens and designates the rapidity or Speed 
thereof, the lower f/numbers being applied to the 
faster lenses. - . 
With tubes having opaque energy translating 

elements, the optical systems which have been 
utilized heretofore have consisted of a lens or a 
system of lenses, necessarily disposed externally 
of the tubes by reason of the requirement that the 
scanning apparatus have unobstructed access, to 
the sensitized surface of the energy translating 
element. Consequently, the aperture and focal 
length of such a lens are limited by the physical 
dimensions of the tube. The tube dimensions are 
determined primarily by considerations. Such as 
the focusing and scanning arrangements required 
for the operation of the tube. Hence, it is seen 
that the minimum f/number of the optical sys 
tem is fixed by the tube dimensions. For example, 
in a charge storage tube, the fastest practical lens 
which may be used successfully is an f/2.5 lens. 

In the operation of television image tubes the 
time during which an optical image is projected 
onto the energy translating element is determined 
by the frame scanning frequency. By reason of 
this limitation, only a relatively small quantity of 
light may be projected upon the photoelectric 
electrode of a charge storage tube to form the 
optical image thereon, when prior art Optical ar 
rangements are used. Since the exposure time of 
the electrode is limited by the frame Scanning 
frequency, the only possible way of projecting 
more light upon the electrode is by utilizing an 
optical system having a speed greater than f/2.5. 
As previously indicated, such an expedient is pro 
hibited where the optical system consists of a lens 
disposed exteriorly of a tube having an opaque 
electrode. 
There remains, however, the alternative of dis 

posing the optical system adjacent the end of the 
tube in which the energy translating element is 
located. By this means it is possible to shorten 
the focal length of the lens sufficiently so that it 
may be placed in such relative proximity to the 
photoelectric electrode that the distance required 
for the light to travel from the lens to the elec 
trode is shortened materially. Such an arrange 
ment permits the use of a much faster lens, say, 

ture is a measure of the light which may be pro- 65 for example, an f/1.5 lens. Since the quantity 
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of light projected onto the electrode varies in 
versely as the square of the f/number, it is seen 
that, by the use of an f/1.5 lens, it is possible to 
project approximately three times as much light 
onto the photoelectric electrode than is possible 
With an f/2.5.lens. . . ; 
There is, however, a disadvantage to this latter 

S 

type of arrangement in that it requires the use 
of a translucent energy translating element. 

face of the electrode, while the electrona image: 

4. 
f/.5 may be constructed. Thus, the use of Such 
an optical system in combination. With a charge 
storage tube, for example, will increase the photo 
efficiency thereof to a marked degree over that ob 
tainable with an f/2.5 lens, as in prior art sys 
tems. Ši Since the light?gathering property of an 
optical system varies inversely as the square of its 
f/number, it is seen that, by using a system hav 

sing a speed of f/.5 instead of a system having 
This, of course, is required since the light, from 10s a speed of f/2.5, the light which is incident upon 
the television. Subject is projected onto one sur the photoelectric electrode of a charge storage 

must be formed on the opposite side-whereby-to 
permit scanning thereof. It is well-known that 
translucent structures of this character are diffic 
cult to form since they must be thin: enough, to 
render them semi-transparent and the photoelec 
tric layer must be of uniform thickness in order 
not to introduce distortions. Obviously, a struc 
ture meeting these requirements has a low photo 
efficiency. As a result the gaininefficiency which 
is obtained by the use of the faster lens system 
is substantially counterbalanced by reason of the 
light loss introduced by the-employment of the 
translucent energy-translating relement. 

In view of the limitations and-disadvantages of 
the attempts which have been-made heretofore 
to increase the photoefficiency of a television 
image tube-by-means of optical-systems disposed 
externally of the tube, it is apparent: that any 
arrangement of this character-will-net produce 
an increase in efficieney-sufficient ordinarily to 
render the use thereof of much practical value. 

..It is an object of the present invention, there 
fore, to provide an electro-optical device in which 
there is incorporated an optical system, whereby 
to increase the photo-efficiency of the device. 

Another-object of the invention is to provide a 
television image tube incorporating an optical 
system having large light gathering properties, 
¥?' to increase-the-photo efficiency of the 
-tube. 

Another object of the invention is to provide 
an improved charge storage tube such-as-an icon 

• Oscope having an opa.etiennesaic, and incorporat 
ing an optical system-of-a-charaeter-to-permit 
orthogonal scanning-of-the mosaic. 
One optical system which possesses; the char 

acteristics required to inerease: the photo-effi 
ciency of a television image tube utilizing, an 
"opaque energy translating-element is the so-called 
Schmidt optical system. Such a system has been 
employed heretofore...in-connection with astro 
nomical telescopes and cameras. Briefly, such a 
system comprises a spherical-reflector, opposite to 
which there is disposed in spaced-relation, a lens 
shaying a configuration suitable to correct for the 
"spherical aberration of the reflector. Approxi 
mately-midway between the reflector- and the cor 
recting lens in the focal plane of they reflector, 
there...is located a spherical-member-having its 
surface disposed parallel-to-the-surface: of the 
reflector. In the case where the system-is-em 
ployed in a telescope, the surface of the: focal 
plane member is the screen upon which the image 
is projected and from which it may be viewed. 
In the case where the system is used with a cam 
era, a photographic film is disposed in the-focal 
plane of the reflector. 
As is well known; the Schmidt-optical system. 

has a large light-gathering property. Conse 
quently, it may be used-advantageously for appli 
cations requiring a wide-angle-coverage together 

kitube is:25;times-greater in the former case than 
it is in the latter-case. 
in accordance with the present invention, there 

is is provided-an-eyacuated envelope having a body 
portion and agstern portion affixed thereto. Adi 

;jacent to the:Wall of the body portion connecting 
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with the stem portion, and within the envelope, 
there is provided an inwardly facing concave 
spherical reflecting surface. Preferably, this sur 
face may beformed on the inside of a spherically 
shaped envelope wall. An aperture is formed in 
this surface to permit communication between the 
body-and-the-stem portions of the tube. The 
-wall of the body, portion, opposite to the wall 
saidjacent to the reflecting: surface, is transparent 
and may be in the forms of a lens: which has 
a configuration suitable to-correct for the spher 
ical-aberration: of the-reflecting-surface. The 
correcting-lenstalternatively may belocated ex 
ternally of the envelope adjacent the transparent 
wall. There also is provided, within the enve 
loperan energy translating element having a con 
vex spherical photoelectric surface, which is ar 
-ranged parallel to the reflecting: surface. The 
energy-translating-element of the tube is located 
-between the correcting lens and the reflecting 
surface in the body portion of the tube. This ele 
ment. has a surface-area, which is small relative 

40 to the surface area of the reflecting surface. The 
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with an extremely-small f/number. For exam 
ple, a Schmidt optical- system having-a-speed-of 

-energy translating element is disposed in align 
ment with-the-aperture: formed in the reflecting 
surface. ... 

There is mounted in the stem portion of the 
tube, electronic apparatusifor-cooperative opera 
tion with-the-energy: translating-element. Also, 
there is disposed adjacent to the stem portion of 
the tube-envelope suitable-apparatus for effecting 
focusing and -scanning, , whereby to enable the 
electronic apparatus to perform its function. 
Also, suitable electrical connections are made 
through the tube envelope to the apparatus 
-mounted-herein. 
In accordance with a specific embodiment of 

the-invention,-the-energy translating element is 
a mosaic surface. The electronic means mounted 
ins the stem-portion of the -tube envelope is an 
electrengun. : 
The focusing- and scanning apparatus utilized 

in-eonnection: with a television image tube in 
aecordance with the instant invention, may be 
electromagnetic and/or electrostatic, as desired. 

. For...a better understanding of this, invention 
together-with other...and further--objects, thereof, 
.reference is had ...to; the following description 
taken in seconnection. With the...accompanying 
drawing- and its scope: Will be...pointed Out in the 
appended claims. - 
; : In the accompanying drawing, the single figure 
is a sectional: view, of an iconoScope: or orthicon 
image - analyzingi tube , embodying: the invention. 

: Referring now to the drawing, there is illus 
trated an iconoscope or orthicon: type: of charge 
storage.tubehaving a glass.envelope. As surround 

c. 15 ing:the main or:bodysportion of the tube: and: a 
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stem portion envelope. 2. The space enclosed 
by the envelopes is evacuated. One end wall 
3 of the body portion of the tube is spherically 
shaped so that a concave surface is formed 
facing inwardly of the tube. The wall 3 is pro 
vided with a centrally disposed aperture, where 
by to provide communication between the body 
and stem portions of the tube. The opposite end 
wall is formed by a transparent lens 4, the outer 
surface of which is flat and the inner surface 
of which has a configuration suitable to correct 
for spherical aberration. The center of curva 
ture for the wall 3 is located approximately at 
the center of the lens 4. 
A layer of light-reflecting material 5 is de 

posited on the concave spherical surface of the 
envelope wall. 3. Preferably, this material is 
gold so that the surface formed is a good re 
flector of invisible light rays, such as the infra 
red rays. However, other materials such as sil 
wer may be employed with substantially equal 
facility. Within the Scope of the invention. The 
reflecting surface 5 is deposited on the glass wall 
by sputtering or any other suitable process. 
An electrical connection 6 is made to the re 

flecting surface 5 and may be extended through 
the tube envelope as shown, or in any other 
Well known manner. ' .. .? 

In the main body portion of the envelope a, 
spider-like supporting structure may be em 
ployed for the photoelectric electrode. As illus 
trated herein, this structure comprises a plurality 
of small stiff wiremembers such as 7 and 8, the 
outer ends of which may be inserted in suitable 
recesses formed in the walls of the envelope . 
The ends of the supporting members T. and 8 
may be anchored in the envelope by fusing, 
cementing, or other suitable means. It is to be 
noted that this specific structure and the speci 
fied means of attaching it to the tube envelope 

6 
Electrical connections to the electrodes mounted 
in the stem portion of the tube are made through 
the press portion of the stem, as shown. 

Referring now to the operation of the embodi 
ment of the invention illustrated, it will be as 
Sumed that light Which is reflected from a sub 

tject is directed through the lens plate 4 from 
the left, as viewed in this figure. This light, 
when reflected from the spherical surface. 5, 
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are merely illustrative, since it is considered to 
be obviously within the scope of the invention 
to provide an equivalent structure of this or 
other form which may be anchored in any other 
Well known manner. 
Each of the supporting members 7 and 8 is 

angularly formed at the inner end thereof and 
serves to support the energy translating ele 
ment. This element may be formed by attach 
ing a suitable metallic backing plate 9 in any 
well known manner to the inner ends of the Sup 
porting members 8. The configuration of the 
backing plate is convex on the side thereof facing 
the reflecting surface 5 and is parallel thereto. 
A mosaic surface may be applied to the Spher 
ically convex surface of the backing plate 9 by 
evaporation or other conventional process. A 
conductor 2 may be attached to the backing 
plate 9 as shown and passed to the outside of 
the tube through a suitable seal formed in the 
central portion of the correcting lens 4. 
A conventional electron gun, electrostatic fo 

cusing apparatus, and electrostatic deflecting 
systems are mounted in the stem portion en 
velope 2. The electron gun comprises a thermi 
onic cathode electron emitter 3 which is heated 
by a filament 4. The gun also includes a grid 
like structure 5 and a first anode 6, the latter 
of which is arranged for cooperative operation 
With a second anode 7, which is in the form 
of a wall coating on the tube envelope. The 
anode structure is for the usual purpose of focus 
ing the electron beam. The deflecting system 
comprises a pair of horizontal deflecting plates 
8 and a pair of vertical deflecting plates 9. 
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forms an optical image on the mosaic surface 
, whereby the light energy is translated into 

electronic energy and creates an electrostatic 
charge image on the mosaic surface. In the 
case that such a tube is used as an iconoscope, 
a high velocity electron beam is caused to scan 
the mosaic surface under the control of the illus 
trated scanning apparatus. The television. Video 
signals thereby generated are applied to con 
ventional amplifying apparatus (not shown) by 
means of the conductor 2 connected to the 
backing plate 9. In the case where the tube is 
to be employed as an orthicon, the mosaic Sur 
face is scanned by a relatively low velocity 
electron beam in a well known manner effected 
by suitable modification of the deflecting System. 
and the voltages applied thereto. 
To those skilled in the art, it will be apparent 

that an image tube according to this invention 
possesses, numerous advantages, irrespective of 
the type of tube. In all types of tubes the photo 
efficiencies thereof are increased to a marked 
degree. Also, tubes embodying the invention 
permit the use of solid or opaque energy trans 
lating elements with all of their inherent advan 
tages. 

In an iconoscope or orthicon, it obviates the 
necessity of angular scanning. The mosaic may 
be scanned Orthogonally and thus there is elimi 
nated the heretofore employed arrangements for 
making a correction for the so-called keystone 
or perspective distortion. 
The photo efficiency of a television image tube, 

or other device embodying the invention, not 
only is increased by the described arrangement, 
but also is maintained constant by reason of the 
fact that the concave light-reflecting member is 
sealed within an evacuated envelope. Thus, the 
reflecting surface is not subject to deterioration 
from such causes as dust, for example. 

It should be noted that it is immaterial 
Whether the outer, inner or both surfaces of the 
correcting lens be curved, so long as this mem 
ber Suitably compensates for the aberration of 
the reflecting member, whereby an undistorted 
image is formed. 
While there has been described what, at pres 

ent is considered the preferred embodiment of 
the invention, it will be obvious to those skilled 
in the art that various changes and modifica 
tions may be made therein without departing 
from the invention, and therefore, it is 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: 
J. An electro-optical device comprising, an 

envelope having two oppositely disposed walls, a 
concave light-reflecting member within said en 
velope adjacent one of said walls and facing the 
other of said walls, a light-refracting member 
mounted in Spaced relation to said reflecting 
member, a photosensitive member capable of 
emitting electrons in accordance with light pro 
jected thereon mounted within said envelope in 
Spaced relationship to said reflecting member 
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and facing it, electronic means for producing. a 
cathode ray within: said: envelope. disposed in 
cooperative relationship to said photosensitive 
member, and means disposed to produce within 
said envelope an electron-deflecting field having 
anii intensity. varying periodically according to a 
predetermined scanning pattern. 

· Ž: A television iconoscope comprising, an en 
velope having...a...: transparent. Wall, a concave 

eflecting member in said. envelope, facing ? . 
asparefit wall, a light-refracting member 
said reflecting member, a convex mosaic 

- ope: disposed in spaced parallel re 
at?oiship, 
eléötrön güEi 

- Ofiship t0. Saidi mOsaic. 
in iconoscope. comprising, an en 

Kopeº - havingº; à transparentº wall, a : spherical 
light-reflecting member in said envelope facing 
said transparent. Wall, a lens... to , correct for 
pherical aberration of said: reflecting member 

disposed in spaced è relation to and facing said. 
reflecting member, a spherical mosaic.disposed in 
said envelope's between said reflecting member 
and said transparent. wail, and having... the 
spherical surface, thereof: parallel to... arid facing 
aid reflecting member, and an electron gun in 

said envelope disposed in cooperative relation 
ship to said mosaic. 

4. A television iconoscope comprising, an en 
velope having a body portion and a stem portion, 
said body portion having a transparent wall, a 
sphericaF light-reflecting member in said body 
portion facing said transparent wall, a lens to 
correct for spherical aberration of said reflecting 
inember formed in said transparent wall, a 
spherical mosaic disposed in said envelope and 
having the spherical surface thereof parallel to 
and facing said reflecting member, an aperture 
formeº in Said reflecting member adjacent to 
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the stem portion of said envelope, an electron 
gun mounted in said stem portion, and -electro 
static focusing and scanning means disposed ad 
jacent to said electron gun. 

5. A television iconoscope comprising, an en 
velope having a body portion and a stem portion, 
said body portion having two oppositely dis 
posed walls, an inwardly facing spherical light 
reflecting member formed in one of said walls, a 
lens to correct for spherical aberration of said 
reflecting member formed in the other of said 
walls, a spherical mosaic disposed in said en 
velope between said walls, and having the spheri 
cal surface thereof parallel to and facing said 
reflecting member, an aperture formed in said 
reflecting wall member to provide communica 
tion between the body and stemportions of said 
envelope, and mounted in said stem portion, an 
electron gun, an annular electrostatic focusing 
electrode... and electrostatic scanning elements 
comprising horizontal and vertical pairs of paral 
lelly arranged spaced plates. - - 

6. A television charge storage image-analyzing 
tube comprising, an envelope having a trans 
parent wall, a concave...light-reflecting ranenber 
in said envelope facing said transparent Wall, a 
light-refracting member to correct for aberra 
tion produced by said reflecting member disposed 
in Spaced relation to said...reflecting member, a 
mosaic. electrode, in said ... envelope. disposed...in 
Spaced relationship, to and facing Said...reflecting 
member; an electron: gun in said envelope dis 
p0Sect in COOperative relationship to said mosaic 
electrode for directing a cathode. Fay... onto...said 
mosaic. electrode, and means for defleeting said 
cathode ray -over, said - mosaic electrode:.to gen 
erate video signals representative of an optical 
image : projected : ento saidi maosaic., electrode... by 
means of Said reflecting member. - 

MADSON CAWEIN, 

  

  

  


