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VARIABLE MAGNIFICATION IMAGE TUBE 

DESCRIPTION OF THE PRIOR ART 

Heretofore, variable magni?cation image intensi?er 
tubes (zoom tubes) have been constructed with a focus 
electrode, a zoom electrode and an anode electrode, 
disposed intermediate the photocathode and the image 
converter screen. The magni?cation of the converted 
image in such zoom tubes has been variable from a low 
range to a high range by varying the potential applied 
to the zoom electrode. However, one of the problems 
with this prior art zoom tube has been that the focus 
voltage required to focus the electron image on the 
image converter screen was substantially different at 
the low end of the magni?cation range as opposed to 
that at the high end of the magni?cation range. Thus, 
when zooming the prior art zoom tube from one end of 
the magni?cation range to the other, the tube required 
refocusing by adjustment of the voltage applied to the 
focus electrode. It would be desirable to provide a 
zoom tube which may be zoomed from one end of the 
magni?cation range to the other without the require 
ment for refocusing. 

SUMMARY OF THE PRESENT INVENTION 

The principal object of the present invention is the 
provision of a variable magni?cation image intensi?er 
tube having improved electron optics. 
One feature of the present invention is the provision, 

in a variable magni?cation image intensi?er tube hav 
ing a focus electrode, a zoom electrode and an anode, 
of dimensioning the electron entrance opening in the 
zoom electrode so that the electron image pattern inci 
dent on the image converter screen is in focus at both 
the high and the low ends of the magni?cation range 
for essentially the same magnitude of focus potential 
applied to the focus electrode, whereby the tube does 
not require refocusing upon zooming from one end of 
the magni?cation range to the other. 
Another feature of the present invention is the same 

as the preceding feature wherein the transverse dimen 
sions of the electron entrance opening in the zoom 
electrode are smaller than those dimensions for such an 
opening which would yield a lower focus potential at 
the high end of the magnification range than at the low 
end of the magni?cation range. 
Another feature of the present invention is the same 

as the ?rst feature wherein transverse dimensions of the 
electron entrance opening in the zoom electrode are 
larger than those dimensions for such an opening which 
would yield a higher focus potential at the high end of 
the magni?cation range than at the low end of the mag 
ni?cation range. 
Another feature of the present invention is the same 

as any one or more of the preceding features wherein 
the focus electrode is connected to the photocathode 
and operated at a constant potential, whereby the com 
plexity of the zoom tube is substantially reduced. 
Other features and advantages of the present inven 

tion become apparent upon a perusal of the following 
speci?cation taken in connection with the accompany 
ing drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal sectional view of a variable 
magni?cation image intensi?er tube incorporating fea 
tures of the present invention, 
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FIG. 2 is a plot of focus potential versus magni?ca 

tion depicting a typical focus voltage characteristic for 
a prior art image intensi?er tube, 
FIG. 3 is a plot similar to that of FIG. 2 depicting the 

focus voltage characteristic of an image intensi?er tube 
incorporating the improved electron optics of the pres 
ent invention, 
FIG. 4 is a plot of focus potential versus magni?ca 

tion for a prior art variable magni?cation image intensi 
?er tube having optics dimensioned such that the re 
quired focus potential increased from the low magni? 
cation end of the range to the high magni?cation end 
of the range, 
FIG. 5 is a plot similar to that of FIG. 4 depicting the 

improved focus characteristics obtained by the elec 
tron optics of the present invention, and 
FIG. 6 is an alternative embodiment of a portion of 

the image intensi?er tube of FIG. 1 delineated by line 
6—6 and incorporating features of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, there is shown a variable 
magni?cation image intensi?er tube 1 incorporating 
features of the present invention. The tube 1 includes 
a vacuum envelope structure 2 having a faceplate 
structure 3 closing off one end and an image converter 
screen 4 closing off the other end of the vacuum enve~ 
lope 2. 
The faceplate 3 includes a circular disc member 

made of a material which is transparent to photons of 
energy emanating from, scattered from, or re?ected 
from an object 5 to be observed. Faceplate 3 may com 
prise a solid disc of material or may comprise a bundle 
of light pipes, such as glass ?bers, for observing objects 
out of a line-of-sight path between the face of the image 
intensi?er tube and the object. As used herein, photons 
are de?ned to include not only those photons within 
the visible spectrum but those within the invisible, such 
as in the infrared range and within the higher energy 
range such as x-rays, gamma rays, etc. The inside sur 
face of the faceplate 3 is provided with a concave sur 
face over which is deposited a transparent conductive 
?lm onto which is deposited a photocathode layer 6 
which is responsive to the wavelength of the photon en~ 
ergy emanating from the object 5. One suitable photo» 
cathode material includes a multi alkaline photocath 
ode material, such as a composition of sodium, potas 
sium, cesium and antimony. The faceplate disc 3, as of 
glass, is sealed to a metallic frame 7 as of Kovar which 
in turn is sealed to a sealing ring 8, as of Kovar, dis 
posed at one end of the envelope 2. 
The image converter screen 4 includes an optically 

transparent disc 9, as of glass or a bundle of glass ?bers, 
having a conventional ?uorescent phosphor material 
10 which fluoresces upon being impacted by electrons 
deposited on an inside concave surface thereof and 
over which is deposited a thin conductive layer, as of 
aluminum. A typical phosphor would comprise, for ex 
ample P-20 phosphor of zinc and cadmium sul?de par 
ticles. The transparent disc 9 is sealed to a metallic 
frame member 11, as of Kovar, which in turn is sealed, 
as by welding, to a Kovar frame member 12 provided 
at the end of the vacuum envelope structure 2. 
A composite electrode structure is provided within 

the tube intermediate the photocathode 6 and the 
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image converter screen 10 for focusing and accelerat 
ing the electron image emitted from the photocathode 
6 onto the image converter screen 10 to produce an in 
tensi?ed optical image at the converter screen 10. The 
electrode structure includes an annular focus and gate 
electrode 13, followed by an annular zoom electrode 
14, which in turn is followed by an annular anode elec 
trode 15 conductively connected to frame member 12 
for operation at the same potential as the image con 
verter screen 10. 
The focus and gate electrode 13, as of stainless steel, 

includes an electron entrance opening 16, at the end 
thereof facing the photocathode 6, and a constricted 
electron exit opening 17. The focus and gate electrode 
13 is supported from the envelope 2 via the intermedi 
ary of an annular metallic frame member 18, as of Ko~ 
var, which forms a portion of the envelope 2 and a ter 
minal for application of a focus potential, as of +300 to 
—l00 volts relative to the photocathode 6, thereto. 
Frame 18 is insulated from the photocathode 6 via the 
intermediary of a cylindrical insulator section 19 of the 
envelope 2, as of glass. 
The zoom electrode 14, as of stainless steel, has a 

constricted electron entrance opening 21 of a diameter 
d and which is disposed substantially in the plane of the 
constricted electron exit opening 17 in the focus and 
gate electrode 13. The downstream end of the zoom 
electrode 14 includes an electron exit opening 22 
which is of constricted diameter compared to the mid 
portion of the zoom electrode. The zoom electrode 14 
is carried from the vacuum envelope via an annular me 
tallic frame 23, as of Kovar. The frame 23 is sealed into 
the vacuum envelope 2 via annular glass insulators 24 
and 25, respectively, to permit an independent poten 
tial as of +1.5 KV to +12.5 KV to be applied to the 
zoom electrode 14 relative to the photocathode 6. 
The anode electrode 15, as of stainless steel, includes 

an electron entrance opening 26 of constricted inside 
diameter compared to the diameter of the remaining 
portion of anode 15. The electron entrance opening 26 
of the anode 15 is positioned within the electron exit 
opening 22 of the zoom electrode 14. 

In operation, electron images emitted from the pho 
tocathode 6 are focused by the focus electrode 13 
through the entrance opening 21 in the zoom electrode 
14 and thence focused through the electron entrance 
opening 26 of the anode onto the image converter 
screen 10. Such electron images are accelerated from 
zero potential to approximately 15 KV and strike the 
image converter screen 10 with a relatively high energy 
to produce a substantial intensi?cation of the con 
verted optical image produced at the image converter 
screen 10 compared to the brightness of the image re 
ceived by the photocathode 6. 
The tube 1 is operable over a certain magni?cation 

range, as of from 0.3 to 1.0, in variable accordance 
with the potential applied to the zoom electrode 14 rel 
ative to the potential applied to the photocathode 6. 
More particularly, with a relatively low potential ap 
plied to the zoom electrode 14, as of +1.5 KV, the en 
tire electron image obtained from the photocahtode 6 
is focused over the entire surface of the image con 
verter screen 10, whereas when a relatively high poten 
tial, approaching the anode potential, as of +12.5 KV, 
is applied to the zoom electrode 14, only approximately 
a central one-third of the electron image produced by 
the photocathode 6 fills the image converter screen 10. 
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4 
It has been discovered that there is an optimum diam 

eter d for the electron entrance opening 21 in the zoom 
electrode 14 which will permit varying or zooming the 
magni?cation from the low end of the magni?cation 
range, as of from 0.3, to the high end of the magni?ca 
tion range, as of 1.0, while allowing the same focus po 
tential V, to be applied to the focus electrode 13 at 
both ends of the range. More particularly, in the prior 
art, the diameter d of the electron entrance opening 21 
in the zoom electrode 14 was other than an optimum 
diameter such that the focus potential had to be 
changed for each different setting of the magni?cation 
and was different at both ends of the range. For exam 
ple, when the diameter d of the electron entrance open 
ing 21 was larger than the optimum diameter, the focus 
potential characteristic was as shown in FIG. 2, 
whereas when the diameter of the electron entrance 
opening 21 was smaller than the optimum diameter the 
focus potential characteristic was as shown in FIG. 4. 
This prior art focus potential versus magni?cation 

characteristic was troublesome since when zooming the 
tube from one end of the range to the other the focus 
potential had to be changed to obtain a focus of the im 
age. However, when the diameter d of the electron en 
trance opening 21 in the zoom electrode 14 is selected, 
during fabrication of the tube, to have the optimum di 
ameter, the focus potential is the same at the low end 
of the magni?cation range as it is at the high end of the 
magni?cation range, as shown in FIGS. 3 and 5. For the 
focus characteristic as shown in FIG. 2, the optimum 
diameter for the electron entrance opening 21 in the 
zoom electrode 14 is decreased to obtain the character 
istic for the optimum diameter, as shown in FIG. 3. 
When the focus potential characteristic is as shown in 
FIG. 4 the diameter 3 for the electron entrance opening 
21 in the zoom electrode 14 is increased to obtain the 
characteristic as shown in FIG. 5. In a typical example, 
wherein the photocathode 6 had a diameter of 6 inches, 
the prior art electron entrance opening 21 of the zoom 
electrode 14 had a diameter of 1.65 inches. This re 
sulted in a focus potential characteristic as shown in 
FIG. 2. By decreasing the diameter d of the electron en 
trance opening 21 of the zoom electrode from 1.65 to 
1.00 inch the-focus characteristic was changed to that 
as shown in FIG. 3 such that the focus potential was the 
same at the low and high ends of the magni?cation 
range, thereby avoiding the necessity of refocusing 
tube on zooming from the low to the high end of the 
magni?cation range. 

In the tube of FIG. 1 the structure is essentially a tet 
rode in that four independent potentials are applied to 
the electrode structures. The focus electrode 13 is also 
employed as a gate for gating on and off the electron 
image to the image converter screen 10 for controlling 
the gain of the image intensi?er tube. The discovery of 
an optimum diameter for the electron entrance open 
ing 21 in the zoom electrode 14 permits construction 
of a triode image intensi?er tube, provided that gain 
control is not desirable. Such a triode construction is 
depicted in FIG. 6. 

Referring now to FIG. 6, there is shown an alterna 
tive triode embodiment of the present invention 
wherein the structure is essentially the same as that of 
FIG. 1 except that the focus electrode 13 is conduc 
tively connected to the photocathode 6 and operated 
at photocathode potential. The focus electrode 13 is 
dimensioned relative to the dimensions of the zoom 
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electrode 14 and to the dimensions of the photocath 
ode 6 such that at one end of the magni?cation range, 
the focus potential is 0 volts. The diameter d of the 
electron entrance opening 21 of the zoom electrode 14 
is then dimensioned for the optimum diameter such 
that the 0 volt focus potential is the same at the high 
and low ends of the magni?cation range. In this manner 
a separate focus potential is not required and the con 
struction of the tube is substantially simpli?ed, In this 
embodiment, the annular frame member 8 is extended 
to the frame member 18 which in turn holds the focus 
electrode 13. 
Since many changes could be made in the above con 

struction and many apparently widely different em 
bodiments'of this invention could be made without de 
parting from the scope thereof, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as il 
lustrative and not in a limiting sense. 
What is claimed is: 
1. In a variable magni?cation image intensi?er tube, 

means forming a photocathode for converting a photon 
input image incident upon said photocathode into an 
electron image pattern emitted from said photocath 
ode, an image converter screen for converting the elec 
tron image pattern into an intensi?ed output optical 
image, means forming an electrode structure disposed 
intermediate said photocathode and said image con 
verter screen for accelerating and focusing the emitted 
electron image pattern onto said image converter 
screen, said electrode structure including an anode 
electrode means, a zoom electrode means, and a focus 
electrode means, said zoom electrode means being dis 
posed between said photocathode and said anode elec 
trode for varying the magni?cation of the electron 
image incident on said image converter screen over a 
certain range of magni?cation having a high end and a 
low end in variable accordance with a potential applied 
to said zoom electrode means, said zoom electrode 
having an electron entrance opening and an electron 
exit opening through which electron images pass to said 
converter screen, said focus electrode means being dis 
posed imtermediate said zoom electrode and said pho 

6 
tocathode for focusing the electron image upon said 
image converter screen, 

the improvement WHEREIN, the size of said elec 
tron entrance opening is dimensioned such that the 

5 electron image pattern incident on said image con 
verter screen is in focus at both the high and low 
ends of said magni?cation range for substantially 
the same magnitude of focus potential applied to 
said focus electrode means. 

2. The apparatus of claim 1 wherein said photocath 
ode is concave having a concave surface facing said 
zoom electrode means, said focus electrode is annular 
having an electron entrance opening and an electron 
exit opening of smaller dimensions than said electron 
entrance opening in said focus electrode means, and 
wherein said electron entrance opening in said zoom 
electrode is positioned substantially at said electron 
exit opening of said focus electrode means and is of 
constricted transverse dimensions compared to the 
transverse dimensions of the midportion of the electron 
passageway through said zoom electrode means. 

3. The apparatus of claim 2 wherein said anode elec 
trode means is annular having an electron entrance 
opening and an electron exit opening, said electron en 
trance opening in said anode_e‘lec_t*ro_debeing of smaller 
trah's?afse (ii-r;egionsmthanw said electronTit'opening 
of said anode electrode, and said electron entrance 
opening of said anode electrode being disposed within 
the electron passageway of said zoom electrode means. 

4. The apparatus of claim 1 wherein said transverse 
dimensions of said electron entrance opening in said 
zoom electrode are smaller than those dimensions for 
such an opening which would yield a lower focus po 
tential at the high end of the magni?cation range than 
at the low end of the magni?cation range. 

5. The apparatus of claim 1 wherein said transverse 
dimensions of said electron entrance opening in said 
zoom electrode are larger than those dimensions for 
such an opening which would yield a higher focus po' 
tential at the high end of the magni?cation range than 
at the low end of the magni?cation range. 

* * * * * 
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