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This invention pertains to an image intensifier having 
improved uniformity and resolution and more particularly, 
to an image intensifier having a photo-cathode, an electron 
multiplier and a phosphor screen. An embodiment of 
the invention is especially adaptable for use with color 
filters to provide multicokor intensification. - 

It is an object of this invention to provide an image 
intensifier having a photo-cathode, an electron multiplier 
and a phosphor screen which are moved transversely to 
the direction of the image source, such as by rotation 
about an axis parallel to the direction of the image source, 
to cause deffrent portions of the various components of 
the image intensifier to amplify a given line of light from 
the image to improve resolution and uniformity. 
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40 which is made of a material well-known to the art, 
that receives the electrons from array 32 on one side 
and emits corresponding light rays from the other side 
thereof to provide an image similar to the image received, 
by array 32, but intensified due to the action of the in 
dividual multiplier tubes 34. A lead 42 is connected, 
to screen 40 to provide a voltage thereto. . 

Leads 31, 36, 38 and 42 extend through the glass wall 
of enclosure 20 and are connected to corresponding con 
ductive rings 31a, 36a, 38a and 42a formed on the outer 
periphery of enclosure 20. Wipers 31b, 365, 3Sb and 
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Another object of this invention is to rotate the above 
intensifier device' with a pair of color filters, one on either 
side of the intensifier to provide color intensification. 
These and other objects will become more apparent 

when preferred embodiments of this invention are con 
aidered in connection with the drawings in which: 
FIGURE 1 is a cut-away view in perspective of an 

image intensifier of this invention; . . . . 
FIGURE 2 is a simplified exploded view of a device 

using color filtersion either side of an intensifier unit for 
color intensification and . 
FIGURE 3 is a simplified perspective view of a device 

having color filters fused to an intensifier unit. 
Glass envelope 20 is evacuated and hermetically sealed, 

is circular in shape and has a ring gear 22 attached to 
its outer circumference. A pinion gear 24, driven by 
motor 26, engages ring gear 22 to rotate envelope 20 at 
a predetermined rate of speed. Idler gears 28 are posi 
tioned about ring gear 22 to facilitate rotation while cen 
tering gear 22. 

Located inside envelope 20 and fused to a wall thereof 
is photo-cathode 30 which is constructed of material well 
known to the art for converting light rays impinging on 
one side thereof to corresponding electron emission from 
the other side thereof. A lead 31 is connected to 
cathode 30. 

Located adjacent photo-cathode 30 is an array 32 of 
channel multipliers of the type disclosed in Patent No. 
3,128,408 entitled "Electron Multiplier" filed April 20, 
1960 by myself and W. C. Wiley which is the continuation 
in-part of an earlier application. Array 32 may be flush 
: photo-cathode 30 or may be spaced slightly there 
rol. 

Each tube or channel 34 of array 32 is formed of an 
insulative material with a high resistive coating on the 
inside of the tube and with the tube diameter being rela 
tively small compared with the tube length so that random 
velocities of electrons entering the tube will cause the 
electrons to impinge upon the resistive coating, causing 
secondary emission and multiplication as disclosed in the 
above application. 
The ends of the tubes on one side of array 32 are elec 

trically connected to each other and to lead 36. The ends 
of the tubes on the other side of array 32 are electrically 
connected to each other and to lead 38. An accelerating 
field across the tubes can be provided by applying the to 
proper voltage to leads 36, 38. 

Adjacent to the other side of array 32 is phosphor screen 
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42b are in contact respectively with conductive rings 3a, 
36a, 38a and 42a to provide these rings and their cor 
responding voltage leads, with voltages from source 44. 
For a particular application, these voltages may be a 
minus 1700 volts applied to rings 31a, a minus 1500 volts 
applied to ring 36a, a plus 1500 volts applied to 38a . 
and a plus 1700 volts applied to ring 42a. This would 
provide photo-cathode with a voltage of minus 1700 volts, 
one end of array 32 with minus 1500 volts and the other. 
end of array 32 with a plus 1500 volts and phosphor screen 
with 1700 volts. Therefore, electrons emitted by photo 
cathode 30 would be attracted to array 32, accelerated. 
therein, and then attracted to phosphor screen 40. . 

While the use of photo-cathode 30 is preferred, it is 
possible to project an image from the direction of arrow, 
29 directly onto the open ends of tubes 34 of multiplier 
array 32, 
By revolving glass envelope 20 and the components: 

therein, through means of motor 26 and gears 24 and 22, 
the various lines of the projected image from direction. 
of arrow 29 will be amplified by successively different por 
tions of 
phosphor screen 40. If the rotation is at a rate sufficiently 
high that several portions of the intensifier device pass 
before each point of the projected image during the reten 
tive period of the eye, which is about is to 60 of a 
second, then an averaging of these several portions will 
occur to the eye. Of course the higher the rotative speed 
the greater the averaging will be and the averaging near 
the outer circumference of the multiplier device will be 

greater. This is desirable since it is the outer portions. 
of a projected image that benefit the most from improved 
uniformity and resolution which result from the averag 
ing effect. 'v 
The speed of rotation, however, is limited by the "per 

sistence" of the material used in the phosphor screen 40. 
For example, if the phosphor screen 40 continued to : 
glow after being energized while the multiplier has rotated, 
a blurring would occur. For this reason "fast' phosphors. 
are preferred in phosphor screen 40 so that the phosphor 
persistence is kept to a minimum. By making the phos 
phor screen 40 separate from array 32, it could be rotated 
at a lower rate than the array 32 and, this blurring would 
be eliminated even though the multiplier array 32 con 
tinued to rotate at a relatively high rate. 
Due to the large number of tubes in array 32, the ro 

tative speed need not be great to have a given point of 
the image amplified by several tubes within the eye reten 
tivity time to achieve the averaging effect. Also, a device. 
can be constructed wherein the photo-cathode, amplifier 
section and phosphor can be moved independently of one 
another. . 

The device thus described is adaptable to color intensi-. 
fication by simply placing filters adjacent the photo 
cathode 30 and a filter adjacent the phosphor screen 40. 
In FIGURE 2, which is an exploded view of a color 
intensifier, is shown transmission filters 50, 52 for primary: 
colors placed on either side of a multiplier 54 which may 
be like the multiplier 20 shown in FIGURE 1, and rotat 

photo-cathode 30 and multiplier tubes 34, and 
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able with the filters 50, 52. Each filter 50, 52 is divided 
into pie shaped sections of the primary colors with two 
sets of colors included on each filter so that there are 
two blue sections, two red sections and two yellow Sec 
tions on each filter. For faithful color transmission, the 
color section of each filter should correspond exactly to 
the color sections of the other filter and the filters are 
rotated at the same speed. The arrangement, shape and 
number of color sections may be varied as long as the two 
filters correspond to each other. In fact, the number of 
color sections, or sets of primary colors, on each filter 
would be increased in normal usage so that for a given 
speed of rotation, more sets per second would pass the 
eye. 
The filters may be fused as shown in FIGURE 3 to the 

outside of the intensifier section 54 or fused directly to 
the photo-cathode and phosphor screen inside the inten 
sifier 54 or otherwise fixed to the intensifier. Motor 56 
drives pinion 58 which engages ring gear 60 supported by 
idlers 62. Also, the filters could be separate from the 
intensifier 54 and rotated in synchronism at a preferred 
speed, while the intensifier is rotated at another speed. 
To explain the manner in which the color intensifica 

tion takes place, we will assume that the device shown 
in FIGURE 2 is stationary. An image, sych as an auto 
mobile, is formed on filter 50 and each portion of the filter 
transmits its own color component of the image to in 
tensifier 54 so that the blue sections transmit only the 
blue color of the image, the red sections transmit only 
the red sections of the image and the yellow sections trans 
mit only the yellow portions of the image. 
The light received by the intensifier 54 corresponds in 

intensity to the amount of the particular color of the 
image that is transmitted by a particular filter. If there 
is a large portion of blue in the image, then the intensity 
or amount of energy falling upon the intensifier from the 
blue filter will be large. After amplification by intensifier 
54, this energy in the form of light waves will pass through 
a corresponding wedge of filter 52 which changes all light 
falling on it to blue, and we have an intensified reproduc 
tion of the blue portion of the image visible on filter 52. 
This is also true for the red and yellow portions. 
Now by rotating the unit with sufficient speed so that 

at least one set of the primary colors passes a given point 
during retentivity time of the eye, the colors will merge 
to form a color image to the eye similar to the color image 
on filter 50. ad 

Also, the filter sections can be chosen so that infrared 
or ultra-violet wavelengths can be detected. If the first 
filter has sections that pass only ultra-violet or infrared 
and the second filter has corresponding sections that pass 
a particular visible color, the infrared or ultra-violet radi 
ations will be presented by that particular visible color. 
The wavelength of received light may be transformed 

in any desired manner by designing the first filter, corre 
sponding to filter 50, to pass wavelengths desired to be 
altered, passing through a converter such as a photo 
cathode, which changes all wavelengths into an inter 
mediate energy source such as electrons and then pass 
through a member to convert back into light waves, as 
with a phosphor member, and then through a second 
filter which passes only the wavelengths which are desired 
to be seen. 
Of course, other color combinations than those indi 

cated by the drawing can be used. Also the movement of 
the intensifier section may be other than rotative to im 
prove the resolution and uniformity. For example, oscil 
latory movement may be used. Other multiplier devices 
than the one illustrated in the preferred embodiment may 
be used and if the movement as described is imparted to 
the multiplier device, the advantages of this invention will 
acCre. 

Although this invention has been disclosed and illus 
trated with reference to particular applications, the prin 
ciples involved are susceptible of numerous other appli 
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4. 
cations which will be apparent to persons skilled in the 
art. The invention is, therefore, to be limited only as 
indicated by the scope of the appended claims. 

Having thus described my invention, I claim: 
1. Apparatus for multiplying a two dimensional infor 

mation conveying signal comprised of unit portions com 
prising 

particle multiplying elements, 
said particle multiplying elements arranged in a two 

dimensional array for receiving and multiplying the 
two dimensional signal, 

electron receiving means for receiving the multiplied 
two dimensional signal, 

means for moving said particle multiplying elements 
coupled to said multiplying elements relative to the 
two dimensional signal at a sufficient rate so that the 
unit portions of the signal are multiplied by a plu 
rality of multiplying elements without substantially 
changing the field of view resulting in a multiplica 
tion by an average of the multiplying elements, there 
by improving resolution and uniformity, and 

envelope means for enclosing said particle multiplying 
elements. 

2. The apparatus of claim 1 with each of said particle 
multiplying elements comprising 
a surface defining a tubular passage, 
each of said passages having its longitudinal dimension 

substantially greater than its diameter, e 
said surfaces being disposed in closely spaced relation 

ship, 
said surfaces being disposed in fixed relation to one 

another, 
said surfaces being substantially parallel to each other 

to form an array of passages, 
the ends of said surfaces at one end of said array being 

substantially coplanar and the ends of said surfaces 
at the other end of said array being substantially 
coplanar, 

each of said surfaces having resistive and secondary 
electron emissive properties, 

said plurality of surfaces being adapted for connection 
at each end of the array to a voltage source to pro 
duce an electrical current flow through said resistive 
and secondary electron emissive surfaces to produce 
an electrical field in said tubular passages. 

3. An image intensifier device for receiving and inten 
sifying an image comprising, 

light responsive particle emitting means, 
particle amplifying means for amplifying the particles 

emitted from said emitting means and being posi 
tioned to receive the particle emission from said emit 
ting means, 

phosphor means being positioned to receive the ampli 
fied particles from said amplifying means, 

said emitting means, amplifying means, and phosphor 
means each being a composite of elements, 

means coupled to at least one of said emitting means, 
amplifying means, and phosphor means to move at 
least one of said emitting means, amplifying means, 
and phosphor means relative to the received image 
at a sufficient rate so that different portions of said 
at least one means intercept and respond to a given 
point of said received image without changing sub 
stantially the field of view to improve' resolution 
and uniformity in the intensified image. 

4. An image intensifier device for receiving and in 
tensifying an image comprising 

light responsive particle emitting means being adapted 
to receive the image to be intensified, 

particle amplifying means for amplifying the particles 
emitted from said emitting means and being posi 
tioned to receive the particle emission from said emit 
ting means, 

phosphor means for receiving the amplified particles at 
its input side and emitting light waves corresponding 
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to sail received annplifical particles at its output side, 
said phosphor means being positioned to receive the 

amplified particles from said amplifying means, 
means couplel to at least one of said emitting means, 

amplifying, means, and phosphor means to move at 
least one of said ?emitting means, amplifying means, 
and phosphor means relative to the received image 
at a sufficient rate so that different portions of said 
at least one means intercept and respond to a given 
point of said received image without changing sub 
stantially the field of view, to improve resolution and 
unifornity in thc intensified image, 

cnvelope means for enclosing said emitting means, am 
plifying means, and phosphor means. 

5. An image intensifier device for receiving and in 
tensifying an image comprising 

light responsive particle emitting means being adapted 
to receive the image to be intensified, 

particle amplifying means for amplifying the particles 
emitted from said emitting means and being posi 
tioned to receive the particle emission from said 
emitting means, 

phosphor means being positioned to receive the ampli 
fied particles from said amplifying means, 

means coupled to at least one of said emitting means, 
amplifying means, and phosphor means to move 
repetitiously and continuously at least one of said 
emitting means, amplifying means, and phosphor 
means relative to the received image at a sufficient 
rate so that different portions of said at least one 
means intercept and respond to a given point of said 
received image without changing substantially the 
field of view to improve resolution and uniformity 
in the intensified image, 

envelope means for enclosing said emitting means, am 
plifying means, and phosphor means. . 

6. An image intensifier device for receiving and inten 
sifying an image comprising 

light responsive particle emitting means being adapted 
to receive the image to be intensified, 

particle amplifying means for amplifying the particles 
emitted from said emitting means and being posi 
tioned to receive the particle emission from said 
emitting means, 

phosphor means being positioned to receive the ampli 
fied particles from said amplifying means, 

means coupled to at least one of said emitting means, 
amplifying means, and phosphor means to move 
rotatively and continuously at least one of said emit 
ting means, amplifying means, and phosphor means 
relative to the received image at a sufficient rate so 
that different portions of said at least one means 
intercept and respond to a given point of said re 
ceived image without changing substantially the field 
of view to improve resolution and uniformity in the 
intensified image, 

envelope means for enclosing said emitting means, am 
plifying means, and phosphor means. 

7. The image intensifier of claim 5 with said amplify 
ing means comprising 

an array of individual particle amplifying tubes, 
each of said tubes having a continuous resistive sec 

ondary emissive coating therein, 
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6 
voltage means being connected across said tubes to es 

tablish a continuous voltage change along said sec 
ondary emissive resistive surface. 

8. An image intensifier device for receiving and inten 
sifying an image comprising 

light responsive particle emitting means being adapted 
to receive the image to be intensified, 

particle amplifying means for amplifying the particles 
emitted from said emitting means and being posi 
tioned to receive the particle emission from said 
emitting means and being positioned to receive the 
particle emission from said emitting means, 

phosphor means being positioned to receive the ampli 
fied particles from said amplifying means, 

means coupled to said emitting means, amplifying 
means, and phosphor means to move said emitting 
means, amplifying means, and phosphor means rela 
tive to the received image at a sufficient rate so that 
different portions of said means that are moved in 
tercept and respond to a given point of said received 
image without changing substantially the field of 
view to improve resolution and uniformity in the 
intensified image, 

envelope means for enclosing said emitting means, am 
plifying means, and phosphor means. 

9. The intensifier of claim 4 with 
a first color filter means being placed between the 

image to be intensified and the light responsive par 
ticle emitting means, 

a Second color filter means being placed at the output 
side of said phosphor means, V 

said first and second color filter means being divided 
into color Zones whereby images may be intensified 
in color, 

10. The intensifier of claim 9 with 
said first and second color filter means having substan 

tially identical color zones and being in rigid rela 
tionship to the particle amplifying means. 

11. The intensifier of claim 9 with 
said envelope means having two supporting walls sub 

stantially parallel to one another, 
Said first color filter means being fused to one of said 

walls and said second color filter means being fused 
to the other of said walls. 

12. The apparatus of claim 2 with 
voltage means being connected to each end of the array 

to produce an electrical current flow through said 
resistive and secondary electron emissive Surfaces to 
produce an electrical field in said tubular passage. 
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