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This invention relates generally to electron 
tubes and is particularly directed to an improved 
form of cathode ray tube having an output cur 
rent which is a function of the values of one, two 
or more independent input currents. The pres 
ent invention is a continuation-in-part of my 
copending application, “Apparatus and Methods 
for Use in Color Reproduction,” Serial No. 
702,173, filed October 9, 1946, now Patent No. 
2,560,567, issued July 17, 1951. 

In electronic circuits and apparatus it is Often 
desirable to generate a current whose relation 
ship to an input current is complex. Such rela 
tionship may, for example, be empirically de 
termined for a given application or for a given 
set of data. To ilustrate, it is well known in 
the art that equipment exists by which an out 
put current may be derived having a logarithmic 
relationship to an input current or voltage. 
Similarly an output current may be anti-log 
arithmic with respect to an input electrical 
phenomenon. The problem under discussion, 
however, assumes the desirability of obtaining an 
output electric current which bears a more com 
plex relationship to an input electrical phe 
homenon than can be accomplished by presently 
available conventional equipment. 

Moreover, it is often desirable to produce an 
output current whose value is a function of not 
one but two or more independent input electrical 
values, and such relationship may itself be com 
plex and perhaps discontinuous with respect to 
one or more of the input values. A particularin 
stance of the problem is found in electric cir 
cuits used for color correction in preparing color 
separation plates or negatives in the printing art, 
all discussed more fully in my aforesaid copend 
ing application. 
By the present invention I propose to modify 

the construction of a conventional cathode ray 
tube by omitting the fluorescent target screen 
and Substituting therefor a collector electrode. 
An additionai electrode, which may be referred to 
herein as the “pattern electrode,” is provided 
between the deflecting means of the cathode ray 
tube and the collector electrode so that the addi 
tional electrode is in the path of the electron 
beam. This latter electrode, in one form of my 
invention, may be perforated with a very large 
number of apertures of varying sizes with the 
result that the number of electrons which suc 
ceed in reaching the collector electrode in the 
end of the tube is a function of the position of 
the electron beam Within the tube. Input sig 
mals impressed upon the deflecting means of the 
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2 
tube control the position of the electron beam 
and thereby govern the number of electrons 
reaching the collector electrode. 

In a diferent form of the present invention 
the colector electrode may be disposed around 
the inner surface of the cathode ray tube and 
the additional pattern electrode previously re 
ferred to may be positioned near the end of the 
tube. In this structure the pattern is formed 
not by perforations but rather by two materials 
having differing secondary emissions charac 
teristics. Electrons dislodged from the pattern 
electrode by secondary emission are collected by 
the colector electrode. In common with the 
form of the invention first referred to, this de 
vice will provide an output current carried by the 
Collector electrode Which is a function of the 
position of the electron beam in the tube. 

In yet another embodiment of the present in 
vention I may combine the features above de 
scribed by providing a perforated pattern elec 
trode made of a materiai having a high second 
ary emission characteristics. In this structure 
I provide two collector electrodes so positioned 
and maintained at such positive potentials that 
the current flow in One collector electrode is 
caused by secondary emission electrons from the 
pattern electrode, While the current fiOW in the 
other colector electrode is caused by electrons 
which have passed through the apertures of the 
pattern electrode. Thus two output currents 
may be obtained, one from each of the collector 
electrodes, and the values of each of such cur 
rents may be made to assume desired values 
dependent upon the position of the electrombeam 
as controlled by input signals applied to the de 
fecting means of the tube. 

in each form of the invention the collectol 
electrode or electrodes are maintained at high. 
positive potentials by any suitable means in 
customarymanner. Forreasons appearing here 
inafter the Voltage need not be So high as in 
usual cathode ray tube practice when using the 
instrument as a Ineasuring or indicating device. 
The pattern electrode is maintained at a posi 
tive potential somewhat lower than that of the 
colector electro de or electrodes. 
From this general description, it will be readily 

apparent that any desired pattern may be repro 
duced on the pattern electrode in order to pro 
duce any desired value of Gutput current for any 
iven position of the electron beam. Therefore, 

if input electrical phenomena are caused to Silift 
the beam as by electrostatic deflection or electro 
magnetic deflection, the resultant output current 
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in the collector electrode or electrodes will be 
Whatever function of the two input electrical 
phenomena is dictated by the arrangement of 
electron-affecting areas of the pattern electrode. 
An object of my invention is, therefore, to 

disclose an improved cathode ray tube. 
Another object of the invention is to provide 

in a cathode ray tube a collector electrode and 
a pattern electrode for supplying an output signal 
having a value dependent upon the bi-directional 
deflected position of the electron beam. 
A further object is to provide means for supply 

ing two output electric Signals having desired 
complex relationships to one or more input elec 
tric signals. 
A further object of the invention is to provide 

Such a device using a pattern electrode capable 
of Secondary emission. 

Still another object of the invention is to dis 
close a modified cathode ray tube Wherein a high 
frequency electric value may be Superimposed 
upon a signal impressed on a deflecting means 
of the tube. 
These and other objects and purposes of the 

invention will become apparent from a careful 
study of the following description of typical em 
bodinhents thereof. In the draWing I have illus 
trated exemplary forms by which the invention 
may be practiced, and in Said draWing: 

Fig. 1 is a side elevational view, in section, of 
a cathode ray tube including a perforated pat 
tern electro de in accordance with my invention. 

Fig. 2 is a side elevational View in section of a 
modified form of my invention wherein one Sur 
face of the pattern electrode is made up of two 
materials having diferent secondary emission 
characteristics. 

Fig. 3 is a fragmentary view in side elevation 
of the target end of a cathode ray tube Showing 
a further modification of my invention. 

Fig. 4 is a fragmentary view on a greatly en 
arged Scale and taken on line IV-IV of Fig. 1 
showing a portion of the perforated pattern elec 
trode and two typical outlines of the electron 
beam impinging thereon. 
As previously indicated, my invention contem 

plates a cathode ray tube which is modified in 
two major respects from the conventional tube. 
First, there is no fuorescent Screen but instead 
there is provided a collector electrode maintained 
at a predetermined positive potential relative to 
the cathode. Secondly, a pattern electrode is 
introduced into the tube in the path of electrons 
traveling from the electron gun. The pattern 
electrode presents a surface to the electron beatim 
Which is non-uniform in an electrical caracter 
istic whereby the number of electrons eventually 
reaching the collector electrode (and hence the 
output current of the cathode ray tube) is a 
function of the particular portion of the pattern 
electro de to Which the electron beam is directed. 
One or more input Signals controll the deflecting 
03.S. w. 

For example, the pattern electrode may be 
So arranged that When the electron beam Strikes 
it in its upper portion, a large number of elec 
trons reach the colector electrode. The current 
carried by the collector electro de is therefore high. 
On the other hand, if the electron beam Strikes 
the pattern electrode in its lower portion, the 
characteristic of the pattern electrode at that 
point may be Such that a relatively Small number 
of electrons eventually reach the colector elec 
trode. Similarly, a non-uniformity in the hori 
zontal direction, from right to left, may be in 
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4 
corporated in the pattern electrode with the 
result that the output current of the tube will 
be dependent upon not only the vertical position 
of the deflected electron beam but al.So its hori 
zontal position. If now tWO independent input 
Signals are caused to actuate the horizontal and 
vertical deflecting means, an output curret Will 
be obtained from the tube WhoSe value is afected 
by each of the two input currents. It is to be 
especially noted that the pattern electrode may 
be calibrated by any desired means so that the 
output current of the tube can be made to bear 
any desired relationship-linear, logarithic, ex 
ponential, complex of discontinuous-with respect 
to either of the two input currents. 

Referring now in detail to the drawing and 
particularly to Fig. 1 thereof, I have there shown 
a conventional cathode ray tube indicated gener 
ally at 0 and having a conventional envelope 
2 of glass or the like. An electron gun 3 may 
be of conventional design although, as pointed 
out in greater detail hereinafter, it may be so 
arranged as to achieve a greater eficiency than 
the electron gun usually used in cathode ray 
tubes. A colector electrode 6 is maintained 
at a positive potential by a suitable D. C. source 
(not shown) connected to lead 3. 
Tube C includes conventional defiecting ineans 

which may take the form, as indicated generally 
at 9, of horizontal deflecting plates 2 and 2 
and vertical deflecting plates 22 and 23. It will 
be understood that other deflecting means may 
also be employed including conventional electro 
magnetic means having coils disposed on angui 
larly related axes to move the electron beam in 
well-known manner. Electrombeam 25 may thus 
be caused to travel any desired angular path 
Within the cathode ray tube. An input Signal iS 
impressed upon the horizontal plates through 
leads 27, and a second and independent signal 
may be impressed on vertical plates 22 and 23 
through leads 28. 
A pattern electrode indicated generally at 36 is 

disposed transversely to the axis of tube º and is 
positioned intermediate deflecting means 9 and 
collector electrode f6, and preferably relatively 
close to collector electro de 6 as ShoWn. Pattern 
electrode 30 is maintained at a positive potential 
somewhat lower than that of collector electrode 
6 by a suitable source of D. C. (not ShoWn) con 

nected to lead 32. 
In the particular embodiment of the invention 

shown in Fig. 1, pattern electrode 39 may take 
the form of a perforated Sheet of metal, and the 
perforations vary in cross Sectional area over the 
extent of the electrode 30. As appears in Fig. 4, 
wherein a portion of the pattern electrode is 
Shown on a greater enlarged Scale, pattern elec 
trode 36 includes a very large number of rela 
tively small apertures. In this example the size 
of the apertures varies from perforation 33, 
which is the smalest shown, up to aperture 34, 
which is the largest shown. Furthermore, the 
variation in Size of apertures is two-dimensional. 
It will be noted that the perforations in the 
column indicated at 35 become larger from the 
bottom to the top of the electrode 30. Similarly, 
apertures in row 36 become larger as one goes 
from right to left on the pattern electrode. 
Two typical electron beams are shown in out 

line in Fig. 4 as they impinge pattern electrode 
30. The cross section of the electron beam may 
be circular, as shown at 0, or may be polygonal 
as shown at 42. In either case, it is important 
that the electron beam, of whatever outline, be 
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or by materials of dissimilar secondary emission 
as in Fig. 2) may incorporate any desired rela 
tionship between input signals and desired output 
signals. Obviously the pattern need not change 
in substantially uniform gradations as would be 
the case when using the particular configuration 
of apertures shown in Fig. 4. Similarly the in 
cremental changes in output signal from top to 
bottom or from right to left of the pattern elec 
trode need not be in the same sense; a particular 
application may require that, as an input signal 
increases in value at a uniform rate, an output 
signal rise rapidly to a maximum, then fall slowly 
a desired amount, then rise again at a diferent 
rate. Such a complex or discontinuous output 
signal may be produced with facility by the use 
of the invention herein described. A second input 
signal, applied to a deflecting means afecting the 
electron beam in a diferent plane from that of 
the first input signal, may simultaneously affect 
the output signal according to a diferent rela 
tionship so that the value of the output signal is 
a resultant of two input signals. 
Although I have shown conventional deflecting 

means operable only in horizontal and vertical 
planes, the deflecting means may provide for de 
flection in more than two angularly related 
planes. For example there may be three pairs 
of deflecting plates (or deflecting coils if electro 
magnetic deflecting is employed) efective to 
shift the electron beam in three planes passing 
through the axis of the tube and angularly spaced 
60° apart. Similarly four, five or more pairs of 
defecting plates may be provided to shift the 
beam in as many diferent planes. It Will be 
understood that the electron beam Will in each 
caSe be positioned in accordance With the Vec 
torial resultant of the efects of each of the pairs 
of defecting plates. 
The positive voltage at Which the collector 

electrodes are maintained may be very much. 
lower than the accelerating voltages used in con 
ventional cathode ray tubes, since no light output 
is involved in the apparatus of the present in 
vention. However, voltages in the range of 400 
to 500 volts are desirable in the forms of the 
invention utilizing secondary emission for the 
reason that Such voltages are necessary to achieve 
maximum secondary emission for common mate 
rials. It is to be noted that secondary emission 
is a phenomenon greatly affected by the tempera 
ture of the impinged Surface, and a warm-up 
period is hence necessary before uniform results 
may be obtained. I therefore consider the first 
form of my invention as preferable for most pur 
poses. 
Although the collector electrodes is and 2 

have been Shown relatively large, it is understood 
that this showing is Schematic only. I may 
provide much Smaller electrodes in order to min 
imize the capacitance efect of Such electrodes 
in accordance with well known principles. 

It will be observed that in all the forms of the 
invention the pattern electrode is characterized 
by having a large number of elemental portions 
which may be referred to as “sub-areas,” and the 
sub-areas have diferent electron-modifying abil 
ities with respect to individual electrons directed 
thereto. Furthermore, the sub-areas are small 
relative to the croSS-Sectional area of the electrol 
beam in order that a slight variation in the posi 
tion of the deflected electron beam Will not cause 
an abrupt change in the number of electrons 
reaching a colector electrode. To achieve a 
Smoothly changing colector electrode current, the 
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8 
beam should cover at least twenty sub-areas, al 
though as previously stated I prefer that the beam 
cover approximately one hundred. These areas 
may be defined in terms of their electron-absorb 
ing ability or electron-afecting ability, and it will 
be seen that a sub-area having a large aperture, 
or a large proportion of high Secondary emitting 
material, will cause a large electron flow to the 
collector electrodes, and conversely in the case of 
a sub-area of opposite characteristics. 

Modifications and changes in addition to those 
mentioned herein will occur to those Skilled in the 
art. All such modifications and changes within 
the spirit of the invention are intended to be 
embraced within the scope of the following claims. 

I claim: 
1. In a cathode ray tube including an electron 

gun for generating an electron beam and means 
for controllably defiecting Said beam in accord 
ance with an input signal, the provision of means 
for producing an output signal having a predeter 
mined relationship to an input signal, compris 
ing: a pattern electrode disposed in the path of 
the electron beam and a collector electrode posi 
tioned to receive electrons as modified by the 
pattern electrode, said pattern electrode bearing 
a multiplicity of sub-areas difering in eiectron 
afecting ability, said Sub-areas being arranged in 
accordance With a predetermined pattern, the 
beam, as seen in cross-section at the pattern 
electrode, being large relative to a Sub-area, in 
mutually perpendicular directions Whereby a plu 
rality of Sub-areas lie in the path of the beam 
and a Small change in the deflected position of 
the beam produces a smooth change of Output 
current in Said collector electrode. 

2. A cathode ray tube as Stated in claim 1. 
Wherein the cross-sectional area of the electron 
beam exceeds the area of not less than 20 sub 
areas of the pattern electrode. 

3. A cathode ray tube as stated in claim 1 
wherein the sub-areas of the pattern electro de 
have diferent secondary emission characteristics. 

4. A cathode ray tube as stated in claim 1. 
wherein the sub-areas of the pattern electrode 
difer in electron-absorbing characteristics. 

5. A cathode ray tube as stated in claim 1. 
Wherein the pattern electrode is provided With a 
multiplicity of minute apertures difering in size 
and arranged in accordance with said predeter 
mined pattern. 

6. A cathode ray tube as stated in claim 1 
wherein said colector electrode is maintained at 
a positive potential relative to said pattern elec 
trode. 

7. A cathode ray device for producing an out 
put signal having a predetermined relationship 
to an input signal, comprising an electron gun 
adapted to generate an electron beam; means 
responsive to an input signal for deflecting said 
beam; means for superimposing on said input 
signal electrical oscillations of magnitude smal 
relative to that of the input signal; a pattern 
electrode disposed in the path of the deflected 
electron beam; an output collector electrode re 
ceiving electrons from the pattern electrode, said 
pattern electrode having a multiplicity of sub 
areas small relative to the cross-sectional area, 
swept by the electron beam as deflected by said 
electrical oscillations, said sub-areas differing in 
electron modifying ability and disposed in ac 
cordance with a predetermined pattern. 

8. A device as stated in claim 7 Wherein said 
sub-areas are of difering secondary emission 
characteristics. 
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9. A device as Stated in claim 7 Wherein Said 
Sub-areas include apertures in said pattern elec 
trode. 

10. In a cathode ray tube having an electron 
gun adapted to generate an electron beam, de 
flecting means responsive to an input signal im 
pressed thereon for deflecting said beam, and a 
Collector electrode, the provision of a pattern 
electrode maintained at a lower potential than 
the said colector electrode and disposed in the 
path of the electron beam, said pattern electrode 
provided With a multiplicity of Sub-areas having 
an electrical effect upon the electrons in said 
beam differing in accordance with a predeter 
mined pattern whereby the number of electrons 
reaching said collector electrode depends upon. 
the deflected position of the electron beam at 
said pattern electrode, the area of the beam, as 
seen in cross-section at the pattern electrode, 
being large relative to a sub-area in mutually 
perpendicular directions. 

11. A cathode ray tube comprising: an elec 
tron gun adapted to generate an electron beam; 
means for deflecting said beam in angularly re 
lated planes; means for impressing an input 
signal on one of said deflecting means including 
means for superimposing on said input signal 
electrical oscillations of magnitude small rela 
tive to that of the input signal; a pattern elec 
trode disposed in the path of said beam; and a 
collector electrode maintained at a higher po 
tential than the pattern electrode, said pattern 
electro de being provided with a multiplicity of 
sub-areas difering in electron-affecting ability 
and disposed in accordance with a predetermined 
pattern, the area swept by said beam as deflected 
by said oscillations being large relative to a sub 
263, 

12. A cathode ray tube comprising: an electron 
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gun adapted to generate an electron beam; first º 

0 
and second deflecting means adapted to deflect 
said beam in angularly related directions; means 
for impressing on said first deflecting means an 
input signal; means for Superimposing on said 
input signal electrical oscillations of magnitude 
small relative to said input signal; means for 
impressing on Said Second deflecting means elec 
trical oscillations of frequency diferent from the 
frequency of the first named oscilations; a pat 
tern electrode disposed in the path of said beam; 
and a collector electrode maintained at a higher 
potential than the pattern electrode, said pat 
tern electrode being provided with a multiplicity 
of Sub-areas difering in electron-affecting ability 
and disposed in accordance with a predetermined 
pattern, the area swept by said beam as deflected 
by said oscillations being large relative to a sub 
3.63. 

13. A cathode ray tube as stated in claim 12 
including means for impressing a second input 
Signal On Said Second deflecting means of mag 
nitude large relative to the electrical oscillations 
impressed thereon. 

14. A cathode ray tube as stated in claim 13 
Wherein the frequencies Of Said Oscilations difer 
by a ratio of at least approximately three to one. 
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