2,540,637

| SUTOA N/
\Q\mqvﬁ knm..\.um\m

&b

otc+ 067#
%\. .

2

FAlF i A A A A I__..__‘n‘_..__‘__ . ViFAVEr S5 AAY JAE. VAN SA, VAT A A A A

LT

-
L. E III.‘.
r ‘

™ VT Y

e T AL —

. .a@q\%\k\%mﬁ LR A7

P. K. WEIMER
PICKUP TUBE SYSTEM
Filed June 28, 1946

" SNOLUOTTF A FOHWIW

F’i"r"”.’.‘r

’a

AOOEH

q%\x Odf# \.Q\

AO8Z4
awbs Noojeh oofs :

a—ﬁ.
oL # | SLI/e

Y O

T Y [ T TN ——
— —— [

___

‘_‘“‘.‘.‘“““““‘.‘“\““‘ ......u. A WA, WEE L

\\ N\ _\N

SLI+

4

S8

r AV

.%N

i7s

ki
bl

. S
s —— —
—

——— . a

— — I
e T[T llb“
— .ﬂli_

_ ¢

i

| _ |

JInventor

Fuul Kleimer

Feb. 6, 1951




Patented Feb. 6, 1951

UNITED.

STATES PATENT

2,540,637

OFFICE

. | 2,540,637
PICKUP TUBE SYSTEM

Paul K. Weimer, ﬁ’rmceton, N. J., assnghor to
Radio Corporation of America, a c@rporatmn

of Delaware

) Apphca,tmn June 28, 19486, Serml No. 680,002
| (C1L. 315—11) -

o 14 Claims.
1 ' .

This invention relates to pick-up tubes and

more particularly to tubes employing electron

multipliers for improved sensitivity and simplifi-

cation of the video amplifier.
- In most types of pick-up tubes employmg g

jmultlpller the.video signal does not have as high

a signal-to-noise ratio as should be expected from
theoretical considerations. For example, in the

type using a beam returning from the target to-

ward the gun, the refurning electrons are pro-

~ portional to the fraction of the beam not ab-
sorbed at the target and hence are greatest in
~ the dark part of the picture. Also, the percent-

a.ge modulation of the return beam is usually less

than 509% because of the failure of the beam t0

‘be completely absorbed in the most positive

~ (white) part of the target. This means that the
output signal contains a background noise cur-
‘rent due to ‘“shot” effects proportional to the
beam current. The noise is therefore greatest
in the dark portion of the image. A more de-
sirable arrangement would be one in which the
noise at all signal levels is no more than the
shot noise for that signal or modulation current.
‘The output current, and: therefore the noise,
would then drop to zero in the dark porfion of
the picture.
tained in the known dissector type of tube, but
it is exXtremely 1men31tlve beca,use of lack of
~ storage. |

In my 1mpmvement I obtain the desn‘ed result

with signal storage in cathode ray beam tubes

hv taking advantage of the variable velocmes of
the electrons in the return beam. Electrons

emitted by, or leaving, the less positive dark

areas of the image move toward the-gun at higher
velocities than those emitted by, or leaving, the
~ light areas, the velocity of which will vary 11:1-
- -versely with the degree of. whiteness.

'~ The returning electrons are passed info a

This desirable result has been ob-

10

- 2 o
Other objects of the invention will appear in
the following description, reference being had to

the drawings, in which:

Figure 1 is an illustration of a cathode Tay

‘beam. tube embodying my invention.

Figure 2 is a plan of the lifting platés used in

the tube.

Figure 3 1s a plan view of a multlpher dynode
used in the tube of Figure 1. |

Pigure 4 is a series of graphs shﬂwmg the volt
velocities of the electrons. --
~ Pigure 5 is a modification. .

Referring to Fig. 1 of the. dvawmg, the plck-up

' tube comprises an evacuated envelope i contain-
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ing a cathode ray beam gun G made up of a
cathode 2, a grid 3 and a first anode £.  The grid
and first anode have small apertures through
which the beam B passes in ifs travel towards
the tarcet 5 at the other end of the envelope.

A charge image is formed on the front side of

- the target (that is, the side remote from the

oun) by photoelectrons emitted from. photocath-
cde § by light energy L from an object imaged
thereon by well-known means, not shown. The
vhotoelectrons are accelerated by electrostatic

~ring anodes T, & toward the target 5 and are

~ field of coil 9.

30

focused thereon by the uniform magnetic axial
A screen or grid £9, which may
be conductively secured to the anode 8, collecis
the secondary electrons bombarded from the

front side of the glass target 5 by the photo-

3D
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veloeity selector to absorb all the higher veloeity.

electrons from the dark aveas and transmit to

.'the multiplier the lower veloclty electrons from
the white areas, or vice versa when desired.
It is-an object of my invention 1o demse 9, stor-

45

~_age type of tube in which the noise is zero fm‘

~ the dark portion of the target.

Ancther object of the invention is vo devlse a

multiplier tvpe of storage tube In which the elec-
{trons pr aceedmg from the target are passed info

3, velocity selector and only: the lower velomty
- electrons are multiplied. | ST

- Another object of the 1nventmn is to prowde
a pick-up tube in wmch the modulatmn is one
‘hundred per cent. - | -

electrons, but this grid may be isolated from
such anocde and given a suitable potential inde-
pendent of other electrodes.

A selector electrode which may be a grid or

screen {! is placed adjacent the end 12 of the
first anode 4 of the gun G and in front of this

 gelector erid is placed a ring anode i3.

I may
use a wall coating, but to simplify manufacturing
and assembpling methods I prefer to use a meial
cylinder {4 having the same function as the wall

coating. Tine mesh screen or grid {5 1is located

between the target 5 and the end of anode cyl-
inder t4. A suitable spacing for thls orid from
the target in the usual size of pick-up tube 1s

one-quarter inch. In most uses of the tube, the.

orid is run atb the same notentlal as the. cylmder

‘ancde 14 and therefore it may be mounted di-
50

rectly on the end of this cylmder However. for
some uses, as will later be described, ‘tl-re orid §5

should be run at camlderably lower potﬂnt:tal and

 therefore it has been shown isolated from the

55

cylinder, with a potential lead that will permib
1t to be addusted to deswed va,lues ff'om the cyl-
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inder potential to potentials considerably there-
below.

An electromagnetic deflecting unit (6 deflects
the beam B to scan the target. This unit con-
tains coils developing fields at right angles to
each other and to the field of focusing coil £,
but the ftwo coils are not shown, as their con-
struction and grrangement are well known. The
scanning may be horizontal and vertical, spiral,
or any other type.

The electron stream Bi returning from the tar-
get toward the gun, which will be called the re-
turning beam, is composed of secondary electrons
of various velocities, shown in the graphs of Iig. 4,

which has electron velocities in volts for abscissas

and number of electrons per unit velocity range
for ordinates. The abscissa Vs is space potential
but, as shown in Big. 4, it is not fixed and applies
to any space notential in the tube. By using the
proper space potential for any position in the tube,
the curves will apply. Graph I gives the velocity
distribution of the secondary eclectrons emitted
from the white (or most positive) parts of the tar-
get, while graph 1I is the corresponding velccity
distribution for electrons from the black (or most
negative) parts of the target. Graphs I and IT
are substantially identical, but since “white” ele-
mental areas of the target have higher average
potentials than “black” areas, the electrons from
white greas are subjected to a smaller accelerat-
ing force and graph I lags graph II. For shades
intermediate white and black, the velocity curves
would be inbetween graphs I and IX, but these
are not illustrated. Graph IIT, shown in dotted
lines, indicates the velocity of the electrons of the
primary beam B. These vary only to a small ex-
tent in velocity from space potential Vs.

_To separate the primary beam B from the re-
turn beam B, lifting plates 17, {8 are spaced apart

and placed between the electrode {3 and the cyl- «

inder anode 4. These flare preferably outwards
at.each end from the tube axis, as shown in Fig. 2.

Between the lifting plates and the cylinder
.anode 14 is placed the multiplier, which may con-

sist of as many stages as desired, four being shown ..

and designated by reference characters {9, 20, 2¢
and 22 "The multiplier stages may be of any type,
but I prefer to use the general form disclosed In
my application filed September 16, 1944, Serial
No. 554,494, now U. S Patent 2,433,941, in which
the. dvnode consists of a plurality of radial vanes
23 struck up from a disc 24 of good secondary-
emitting metal, such as silver~-magnesium alloy,
at approximately 30° angles, as indicated in Fig.
3. These vanes are cut from the disc 24 at one
side and have radial openings 25 through which
the emitted secondaries pass to the succeeding
stage. On the entering side of the stages a fine
mesh screen 286 is placed to shield the secondaries
emitted by the vanes from previous potentials,
which assures that they will be drawn through
the openings 25 by the higher potentials of the
succeeding electrecdes. The vanes 23 and disc 24
-are broken away at one side to show this screen.
‘The multiplier stages are not sectioned in the
horizontal plane of Fig 1. The stamped vanes are
not illustrated in the portion 27 of the discs 24,
as this sector of the dynedes is not in the path of
the return beam, as will later he made apparent.
In general, however, it will be advisable, from an
-assembling standpoint, to stamp the vanes
throughout the entire disc. The stage 28 of the
multiplier consists only of a frame containing a
.sereen-similar to screen 26 of Fig. 3, as it is a col-
lector only, as will be later explained. The mul-

o
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tiplier dynode and collector units have central
openings 29 to pass over a tube 30 fitted in the
end 2! of the electrode 4.

The various electrodes of my improved tube
may be mounted in any known way, preferably
in the way shown in the applications of Stanley
V. Forgue, cne filed January 28, 1946, Serial No.
643,925, which is now United States Patent,
2,441,315, issued May 11, 1948, and the other one
filed February 7, 1946, Serial No. 646,075, which is
now United States Patent 2,460,381, issued Febru-
The voltages applied to the electrode
will be known to those skilled in the art, but
T have indicated in the drawing suitable voltages
for satisfactory operation.

The operation of my improved tube is as fol-
10WS:

Radiant energy 1, light for example, proceed-
ing from an ohject to he televised, forms an image
on the photocathode 6. Photoelectrons produced
by this imaged energy are accelerated by elec-
trodes T and 8 towards the target 5 and are fo-
cused on the front face therszof by the axial.
focusing field of coil 9. The farget may be any
two-sided type, but preferably it is made of 2
semi-conducting material such as disclesed in
the application of Albert Rose, filed September
20, 1840, Serial No. 357,543, for which a continu-
ation was filed November 28, 1945, Serial No.
631,441, now TUnited States Patent 2,506,741,
issued May 9, 1960. The photoelectrons proceed
through the screen 18 and bombard secondary
electrons from the front side of the target b5,
the secondaries being collected by the screen (0.
Thus, a charge image is built up on the front side
of the target corresponding to the light image
formed on the photocathode €, which produces a
potential image on the gun side of the target.
The white greas have, of course, higher potential
than black areas.

The beam B from the gun G is accelerated
towards the target by the wall cogting and other
electrodes, but is deflected downwards in Fig, 1
of the drawing by the lifting plates 7 and (8,
for this is the action of electrostatic plates
having different potentials when lccated in an
electromagnetic field such as produced by the coil
9. The difference in potential bhetween these
plates is such as to deflect the heam B to the cen-

¢ tral axis of tube 30. After issuing from this tube,

the beam is subject to the scanning fields of
deflecting unit 16, so that the target § is scanned
thereby. The beam electrons bombard secondary
electrons from the target substantially uniform-
ly over the scanned surface. The velocity of the
secondary electrons is not uniform, but has the
distribution shown in Fig 4. The secondary elec-
trons emitted from *“white” and “black” areas
of the target are accelerated by the fields of screen
t% and anode {4 toward the gun G at difierent
velocities. The velocities are greater for elec-
trons emitted by black areas, becaiuse there is a
oreater potential difference between the accelerat-
ing electrodes and these areas of the target than
between those electredes and the white areas, due
to the potential image on the target surface.
Hence, graph IT is shifted ahead of grath Tin
the direction of vezlocity increase, as shown in
Fig. 4.
The electrons in return beam B are aceelerated
hy the felds of screen {5 and ancode 14 along a
path adjacent the path ¢of primary beam B until

they reach the field between lifting plates 17 and

{8, which deflects them downwards away from
peam B. When they reach the vicinity of screen




- 23 thereof.

"

or erid 11, which has apprommatﬂy the pbt’en— |

tial of the black areas of the targetf, no electron

ha,vmg velocity in volts below Vo in Fig. 4 can,

pass through the screen. The electrons hav-
ing velocities in volts below V32 are reflected back
by this electron mirror and accelerated towards
the multiplier dynode. This means that the
number of electrens represented by Va¥Y2Vi is re-

flected and the remaining electrons from the

white areas and all the electrons from the black

10

areas pass the screen and are collected by the end -

12 of the first anode 4. In passing through the
field of lifting plates (T and {8, the reflected
electrons are further defle cted downwards, as in-
dicated in the drawing.

The electrons pass tarough the screen 26 in
‘stage 19 and bombard secondary electrons from

" the under surface of the vanes 23, as shown in

15
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electrode 32 is run -near target potential. The
electrons of Bi of higher velocity land thereon

and are not utilized, but this elecirode is an elec-

tron mirror for those of lower velocity and they

are reflected and are accelerated to the electrode

{9’, which constitutes the dynode .of the first
stage of the multiplier. The secondary electrons
emitted in this dynode are accelerated and de-

- flected below the disc 32 into the second stage 20

of the multiplier, which may be constructed and
arranged around the gun similar to the arrange-
ment described in my said application Serial No.
554 494, except that in this figure, as well as in
Figs. 1 and 2, it is preferable to stamp the dynode
discs with a greater number of radial blades than
there indicated. The voltages applied to the elec-.
trodes in this modification would be known to

- those skilled in the art, but I have indicated

Fig. 3. These secondary EIectmns are shielded

from previous electrodes by the fine mesh screen
26 and are accelerated through the opening 28

in the dynode’ through the screen 26 of stage

of the vanes
In the same way, the electrons are
further multiplied by stages 21 and 22. The sec-

28 and boembard the under surface

ondary electrons issuing from the final stage 22

are collected by the screen In collector 28.

It will thus be seen that, with my improved
pmk -up tube, the electrons havmg velocities above
a predetermined value are rejected and the elec-
trons having velocities below that value are
utilized. The ‘“shot” noise, which is the mosi
troublesome noise in conventional pick-up tubkes
embploying a multiplier, is only that of the mod-
ulated part refiected into the multiplier. Since
the modulation is 100% and the polarity is such
that no electrons enter the multiplier in the
dark, the noise is zero in the dark.

In general, the tube would be operated so that
secondary electrons would be accepted and uti- .

lized for the full potential swing of target ©.
However, in certain cases it 1s advantageous 1o

select a narrower range given by less than the

full votage swing of the target, for example, to
control the gamma of the tube. This may ke ac-
complished by changing the voltage cf sCreen t 5
to a lower potential, so that electrons whose
velocity is less than Vi do not pass through the
screen 15. This voltage should be slightly higher
than target potential. Then, electrons with ve-
locities helow, say, Vs would not pass the screen
{5, but would return to target 5. Thus, the elec-

30

satisfactory voltages in the drawing.

In describing the overation I have indicated
that the reflecting electrodes or eleciron mirrors
i1 of Fig. 1 and 32 of Fig. b should have the po-
tential of the elemental target areas. AS &
practical matter, this is rather difficult to deter-
mine due to contact potentials, which may equal
several volts in some cases. This, of course, is
known to those skilled in the art and the poten-
tial of the electron mirrer will be adjusted until
the desired response is obtalned.

I claim: |

. An electron tube compr?sm g, an evacuated

| envelope containing a cathode, a grid and an

‘anode adapted to form & cathode ray beam, a tar-

oet adanted to have a potential pattern in the
path of said beam and to emit secondary elec-
trons with a range of velocities under bombard-

ment of the electrons of said beam, an additional

anode for accelerating the beam elecirons to said
target and said secondary electrons away there-

from, a selector electrode interposed in the path

of said secondary electrons for directing into one
path the electrons having veiccities on one side

of an intermediate velocity in said range and into

- another path the electrons having velocities on

45
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~ trons reaching the multiplier Wc-uld be indicated

by -curve portion Va2YaY1Vs,

i By adjusting the
voltage of this screen, one can readily clip the .

|
v

white signals in the picture, such as the area

V3Y1Vi, and thus control the gamma of the tube,

while obtaining the advantages of the invention

as previously referred to herein.
~ Sinece the target 5 has no adjacent eleﬂt*i ode
of relatively low potential to which the beam elec-

trons can drive the notentials of the black and

white areas, the landing electrons merely change

the other side thereof and a collector electrode
collecting for the electrons of one path only.
2. An electron tube comprising, an evacuated

“envelope containing a cathode, a grid and an

anode adapted to form a cathode ray beam, a
target in the path of said beam adapted 1o have
o, potential pattern and to emit secondary elec-
trons with 2 range of velecities under bombard-
ment by the electrons of said beam, means for
scanning said beam over said target to produce
said secondary electrons, an additional anode ifor
accelerating the beam electrons to said target

- and said secondary electrons away therefrom, a

selector electrode interpeosed in the nath of ﬁ&ld

- gecondary electrons to rapel the e%ctrens having

6

‘their absolute peotentials, leaving their differ-

ence of potential the same. Hence, the bheam
deces not, in the example glvep, discharge the

" target. The charge image is discharged by the

- gistribution of secondary electrons produced by
the photoelecl,rons when the picture image

changes from bhlack to white, and vice verse, as

disclosed in my anpllcatlon filed August 3, 1 9f'5

Serial No. 608,663, which is m}w Patent No. 2,037,-

250, granted January 9, 1951,
In Fig. 5 I have shown a different loca,tm*l for

the multlphers

velceities on one side of an intermediate velocity
in said range and an electrode positioned between

said selector electrode and said target for collect-'

ing the repelled electrons.
3. A television pickup tube comprising, an

evacuated envelope centaining a cathode, a grid

and an anode adapted to form a cathode ray .

0

heam, a target in the path of said beam adanted
to emit secondary electrons with a range of ve-
lccities under bombardment by the electrons of
said beam, means for scanning said beam over
said target to pmduce said secondary electrons,
an additional anocde for accelersting the bea

electrons toward said target and the secanﬂary-
electrons away . therefrom, a photocathode

In this embodiment  the dlSC 756 adapted to produce a white and black potential
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pattern on said target corresponding to a photo

image being televised, said potential pattern
causing the acceleration by said additional ancde
to be greater for secondary electrorns from black
than from white potential areas, an electron mir-
1or interposed in the path of the secondary elec-
trons, lead means connected to sald electron mir-
ror for joining said mirror to a source of poten-
fial eaqual to a potential between that of said black
and white target areas, whereby said secondary
electrons of low velocities are refiected, and an
electrode positioned between said mirror and
sald target for collecting said refiected electrons.

4, A television pickup tube comprising, an
evacuated envelope containing a target, a cath-
ode, a grid and an anode adapted to form a cath-
ode ray beam means for scanning said beam over
sald target to produce secondary elecircns, a
photeocathode adapted to produce a white and
black potential pattern on said targcet corre-
sponding to a photo image to be felevised, said
poiential pattern causing the acceleration by said
additional anode to be greater for secondary
electrons from black than those from white po-

tential areas, an electron mirrer inferpcsed in

the path of the secondary electrons, lead means
connected to said electron mirror f01 jcining said
mirror t0 a source of potential egual to a poten-
tial between that of said black and white target
areas, whereby said secondary electrons of low
velocities are refiected, and an electron multi-
plier positioned between said mirror and said
target for collecting electrons reflected by said
mirror.

5. A television pickup tube comprising, an °

evacuated envelope c¢ontaining a catiode ray
beam gun, a target in the path of said beam
adapted to emit secondary electrons with a range
cf velocities under bombardment of the electrons
by said beam, an additional anode for accelerat-
ing the beam electrons toward said target and
the secondary electrons away therefrom, a photo-
cathode adapted 1o cause said tat*geb 1o emil
electrons and produce a charge image therecn,
electric field producing means for scanning the
cathede ray beam of said gun over szid target,
an ¢lectrode interposed in the path of said sec-
ondary electrons to repei those having velocities
below an interimediate velocity in said range and
attract those having velecities at or above said
intermediate velocity, and a multiplier dynode
positioned between said electrode and said target
in the rath of said repelled electrons.

6. A television pickup tube comprising, an
evacuated envelope containing a target, an elec-
tron gun for proaucing a cathode ray beam, g
photocathode for causing said target tc emit
electrons and produce a white and black poten-
tial pattern corresponding to 2 photo image keing
televised, means for scanning said beam over said
target, an anode for causing the cathode ray
beam to bombard secondary electrons from said
target with initial movement away from said
target at a range of velocities, said secondary
electrons being accelerated away from the target
by said anode and said poitential pattern causing
the acceleration to be greater for electrons from
olack than from white potential areas, lifting
plates for deflecting said secondary electrons out
of the path of said beam, an electron mirror in-
terposed in the path of the deflected secondary
electrons for atfracting the electrons from black
areas and for reflecting the electrons from white
areas, and an electron multiplier positioned cut

10
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of the path of the beam and in the path of the
reflected electrons. |

1. A television pickup tube comprising, an
evacuated envelope containing a cathode, a grid
and an anode adapted to- form a cathode ray
beam, o target, a photecathode for causing said
target to emit electrons and produce a white and
black potential pattern corresponding to a tele-
vised photo image means to scan said beam over
sald targeu, a second anode for accelerating the
electrons of said beam to said target to cause it
to emit secondary electrons at a range of veloci-
ties, said potential pattern causing the accelera-
tion to be greater for electrons from black than
from white potential areas, lifting plates for de-
flectuing said secondary electrons. out of the path -
of sald beam, an electron mirror interposed in the
path of the deflected secondary electrons for at-
tracting substantially all the secondary elecirons
from sald black potential areas and for reflecting
av least a part of the electrons from szid white
potential areas, and an electron multiplier vosi-
tioned between said mirror and said target for
collecting said reflected electrons. |

8. A television pickup tube comprising, an
evacuated envelope containing a cathode ray
veam gun, g target at one end of said envelope, a
pnotocathcde for causing said target to emit
electrons and produce a charge image thereon, a
multiplier having a plurality of multiplier dyn-
odes, means t¢ scan said beam over said target,
an electrede for accelerating the electrons of the
cathode ray beam of said gun to szid target to
bombard secondary electrons therefrom at 2
range of velocities, said electrode accelerating
sald secondary electrons away from said target,
1iiTting plates for deflecting said secondary elec-
trons out of the path of said beam, an electron
mirror in the path of the deflecied secondary
eiectrons adapted to reflect those having veloci-
ties below an intermediate velocity in said range
and attract those having velocities above saigd
intermediate velocity, the first dyncde positioned
between said mirror and said target of said mul-
tiplier atiracting the renelied electrons and suc-
cessive dynodes thereof atiracting secondary
electrons emitted by previous dvnodes thereof.

9. A television pickup tube comprising, an
evacuated enveiope containing a cathode ray
beam gun, a targes, a mulbiplier between said gun
and said target having a metal tube at its center,
a plurality of mulviplying dynodes around said
metal tube, means for causing said target to
emit electrons and produce a charge pabtern
thereon with a potential pattern for white and
black areas corresponding to a photo image he-
ing televised, electric field prodticing mesns. co-
operating with said gun for projecting the beam
through said ftubs onto said target, means for
scanning said beam over said target to cause the
target to emit secondary electrons with initial
movement toward said tube at a range of veloci-
ties, said secondary electrons being aceelerataed
toward said gun through said tube by said fiel:d
producing means and said gun, said poiential
pattern causing the acceleration to be greater
for electrons from black than frem white poten-
tial areas, an electron mirror adjacent to, and
at one side of, said gun, lifter plates for deflect-
ing sald secondary electrons tc said mirror and
from said mirror toward the dynodes of said mul-
tiplier, the dynodes ¢of the mulviplier adapted to
attract the reflected elecirons thereintc and
produce secondary electrons therefrom.

10. An clectron tube system comprising an
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evacuated -envelope having a semi-conducting
target adapted to emit electrons with a range of
velocities, electric field producing means for ac-

celerating said electrons away from said target, a

“selector electrode and a signal electrode and a

- voltage supply source connected to said target,
sald means, said selector electrode and said sig-

nal electrode, the voltage applied to said selector
electrode producing a potential to repel electrons
along one path having velocities on one side of
- an intermediate velocity in said range and to
pass electrons along another path having veloci-
ties on the other side of said intermediate veloc-
ity, said signal electrode being positioned in one
of said paths to attract the electrons therein.

- 1i. An electron tube system comprising. an
evacuated envelope having a giass target adapted
to emit electrons with a range of velocities, elec-
tric field producing means for accelerating said
electrons away from said target, a selector elec-
trode and an electron multiplier dynode and 4
voltage supply source connected to said target,
said means, said selector electrode and said mul-
tiplier dynode, the voltage applied to said selec-
tor eiectrode preducing a potential to repel elec-
trons along one path having velocities on one

10
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side of an intermediate velocity in said range and

to pass electrons along another path having ve-
locities on the other side of said intermediate
velocity, said multiplier dynode being positioned
in one of said paths to attract the electrons
therein. -

12, An electron tube system comprlsmg an
evacuated tube having a cathode ray beam gun,
a target adapted to have a potential pattern and
positioned to be bombarded by the electrons of
the beam of said gun for production oi secondary

electrons with a range of velocities, means for

scanning said beam over said target, a selector
electrode spaced from said target and a collector

electrode spaced from said selector electrode, and

a, voltage supply source connected to the anode
of said gun, said selector electrode and said col-
lector electrode, the voltage applied to said selec-
~ tor electrode producing a potential to repel along

- one path secondary electrons having velocities

on one side of an intermediate velocity in said
range and to pass electrons having velocities on
the other side of sald intermediate velocity, said

collector electrode being positioned in one of said 50 2,433,941

- paths to attract the electrons therein.

30

39

lO

13. An electron tube system comprising an
evacuated tube having a cathode ray beam gun,
a target adapted to have a potential pattern and
positioned to be bombarded by the electrons of

the beam of said gun for production of secondary
electrons with a range of velocities, means for
scanning sald beam over sald target, a selector

electrode spaced from said target and an elec-
tron multiplier dynode spaced from said selector

electrode, and a voltage supply source connected

to the anode of said gun, said selector electrode
and said electron multiplier dynode, the voltage
applied to said selector electrode producing a
potential to repel along cne path electrons hav-
ing velocities on one side of an intermediate

- velocity in said range and to pass electrons hav-

ing velocities on the other side of said interme-
diate velocity, said electron multiplier dynode
being positioned in one of said paths to attract

the electrons therein.

14. An electron tube system comprlsmg an
evacuated tube having a cathode ray beam gun,
a target adapted to have a potential pattern and
positioned to be bombarded by the electrons of
the beam of said gun for production of second-
ary electrons with a range of velocities, means
for scanning said beam over said target, a selec-
tor electrode spaced from said target and an
electron multiplier having a plurality of dynodes
spaced from said selector electrode, and a voclt-

age supply source connected to the anode of said

gun, said selector electrode and the dynodes of
sald mulfiplier, the voltage applied to said selec-
tor electrocde producing a potential to repel
along one path electrons having velocities on one
side of an intermediate velocity in said range and
to pass electrons having velocities on the other
side of said intermediate velocity, the first
dynode of said multiplier being positioned in one

40 cof said paths to attract the electrons therein.

PAUL K. WEIMER.
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