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 Patented Sept. 20, 1960
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- the velocity distribution across the beam thickriess is

John S. Cook, New Providence, and William H. Lomseil'

Summit, N. J ., and Willis k. Yocom Los Altos, Callf.,

assignors tc Bell Telephone Laboratones, Incorporated,
New York; N.Y., 2 corporation of New York

Filed Mar. 29, 1957, Ser. No. 649,559
10 Claims. (CL 315—3)

This invention relates to an electron beam system and,
more particularly, to an electron gun structure for. use
in electron beam systems which employ  electrostatic
focusing fields of the kind described in copending appli-

cation Serial No. 514,423, filed June 10, 1955, by R.

Kompfner and W. H. Yocom, now United States Patent
2,857,548, issued October 21, 1958. |

The present application is a contmuatmn—m-p_art of
United States application Serial No. 560,546, now aban-
doned, which was filed on January 23 1956 by the
present applicants.

In the aforementioned patent of R. Kompfner and W

5. -
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H. Yocom, there 1s disclosed an electron beam system in

which a focusing electrode system is used to establish an
electrostatic field having a pair of single equipotential

- surfaces which are characterized by the fact that electrons
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injected on either of such surfaces with a correct velocity -

will flow along or in the vicinity of such surface.

~In

an illustrative form of an electron beam system’ of this

kind, a linear array of elements, each of which is main-

tained at a positive potential with respect to the electron

source, comprises the focusing electrode systern which sets.
up a pair of singular equipotential surfaces. Each of
these surfaces winds sinuously between the successive
elements of the array, the two surfaces being mirror
images with the plane of the linear array as the reflection
plane. In particular, it is set forth that a correct velocity.
which the electron beam should have when injected on
one such surface for flow therealong may be achieved
by associating with the electron source an accelerating

anode which is maintained at the potential of the singular ="

equipotential surfaces.
system of this kind,
inject by usual expedients an electron beam. of appre-
ciable current onto one of the singular equipotential
surfaces with the correct velocity.
found that conventional beam injection arrangements re-
sult, at the region of injection of the electrostatic field,
in a distortion of the field pattern set up by the focusing
electrode system optimum for focusing of this kind.

~In the use of an electron beam

This, in turn, results in the less of focusing efficiency. - -
In a copending application of J. S. Cook, R. Kompfner

filed June 10,
1955, now United States Patent 2,939,034, issued May

and W. H. Yocom, Serial No. 514,421,

31, 1960, there is shown an improved electron beam
system of the kind described in which the .injection .of
an electron beam with a correct velocity is facilitated and
field distortion is minimized by localizing the injection: to
a crossover region of the two singular equipotential sur-
faces.

zation of field distortion.

We have found that, in addition to smooth mjectwn
of the beam, there are certain optImu.m entrance condi-
tions for providing a stable beam in such a focusmg SyS-
tem, which hereinafter shall be idenitfied as a “slalom”

focusing system. In particular, it has been found that

for certain predetermined conditions of entrance velocity

and field, there are certain maximum limits to the beam

dimensions, especially the beam thickness, which, if_ ‘_ex-
ceeded, result in beam instability and a deterioration of
the focusing: effect.

In particular, it is °

Such a system as therein disclosed. provides in
general, improved performance as a result of the IIllIllIIll- |
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small maximum beam perireance. is- giv__en by the ex-
pression - L o |

- --’pfv?’_”."“25>.<m N
‘where: o . | I

Iy is the total current in amperes

V, is the beam potential,

T is the beam thickness,

W is the beam width, and

a is the spacmg of elements in the linear array

From Equatlon 1 it can be seen that perveance is- d1-
rectly pr0port10nal 10 beam thickness, hence, in general |
for a given system, it is desirable to operate at maximum =
beam thickness. Our analysis has further indicated that

if the electron beam is injected into the focusing system
at certain specified angles to the equipotential surface
which defines the path of flow and with certain dlsplace- o
ments from the eqmpotent:{al surface crossover regmn of

the upper and lower portions of the beam, maximum

beam thickness for a stable beam can be achieved. o
Accordmﬂly, a speCIﬁc object of. the  present. inven-

tion is to improve an electron beam system of the kind

described, by injecting the electron beam into the focus- | |
ing system at the proper angle and position to give maxi-

mum beam dimensions which, in general, means maxi-

mum. stable beam current, thereby: greatly enhancmg the
e:’ﬁmency of operation .of the system.

The invention will be better understood from the fol: o
Iowmg more: detalled descrlptmn taken in con]unctmn N

- with the accompanymg drawings, in which:
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it 1s found relatively difficult to -

- Fig: 1isa schematlc elevatlon Vlew of a typlcal slalom _'
focusing system, - | o L |

Fig. 2A is a. schematlc view of an electmn gun arra;nge.. o

ment embodymg the prmc:lples of 'the invention; |
~ Fig. 2B is a schematic view of another gun arrange-
ment embodymg the prmc:lples of the inventiony =
Fig. 2C is -a schematic view of still another gun :ar-
rangement embodymg the prmmples of the mventmn
and_ o _
Fig. 3 is a graph showmg the stability charactenstlcs

| 0f an electron beam in the. focusmg system -of Fig. 1.

Turning now to Fig. 1 in which an electron. beam o
system 10 is schematmally depicted, a plurahty of con-
ductive elements 11, which typically are wires-extending
transversely normal to the plane of the drawing, are

| ahgned to form' a ‘linear array which extends longltudl-
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It has also been found that where |

~spaced a distance a apart. -
“tive members 12 and 13 serve as conductive boundaries:

. direction of the. surface

nally in the direction of desired flow with successive wires
On opposite sides, conducs -

As. pointed - out. in- the aforementioned patent of 'R.

Kompfner.and W. H. Yocom, when the conductive eles

ments d1. are maintajined at a positive potentlal with res

spect to- the conductive members 12, 13, as is shown

schematically, this electrode. system will estabhsh in ‘the -
interspace between conductive members an -electrostatic

~ field which -is characterized by a pair of singular equix
| pc)tentml surfaces which-intersect the plane of the draw-
ing, as shown:. by the: broken lines 14 and: 15. Each -
of such equipotential surfaces winds smuously past sucs -
cessive elements, the two surfaces being mirror images of
one another about the plane of the linear array- and =
'crossmg OVer one another along a parallel succession of -
| As- pointed: out in the aforementmnedj o
- patents, -it has been found- that there will flow in prox-l "

center:: lines.

imity - to such' a surface an electron beam which is in-- _3
jected close to the surface with a correct velocity in the

A correct velocity may be, for
example; one of a magmtude correspondmg to the speed__ L



~ in the beam to a desired velocrty
- the cathode is maintained at a ‘potential slightly positive
| _'_-wrth respect to the beam forming electrode 17 but con-
~siderably negatrve with respect to accelerating anode 18.

35 - _
';_where Vv is the velocity at the crossover reglon and vu |
~1is the velocity an electron must have in order to follow

exactly along the equipotential path. The stable reglons i
defined by the lines 22’ and 22" in Fig. 3 are the regions

- imparted to ‘an electron in being accelerated from an
- electron source by an electric field of strength corre-

~ sponding to the difference in potential of the singular
equipotential surface and the electron source.

._ - The po-
“tential of the singular equrpotentral surface, and hence:
- 1the velocrty of the beam, can be adjusted to a desired
~_ value by a proper choice of the potentials at which the
o elements of the focnsmg electrode system are operated.
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potentral surfaces 14 and 15 of the pornt where the

- center line of the electron beam emitted from cathode 16

- The electron beam is injected by an électron gun com- :'.

| 'prrsmg a cathode 16, a beam focusing electrode 17 and
- an accelerating anode 18, as schematically shown in Fig. -
: _1. Since the electron gun advantageously is to provide
- a strip beam which extends normal to the plane of-the
- drawing, the various gun elements also extend normal to

- the plane of the drawing, It is-.to ‘be understood, how-
- ever, that the features of the present invention are not
- restricted to strip electron beams solely. The cathode 1.6

“is of conventional design and includes a heater compart—

~ portion 16B of its surface which is electron emissive.

' .~ The electrons emitted from the electron emissive portion
~are formed into an electron beam by the beam forming

10.

crosses the equipotential line 14 is given by ¢=0. The
“abscissa of the graph of Frg 3 is calibrated in terms of -~
the angle 8. = The angle 8 is defined as the angle formed -
between the- dn'ectron of one of the equipotential surfaces -

at the pornt of intersection and the line along which an

electron in the beam crosses the other of said equipoten- .
Thus, in Fig. 2A, the angle g’ is the
angle between the line BB’ and the: center: line of the -
beam emitted from cathode 16 at the point where -the -

tial surfaces.

- center line crosses equrpotentral line 14. Line BB’ in

- turn is tangent to equipotential surface 15 and passes
'through the point of intersection of surfaces 14 and 15.
‘It- is to be understood. that ‘because of the exPerr-

15 - _
“mental difficulties in measuring the various: quantities

involved accurately and the complexity of the analytical

o 1ent 16A in which extends a heatrng coil and has a |

20

" electrode 17. -As shown in Fig. 1 and as will be ex- |

~ plained more fully hereinafter, the cathode 16 and beam

| '_forn:nng electrode 17 are desrgned adva:ntageuslyr to con-

- verge the electrons emitted from the cathode into a
. narrow well defined beam. Acceleratrng anode 18 co-

. operates with electrode 17 in forming the electrons into i

30 o

“a beam and addrtronally serves to accelerate the electron
In a typical example,

~ As pointed out in the aforementioned patent of Cook,

o Kompfner and Yocom, the surface of the accelerating

- of the stable region.

“anode 18 which is more approximate to the focusing elec-

- trode system made up of elements 11, 12 and 13, is.
. shaped to coincide substantially with one surface in this = .

. example surface 14, of the two singular equipotential sur- |,
faces associated Wrth such focusing ‘system, to. msure'-

-smooth’ injection of the beam into the field.

- At the downstream end of the array of elements the
electron beam is. collected by a target electrode 20 sche- .
 matically depicted in Fig. 1, ‘which is ‘maintained at a
‘suitably ‘positive potential wrth respect to the electron

L “For instance, the target electrode may be ‘main- -
. tained" at the: potentral of the elements 11 of the array.
o Target electrode 20 is. preferably positioned behind an -
" isolating electrode 21 to minimize the effect of the target
- electrode on the field pattern of the focusing system, as
- pointed” out in the aforementroned patent of Cook
o Kornpfner and Yocom. .

- source.
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- Recent investigation and mathematrcal analysrs of the

o behavror of an electron beam in a slalom focusing sys-
tem has revealed that there are certain optimum condi-
tions of entrance of the beam into the focusing region

which should be observed if maximum stability of the
‘beam is to be realized.

': “which’ deprcts the stabrhty characterrstrcs of the beam

| _equlpotentral surfaces as it is introduced into the focusrng

_- . field. T.he ordinate i is graduated in drmensronless unrts €,
__.-Where ¢ is equalto e . -

&
R

'-_rrght angles to that surface at the crossover -point, and

o a is the wire spacing. In Fig. 2A, which 1s an enlarged

55 -

In Fig. 3 there is shown a graph -
S 60
- in a slalom focusing system of the type shown in Fig. 1.
- The ordrnate of the graph represents drsplacement from

- the crossover of the two equipotential surfaces of the
point where an electron in the beam crosses one of the

65

. e,

~ view of the gun arrangement of Fig. 1, it can be seen

that the drsplacement frorn the rntersectron of the eqrn

~ herein the general prrncrples o
obvious to one skilled in'the art who will be able there-
from to construct arrangements in accordance with such

| 2 5 general principles without departrng from the sp1r1t and

50. absolute value of the optimum  é.

- computations, the specific limits disclosed are merely

illustrative of the -order of the magnitudes involved.
Moreover it is believed that from the discussion 1ncluded -
involved erl become

scope of the invention. For example, a change in elec-.
tron velocity will result in a slight change in the limits

for, respectively, a slightly smaller and a shghtly larger |
value of & than that for line 22. It can be seen that

~ changing parameters results in a slight change in thej,
~ position and shape of the curve deﬁnrng the stable region,
.. Which changes are matters of degree only. Changlngr
the wire diameter will lnrewrse cause a change in the

posrtron and shape of the curves. For example, decreas-'_ |

ing the wire diameter increases somewhat the maximum’'

possible ‘stable beam thickness and also increases the
Such changes in

wire diameter are confined to somewhat Narrow lnmts_- .
because of practrcal consrderatrons such “as excessive -

heating of wires that are too small, and rnterceptlon of_ -

electrons by wires that are too large. e
‘From an examination of the graph of Frg 3 rt can . -

be seen that ‘maximum beam current for a converging

 type beam as shown in Fig. 2A can be achieved by a =

proper positioning of the gun structure so that electrons -

in the beam will enter the focusing region at the optrmurn- " |
angles and displacement from the point of crossover of

the equipotential surfaces. TInasmuch as the closed area

within the line 22 of F1g 3 represents the regron of
- approxrn:rately 100 percent beam stability, that is, the
region wherein substantially all of the electrons in the: |
“beam reach the collector, maximum beam thickness will ~
be represented by the straight line - 1in the graph of
Fig. ‘3 which is totally enclosed by the cnrved line 22

“Such-'a

and which subtends the greatest range of ¢
line for a parallel beam is represented in Fig. 3 by the

e . R | | -'_:'_-hne MN, which has an angle of B=-—11° and which
: eﬂ berng the drsplacement from the equrpotentral surface_ 70

| ) 1ntersects line 22 at two points, where e =1 095 and
~ in the vicinity of which the beam travels, measured at -

| The center of line MN is at ¢=0. The"-; :
1nformatron thus derived from line MN of Fig..3 15"+ =

CALL

of the electrons in the beam emitted- by cathode 16 cross_-' o

utilized in the gun structure of- Frg 2A, as follows.

5 the eqmpotentral surfacc 14 at an. angle of - B= --—11“

In Fig. 3 there is shown a first
stable region defined by the line 22 which Tepresents .
a system where the diameter of a wire in the array is =
approxrmately one-fifth the spacing hetween wires in .
the array and where there rs a partrcular Value of the S
| pararneter 6 where - - | - L



o
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The uppermost electrons in the beam. .as viewed.in

Fig. 2A cross the equipotential 14 at a° displaeement of

!'f!!‘

—4-.095 and the lowermost electrons: in. the beam
as viewed in Fig. 2A cross. equipotential surface 14 at
a displacement of e”"=-—-—-.095... The centerline of the

beam crosses surface 14 at ¢’=0. If the. conditions
indicated by line MN are met, maximum stable beam

thickness 1 a parallel flow type beam . is -realized.. - .
The analysis of Fig. 3 has thus far dealt with ma:umunl

stable beam thickness in a. beam which was made to
Under
certain conditions it may be desirable to introduce .the
beam into the focusing field when it is converging or
even diverging so long as the stability conditions are met.:

enter the focusing region as a parallel flow beam.

In Fig. 2B there is shown schematically the gun portion
of a focusing system such as is depicted in Fig. 1 which

15

. by the lines 22’ and 22",

is properly positioned relative to the crossover of equi-
potential surfaces 14 and 15 so as to produce maximum

stable beam current for a converging type beam. For
the sake of simplicity only the gun portion of the
In
addition the various angles and displacements bear the:

focusing system has been shown as in Fig. 2A.

same designations in order to avoid confusion.

It can be seen from Fig. 3 that when the convergence
angle, that is, the total included angle of the converging .
beam, is known, the curve 22 defines the maximum beam

20

. 6
potentlal surface after crossing. it is ﬁ"”;ﬁ-[— 21“ and the o
angle at which the lowermost electrons in the beam-as
viewed: in Flg 2C leave. the equipotential surface’ after
crossing it 18 . 8" =-—23°, .

crosses surface 14 at an angle B=—10.5°. 1In practice,

of course, the beam will have a finite thlckness at the -
point of introduction into the focusing system, which will
~ cause the line XY to acquire a finite thickness correspond- -

~ ing to the beam thickness, thereby lessenmg shghtly the ”
10 |

maximum permissible beam convergence. |
The foregoing examples were . taken for a. glven set of

velocity conditions, that is, for a given Value of 5. As
~was pointed out in the foregemg, changes in the value of
~ the parameter 6 will result in slight changes in position

and shape of the area defining the stable region, as shown ..
In addition, changes:in various

‘others of the operating parameters may cause -similar

changes in the area defining the stable region. Such

changes, however, are changes in degree only and the |
principles underlymg the invention as discussed for
achieving mamr_num steble beam_ dunenswns remain

| apphcable

It is to be understeod that the spemﬁc arrangements'

| herem described are merely illustrative of the principles -

25

thickness, as given by e, at the place where the beam

crosses the equipotential line.
vergence angle of 6°, maximum beam thlckness is repre-
sented by the line PQ. It can be seen that line PQ

intersects the line 22 at two points. which are defined

on the graph as fB=
e ==— .09,

—14°, &=+4.09 and B=-—8°

For a total included con-’

In addition the midpoint of line PQ which.

30

of the invention, and various other embodiments may be
devised without departing from the spirit and scope of
the invention. In particular, various other types of elec-
tron gun structures may be used to produce a beam- of -
the desired type. - Such other gun structures must, how-
ever, in order to achieve maximum stable beam dimen-

- sions, be positioned in accordance with the teachings'of

‘the present invention. Additionally, the principles of the

- invention are applicable to other types of electrostatic

corresponds to the centerline of the beam is located

at B==
beam as defined by line PQ in Fig. 3 will be formed
if the electrons on the upper outermost edge. of - the
beam as viewed in Fig. 2B cross the equipotential surface

14 at an angle B”"=—14° and at a displacement-

¢’"’=1-.09. Electrons in the lower outermost edge of

the beam as viewed in Fig. 2B cross equipotential 14 at

In addition, the
14 at an.

an angle 8”’=—8° and ”’=—--09
centerline of the beam crosses eqmpotentla

—11° and ¢=0. Referring now to Fig. 2B, the

35

focusing, such as, for example, a focusing arrangement of
the type shown and described in the copending United

- States application Serial No. 534 090 filed September

'4_0:"' system comprising a plurality of spaced conductive- ele- -

13, 1955, by C. F. Quate
‘What 1s claimed is: |
1. In an electron beam system a’ fecusmg electrode

- ments forming a longitudinally extending array and a

angle 8”"=—11° and ¢’=0. All of the electrons which

are introduced into the focusing region -in accordance

with the conditions indicated by the line PQ of Fig. 3.
should arrive at collecting electrode 20, thereby achiev--
ing maximum stable beam thickness at the point of

injection for a beam of this given convergence.

cluded angle of divergence in the san
converging beam.

e manner as for a
It can be seen in Fig.:3 that the maxi-

mum divergence or convergence angle permissible with

45
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the curve 22 is approximately 25° as represented by the.

line XY.
€, 1S Zero.

and B=-142°.
- B=—10.5°.
the gun arrangement of Fig. 2C as follows

The center of the line XY occurs at

the beam with the equipotential surface 14, various types

of electron guns may be utilized. The gun arrangement a5

of Fig. 2C is a schematic representation of one such ar-
rangement wherein a sharply converging beam having a

In such a case, the beam thickness, as given by
The line XY intersects the line 22 at 8==—23°

The information thus obtained is ufilized in
.+ In order to
achieve a diverging beam at the point of intersection of -

60

pair of members on opposite sides of the array for estab-
lishing a pair of periodically crossing singular equipoten-
ttal surfaces in the region between said members, and

means comprising a source of electrons for introducing

an electron beam into the region between said members

across one of said equipotential surfaces at an angle to

the direction of the other of said equipotential surfaces

into the region between one of said conductive elements
and one of said singular equipotential surfaces, said beam
having a correct velocity for flow along sa1d array in the
vicinity of said one equipotential surface..

2. In an electron beam system, the cembmatmn as
claimed in claim 1 wherein at least one of said pair of
members i1s of electrically conducting material. |

3. In an electron beam system, a focusing eleetrode |
system comprising a plurality of spaced cenductwe ele-
ments forming a lenﬂ*ltudmally extending array and a
pair of members on opposite sides. of the array for estab-

- lishing a pair -of permdwally crossing singular equipoten-

focus at approximately the point of intersection with sur-

face 14 is used. It is to be understood that the gun ar-
rangement so shown in Fig. 2C is for purposes of illustra-
tion only and various other suitable arrangements. well

known to those skilled in the art can be utilized.  The
beam emitted by the cathode 16 in Fig. 2C is made to
converge and to cross.the equipotential surface 14 at a
displacement ¢=0. The angle at which the uppermost
electrons in the beam as viewed-in Fig. 2C leave-the -equi-

70

tial surfaces in the region between said members, and

I—I.

means -comprising a source of electrons for introducing

an electron beam into the region between said members,
the axis of said beam directed into the region between -
one of said eqmpotenual surfaces and one of said conduc--
tive elements in a direction at an acute -angle to one of

-said surfaces and ai an angle to the other of said surfaces,

said beam having a correct velocity for flow along said

array in .the vicinity of said one equipotential surface. -
- 4. In an electron beam system, a focusing electrode- -

system. comprising a plurality of spaced conductive ele-:

-ments forming a longitudinally extending array and a.

palr of conductive plates on opposite sides of the array’
° for ESt&thhlﬂg a palr of perlodmally crosemg singular

‘The centerline of the beam

| at the crossover point, the axis of said beam being directed
In the case where a diverging beam is desired, the curve 50 ; 1 ' OIS
22 gives an indication of the maximum permissible beam

thickness at the point of mjectlon for a given total in-:



o

R equlpotentlal surfaees in"the. regwn between said: 15’1":“53S
and-means comprising a source of electrons for introduc-
ing an:electron beam into the region between said equi~

_veloc;tty for flow ‘along sald array in the vicinity of one
of said equipotential- surfaces, the direction of the elec-

- trons in the uppermost portion of the beam as they cross

potential” surfaces and one of $aid conductive -elements

- across .one of -said equtpotentlal surfaces at ‘a correct

- welocity for flow along said array in the vicinity of one

- of said equipotential surfaces, the direction of the elec-

. trons in the beam as they.cross said equipotential surface
being - substanttally ‘the 'same. for all the electrons and
forming an acute angle with the other of said equipoten-

tial surfaces, the axis of said beam being directed into

. the region. between said one eqmpotenttal surfaee and’,
- one ‘of said conductwe ‘elements.’ L S
- 5. In an electron beam system the combmatlen of |
- _:ela;tm 4 characterized in that the upper and lower sur-.
faces of said beam are ‘displaced equal distances from the .
~ crossover point of said equipotential surfaces, .and the
. acute angle is less than twenty-three degrees. o
| 1 system, a focusing electrode .
o .system comprising a plurality of spaced conductive ele-
ments forming a longitudinally - extending array and a

- pair of conductive plates on opposite sides of the array
o for establishing a- palr of penodmally crossing singular -
- equipotential surfaces in the region between said plates

-~ -and means comprising a source of electrons for introduc-
~ ing an electron beam into the region between said equi- |

- potential surfaces and one of said conductive elements

- -across one of said equipotential surfaces at a correct

6. In-an electron’ bea

- velocity for flow along said array in the vicinity of one

~ of said ‘equipotential surfaces, the ‘direction of the elec-

10

said eqmpotentlal s_urfa.c:e being at a first acute angle-to

~the other of said surfaces, the direction of the electrons
1n the lowermost portion of the beam as they cross said
- equipotential surface being at a second acute angle to the -

~ other of said surfaces, and the centerline of the beam
~ crossing said eqmpotentlal surface at a third acute angle

to the other of said surfaces, said first acute ‘angle being -

- less than twenty-one degrees less than seld seeond angle”
- 1n magnitude. | | “

9. In an electron beam system a fecusmg electrede-

o system comprising a plurality of spaced conductive ele-
15
- pair of conductive pletes on opposite sides of the array

ments forming a 10ng1tud1nally extending array and a

- for establishing a pair of periodically crossing singular.

20

equipotential surfaces in the region between said plates -

-and means comprising a source of electrons for introduc-

ing an electron beam into the region between said equi-
potential surfaces and one of said conductwe clements -

~across one of said eqmpotentlel surfaces at a correct -

30

- trons in the uppermost portion of the beam as they cross

~said equipotential surface béing at a first acute angle to :

the other of said surfaces, the direction of the electrons in -

~ the lowermost portion of the beam as they cross said
. equipotential surface beirg at a second acute angle to the
~ other of said surfaces, and the centerline of the beam
- crossing said ‘equipotential surface at a third acute. angle

- to the other of said surfaces, said centerline being di- -
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rected into the region between said one eqmpotentlal SUr-

* face and one of said conductive elements. . -
7. In an eleett'on ‘beam system, ‘a focusmg electrode ‘
R system eompnsmg a plurality of spaced conductive ele-
| a longitudinally extending array and a

“pair of conductive plates on opposite sides of the array

-ments forming ‘a

for este.bhshmg a palr of penedmally crossing singular

- equipotential surfaces in the region between said plates
-+ and means comprising a soirce of electrons for introduc:
~_ing an electron beam into ‘the region between said equi-
potential surfaces and one of said conductive elements 50
- across -one-of said equipotential surfaces at a correct
| Veloc1ty for flow along said array in the vicinity of one”
of said equipotential surfaces, the direction of the elec- E
-~ trons in the uppermost portion of the beam as they cross
. said equipotential surface being at a

| 'the other of said surfaces, the direction of the electrons

first acute angle to
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in the lowermost. portion of the beam as they cross said |

. equipotential surface being at a second acute angle to the
. other of said surfaces, and the centerline of the beam
- crossing said equipotential surface at a ‘third acute angle
to the other of said surfaces, said first acite angle being

- Of lesser magnitude than the second acute angle,.and the

- third acute angle being of greater magnitude than said

| first acute angle and ~of lesser magmtude than the seeend’-- .
o ' ' 85

acute angle. | - - -
-8. In an electren beem system a foeusmg electrede

. across one of sald eqmpetenhal surfaces at a correct

B system. comprising a plurality of spaced conductive ele-"
~ments  forming a leng1tudma11y extendmg array and. a
- pair of conductive ‘plates on opposite sides of the array

- for este.bhshmg a pair of penodteslly crossing singular
_iequ1pete11tlel surfaees in ‘the region between said plates

. -and means comprising a source of electrons for. introduc-

- ing-an electron beam into the region between said equi- .
potenttal surfaces and one of said conductive elements
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_' - velocity for flow along said array in the vicinity of -one
of said equipotential surfaces, the direction of the elec-

trons in the uppermost portion of the bea
 said equipotential surface being at a first acute angle to

] 'the other of said surfaces, the direction of the electrons

in the lowermost portion of the beam as they cross sald__. )
equipotential surface belng at a second acute angle tothe -
- other of said surfaces, and the centerline of the beam = -
crossing said - equtpotenual surface at-a third acute angle =
to the other of said surfaces, said first acute angle being -

of greater magnitude than said second acute angle and

y _'_-;sstd third acute angle being of lesser magnitude than sald' -
90 firgt acute angle and of greater megmtude than ss1d sec:-..i o

ond acute angle

 10. In an electron beam system a focusmg electrede"._' o
| system comprising a plurality-of spaced conductive ele- = -
ments forming a longitudinally extending array and a
pair of conductive ple,tes on opposite sides of the array
for establishing a pslr of permdtcaﬂy crossing singular - -
~equipotential surfaces in the region between said plates =
and means comprising a source of electrons for 111troduc-._ B
ing an electron beam into the region between said equi-
_'_.potenttal surfaces and one: of said conductive elements -
across one of said equipotential surfaces at a correct =
~ velocity for flow along said array in the vicinity of one . =
- of said eqmpotenttel surfaces, the direction of the elec-
troms in the uppermost portion of the beam as they cross
said equipotential surface being at a first acute angle to
- the other of said surfaces, the direction of the electrons-

in the lowermost portion of the beam as they cross said

~equipotential surface being at a second acute angle to the
other of said surfaces, and the centerline of the beam

' crossing said equipotential surface at a third acute angle’ -
to the other of said surfaces, said first acute angle being
~approximately six degrees greater than sa.td secend aeute

-angle 111 magmtude
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