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This invention particularly relates to evacuatb-
ed, ‘high-voltage, acceleration tubes of unusual
voltage strength and compactness, for the pur-
- pose -of increasing the total voltage and: the volt-
age gradient that can be applied thereo.
. Tn order that the broad principle of the inven-
tion may bhe readily understocd, we have in-the
accompanying drawings disclosed several embodi-
ments or representations of a structure or appa=-

26D

. ratus indicative of the invention and by which the ;30 -

invention may be practiced, and we shall in the
ensuing specification describe merely such pre-
ferred embodiments of the novel acceleration
tube, without limiting ourselves to such type of
tube, nor merely to the disclosed embodiments:is

. thereof. Wae shall also herein set forth, but with-
out limiting ourselves thereto, the best ways
known to us for practicing our invention.

In the United States patent to Trump and
Cloud, I¥o. 2,460,201, dated January 25, 1948, there, .20
is disclosed an acceleration tube, or type of elec-
tronic tube, comprising or-including a series of
metallic disk or diaphragm electrodes alternating
with annular members of glass or other suitable
insulating material. The acceleration tube here- 25
in disclosed is or may be of the same general con-""
struction as that shown in the said patent, and
preferably, as disclosed and claimed in such pat-
ent, we join the metallic disk or diaphragm elec-
trodes and the alternating insulating annular
mermbers with & thermo-plastic or thermo-setting 30
film, which film const 1tutes the vacuuin-sealing
and mechanical ‘bond between such insulating
annular members of glass or other suitable in-
_sulating material, and the said alternating metal-
lic electrode disks or diaphragms of which the 356
envelope of the high-voltage accelerating. tube or

- other. type of . electronic tube is composed-and
which is provided with suitable cathode and an-
ode assemblies.

~Our present - invention is, however, not con- =40
cernad particularly with or hmltea to the man-
ner or means for joining the metallic electrodes
and the insulating annular mernhers to constitute
the envelope of the’ tube, but is concerned with
mesans. for increasing the total voltage which can* 45
be apyplied to the tube for the acceleration of par-
ticies to high energies and for increasing the volt-
- age gradient which can he applied along the'col-
umn of such tube for the progressive acceleration
of charged particles to high energies. Our in-
vention, otherwise stated or as another aspect
thereof, is directed to eans for reducing un-
wanted currents in the onnratlon of such aceel-
‘eration tubes.

50

Ever since thie discovery of X-rays by Roentgen 55

_ (CL 250--217.5)
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in 1895 there have been persistent efforts fo in-
crease the voliage which could be applied to ac-
celeration tubes. The effect of higher voltages
is to increase the penetrating power and inten-
sity of the radiation. X-rays produced by sever-
al million volts are more suitable for the irradia-
tion of deep tumors in cancer therapy and are
capable of quick radiographic examination of
heavy metal sections. Such high-voltage accel-
eration tubes are needed also for the acceleration
of electrons and positive ions in a variety of pure
and.applied research undertakings, including the
investigation of.the structure of the atomic nu-
cleus. .

Multl-stage accelera,tlon tubes capable of op-
erating with voltage gradients of one-million volts
per foot of column have heen successfully built
for two-million volt operation. These voltage
gradients along the column of an evacuated tube
accelerating substantial electron or positive-ion
currents are far in excess of those thus far com-
mon to the art.

The results thus far accomplished have re-

~ quired very extended and long continued research

on the mechanism of voltage insulation in high

_ygeuum, on the electrical and mechanical prop-
- erties of materials used in acceleration tubes, and

on the design and technigue of fabrication, and
respecting the performance of such tubes. Such
extended and lengthy research has resulted in
important imvrovements for which applications
are now pending in the United States Patent Of-
fice in. the names of ourselves or of one of us, as
well as in the said Patent No. 2,460,201, issued to
ourselves, and also in an application ¢f Dr. Van de
Graaff and Dr. Buechner -with whom we have
vbeen associated in the researches referred to.
One of the limitations in the application of

‘ Voltage to an acceleration tube is reached when

high electron currents are developed spontane-
ously within the tube. These currents often
take the form of transients, sometimes referred

‘to as “dark currents,” and our researches have

led us to believe that they are due to the multi-

. plication of some initial electrons by a series of

collisions with the successive metallic disk or
diaphragm electrodes of the acceleration tube,
including the end electrodes theréof. We have,
as the result of our researches, concluded that
secondary emission and high-field electron
emission characteristics of the - electrode sur-

“faces within the -tube play an important role
“in determining the voltage at which such tran-

sients or ‘“dark currents” appear as’ Well as the

‘severity thereof.

Qur researches in this connection have also
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been directed at improving our understanding
of fundamental mechanisms by which particles
are released from metals under the influence of
high electric fields and bombardment by elec-
trons, positive ions and:photons.- & - .

Multi-stage acceleration tubes herem referred
to have, as above stated, been constructed of a

series of metallic electrode disks or diaphragms

spaced apart by the alternating-insulating an-
nular members of glass, porcelain ‘orthe like,
Such metallic electrodes perform- the function
of accelerating and focusing, and have the ad-
vantage that the electric gradient. on .the metal
surface thereof is kept at -2 minimum:-

The said disk or diaphragm:- electrodes have =

peen constructed as rings or annuli; that is to
say, they have been provided with an axial hole
therethrough, and, as disclosed, for example
in our said Patent No. 2,460,201, the -said-axial
holes have all been of the same shape and area.
Such smetallic . electrodes have been :identical
-with each other in shape and size throughout
.the length of the acceleration tube, and the in-
-sulating annular members of -glass, porcelain. or

- the'like have also been identical with each other. :

- The" said electrode disks or diaphragms have
< been-thin and. the annular insulation members
" have been of relatively larger. thickness so that
néxt adjacent metallic electrode disks or dia-
phragms have been separated from each:.other
in .the preferred construction by a substantial
wPart-of an-inch or even .more in-tubes of:larger
-diameter. The outer edges of the metallic elec~
trode disks or diaphragms and the annuiar insu-

lation members have ‘been: substahtially -coter~:

-‘minous, but‘the inner edges of the metalli¢ elec-
‘trode disks or diaphragms have extended inwaid
beyond the inner edges of said annular membera
substantially to the extent indicatéd in - our
‘Patent No. 2,460,201 and provide shielding as ex-
~plained in said patent and in our co- pendmc
applications.

-While our present invention is not hmlted in

its application to acceleration tubes such as that
just’ described, the principle of our- present -in-
“véention will be appalent upon a consideration
"'of the characteristics of such accel ratlon tubes,
taken with the novel featmes of om mventm“l
now to be set forth.
- As a result of our said researches and mvestu-
- gations, we have dzscovered that by pr ogressively
or otherwise varying the dlameter ‘of the axial
holes in ‘the different metalhc -electrode disks
‘or diaphragms of the tube w1t‘1 relatlon to ‘each
other, we thereby reduce the tendencv of an
‘initial charged particle fo multiply. ‘itself many
times over en route from the cathode of: the
acceleration tube to the .anode theregf by.. the
release of secondary erecti ons, photons and p051-
tive ions.

Such multiplication 'of, an . mrtla,l,_ charged
particle is an exponential process similar to that
encountered in the well known “multiplier. tube.”
A typical high-voltage acceleration tube may bz
regarded as a “multiplier tube” with an extraor-
‘dinarily large number of electrodes and. there-
fore could be particularly - effective in - the
-development of unwanted transient currents.of
very high peak values, and this our researches
and experiments -have shown to.be the.case,

- Instead of having the metallic electrode dlSkb
or diaphragms. all provided with the same size
and area of axial hole therethrough,; we progres-
sively or otherwise change the diameters and
areas of the said axial holes of the metallic.elec-

4

trode disks or diaphragms, and therefore avoid
to a large extent the possibility of an initial elec-
tron multiplying itself through successive colli-
sions with intervening . metallic -electrode disks

-or ‘diaphragms while en route from the cathode

to or toward the anode of the acceleration tube.
. This construction and manner of operation
we have discovered to be also efiective in avoid-

-ing such multiplication of positive ions which

10

may- be ‘traveling toward the cathode, and of
photons which are capable of causing photo-
electron emission back near the cathode. Like-
Wise positive ions will be accelerated by the elec-

.tric.field toward the cathode, and should they

16

-impinge-upon a-metallic disk or electrode, they
too will cause -the secondary emission of elec-

. trons which are then accelerated toward the
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anode
‘I certain cases we have secured the desired
effect by progressively increasing the diameters

-of the said axial: holes from the smallest value

-anode end :of the tube.

at-the cathode end to the largest value at the
In other tubes consti-

-tuting embodiments of our invention, we have

started with a fairly large axial hole in .the

-metallic electrode disk or diaphragm next to the

cathode end of the tube and have gradually re-

~duced the diameter and area of the axial holes

of successive metallic electrode disks or. dia-
phragms to the smallest value .at an electrode

.disk or diaphrasm which lies intermediate be-

tween the cathode and the anode of the tube
and then again progressively increased the di-

-ameter.and area of such holes fo.the.largest

35

value at the anode end of the tube. We also, in
other . emboediments of “our  invention, have

-changed the diameters or areas of the axial holes

of the metallic electrode disks or. diaphragms
stepwise; that is to say, we have provided two,
three or more electrode disks or diaphragms hav-
ing:a given diameter of axial hole therethrough

:at or near the cathode end of the tube, and

then have made a discreet change by increase
or by decrease to-a new diameter in certain suc-
ceeding -electrode disks or diaphragms of the
‘tube, -and- so ‘on throughout the tube to or to—
ward the anode end.

“While we have in preceding pa,ragraphs re-
fe_rred to several embodiments of our invention,
it-is to be understood that we are not limited
We-have chosen in the drawings to il-
lustrate five different embodiments of our inven-

"tion and they will be hereinafter- specifically re-

ferred to.
In all of the cases 1nd1cated we have- found
that “dark currents” or transients of the type

‘referred to have been substantially reduced at

a given voltage and that the permissible voltage
to give satisfactory operation has been mgmﬁ-
cantly increased.

By progressively or otherwise changing, length-

‘wise the acceleration tube, the geometry of ths

electrode disks or diaphragms with respect to
the diameter and area of the axial holes there~

through in aecordance with our invention, we re-

duce the possibility of exponential multiplica-
tion of .random and scattered charged particles,
and we have found that we. have achieved a
fundamental change in the high-voltage acceler-
ation tube art, thereby  making - possible - both
higher total voltages and higher. voltage gradi-
ents. along the column of the acceleration tube,

.and -thereby- perform- an important function

which has not hitherto been reallzed or achleved

in the-art.:
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‘Without here setting. forth 211 the .different
embodlments of our: invention, we have.in the

‘accompanying drawings set ;forth five. embodi~

ments thereof, and we will now descrlbe them. in
detail.

Referring to the. dra,wmgs

Fig. 1 is.a vertical, long1tud1nal central sec-

.:.txon with an intermediate part broken away,
- taken through an acceleration tube embodying

“our invention, and wherein the axial circular. i

holes through the metallic electrode disks or-dia-

- phragms gradually increase in diameter from the
. cathode end to the anode end of the tube;
.. Fig. 2 is.a sectional view similar.to Fig. 1,

'but disclosing a construction. wherein the. axial.

_circular holes in the metallic electrode disks or
. diaphragms gradually decrease.in diameter to
. an electrode disk or diaphragm intermediate the
_cathode and the anode assemblies, herein about
.. one-quarter way down the tube column, and then
- gradually increase in diameter to the maximum
- area at the anode end of the acceleration tube;

. Fig. 3 is a sectional view generally similar to
Fig. 1, but showing a construction wherein the
diameters of the axial circular holes through

- electrode disks or diaphragms incresase:in a series
-.of steps, each step including a small number of
~electrodes- having . the same diameter of . axial
~-holes; .

Fig. 4 is a sectional view generally similar to

WF’lg 2, but showing a construction wherein the

axial circular holes through the electrode disks
or diaphragms are of the largest diameter at the
cathode end of the tube .and uniformly decrease
in diameter as in PFig. 2, and then increase in
steps to the.anode end, each such step including

several electrode disks or diaphragms having the

-same diameter of axial circular holes; and

Figs. 5.and 6 are plan views of modified con-
structions of the metallic electrode disks or dia-

- phragms.

Referring to the drawmgs 111ustrat1ng several
selected embodiments of the structure or ap-
paratus of the invention, but to which our in-
vention is not limited; and first referring to Fig. 1,
there is shown therein the assembly of a sealed-
off .or continuously pumped acceleration tube of

"o two-million voltage or greater having as a part

thereof a cathode assembly indicated generally

~at 1, and an anode assembly indicated generally

Sab 2.0

The .said: acceleration tube is-in practice

- mounted within a high-voltage generator in such
_a’ way that the cathode end is within the high-

voltage terminal and the tube column is within

_the column of the generator itself,

The cathode-assembly is herein shown as com-
prising a removable cathode head 3 secured by

. bolts 4 to the body portion 5 of the said cathode

assembly, there being a suitable circular gasket
6. between said parts 3 and 5. A suitable insu-
lated filament lead 7 is provided, having a suit-
able filament 8, such as tungsten, which may

be .such .as::is: disclosed in our said Patent

2,460,201. The anode assembly 2 of suitable con~

structmn is provided with an anode target 9 pref- o

_erably. of gold, as disclosed in one of the pendmg

applications hereinbefore referred to.

_ The column or envelope of the acceleratlon
tube is composed of a multiplicity of alternating
glass; porcelain or other annular insulation mem-
bers 10 and metallic electrode disks or dia-

.phragms |1 which desirably are bonded: together

by a plastic film, as fully disclosed and claimed

in our said  Patent 2,460,201, but:which film is
not 1nd1cated in the drawings because of draft- .

¢ ing space:limitations. '

8

+The:said.annular insula-

tion-members 10 and.the metallic: electrode disks
--or diaphragms -1 lie accurately placed in planes

20"
" ahode’assembly, both desirably ponded “to said
'assembhes respectwely, as in our said Patent

23

- perpendicular to the axis of the acceleration tube
- and are placed at equal:distances. apart.: For ex-
“ample, the said electrode disks or diaphragms
. {1 _are ‘desirably placed one-third of an inch
- apart.
- tion tube. is shown as transversely broken away,

‘ because of drafting space limitations. . :
.. While: our invention is in no wise limited to
- the disclosed. size and relative proportien of parts,
. or the number of annular insulation members and
electrode disks or -diaphragms,; the insulating
. column of the acceleration tube shown in Fig. 1,
_igin the present instance, in practice, twenty-
. four-‘inches long, and includes thirty-four annu-

The insulating column:of the accelera-

lar insulation members or rings 18, there being
such 'an..insulation member or ring 19 next to
the cathode assembly | and anotheyr next to the

2,460,201.
There are, in practlce in the a,ccelerahon tube
represented in Fig. 1, thirty-three metallic elec-

“trode disks or-diaphragms I{ respectively alter-

30

45

R

" coterminous.

‘nating: throughout the said acceleration tube

with the annular insulation members 18. The
outer edges of the said annular insulation mem-
bers 18 and of the metallic electrode disks or
diaphragms 11 are substantially, though not ex-
actly, coterminous, and in the example of the in~
vention represented in-Fig. 1, the column or en-
velope:of the acceleration tube has an extreme

. outside diameter of four and a half inches.

~The- diameter of the axial holes through- the

- annular insulation members or rings 10 is uni-

form throughout the tube and is such that the

-internal diameter of the insulating column at
40°

the inner wall at said annular insulation mem-
bers 10 is three inches. Each annular insula-

-tion member 10 is nearly three-quarters of an

inch thick in said disclosed embodiment of the
invention.
We have referred to the outer edges of the an-

‘nular insulation members 10 and the metallic

electrode disks or diaphragms |{ as substantially
Actually the outside diameter of
the said electrode disks or diaphragms {f{ is, in
the disclosure referred to, four and three-

- quarters inches as compared with the said four

and one-=half inch outside diameter of the annu-
lar insulation members {0, and each of said elec-

‘trode disks or cha.phragms {1 has a thickness of

.050 of an inch.
Fach of the said metalhc electrode disks or
diaphragms il is provided with an axial hole

- therethrough, to which the numeral |2 is gener

ally ‘applied.  "As. already stated, in-prior con-
structions the axial holes of the entire series of
electrode disks or diaphragms -were of the same
diameter and area. .

.- For. the -reasons hereinbefore stated (that is,

for the purpose of. increasing the -total voltage

that can be applied to the acceleration tube for

‘the acceleration of particles to high energies, and

for the purpose of increasing the voltage gradient

~which can be applied along the column of the

tube for the progressive acceleration of charged

particles . to high energies), the electrode disks

or. diaphragms i are, in accordance with our
present. invention, arranged with progressively
varying internal geometry.

. In Fig. 1, the axial circular holes 12 pro-

:gressively increase in size from a smallest value
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- gt thecathodeénd =of "the mécelerition tubeto
2o larger vglue-ator-near the anode.end thereof.
+In'the construction shown in Fig.:1;the diameter
.. of.the axial circular hole: 12 in the topmost elec-

-trode disk or.diaphragm is:three-quarters of:an .

inch, and the size of said axial holes 12-gradually
--and uniformly: increases: throughout-the:entire
--.series: of :electrode disks or diaphragms to g di-
. ameter:of the circular axial hole.0f the:eléctrade

disk or diaphragm nearest-the ahodeend of two

inches.. Other dimensionsimay-be:used: within
. the scope and purpose .of our <nvention,.as: the
. important feature is that the inner-edges:of the
- metallic disks or diaphragms:do not lie exactly
..one over the other, but progressively. extend
-further inward or ‘outward;-and-thisris: also:true
~of the other. embod1ments of our 1nvent10n herem
~disclosed.: = - Ol ol

Another embodiment - of the mventaon s rep-
~Tfesented in Fig. 2, wherein ‘the-structure is-the
same as in Fig. 1, excepting with respect to.the
diameters of the.axial circular holes i2:through
the respective electrode d1sks or dlaphragms ‘"
_of said Fig, 2.

In the structure shown in Flg 2 the ax1a1 cir-
.culayr hole 12 through the topmost. ele_ctrode disk
or diaphragm: Il is two.inches, and-in suceessive
electrode disks.or diaphragms:11:the size of: the
.axial holes {2 thereof rgradually- decreases to
-three= quarters of -an-inch in diameter -at-the
- eighth .electrode disk -or - diaphragm : from. .the
-cathode end of the tube, and:from there on to

-the anode end of the .tube, the diameter of -the
-axial circular holes:12 gradually-increases.to two
inches:
~eircular holes gradually decreases toqa -point-sub-
-stantially one-quarteri.of -the-distance-:between
-the- cathode: assembly.-and the anode assembly
-and from there on-gradually:inereases: as-just

.aboye; stated. . We: are not, however, l1m' ed -to.

thlS location of smallest axial-epening.-: -
v The construction- shown -in;Flig. 3~r1s m all ~re-
spects similap.to-that shown in. -Fig: 1-excepting
with respect to the diameter of the axial circular
.holes - 12, .through  the. electrode. disks or- dia-
~phragms. I1.: In the. c,enstructlon shewn in: Hig.
3,, the dlameter ofwthe axial. circular. hoeles.: {2
vameslm dlscreet steps, and in ther constructmn
.shown’ in- said F1g 2 each of the sa,ld ‘steps. in~
,Acludes three. disks or diaphragms, the .diameter
.of " Whose .axial c1rcular holes 12 is- the same.
-Thus, in-the. embod1ment of the 1nvent10n shown
Jin F1g 3, there are eleven steps each havmg three
_Successive electrode disks or diaphragms I{-and,

as stated the diameter of the axial.circular holes .

12 of such electrode .disks or -diaphragms-is the
-least in the ﬁrst step of three such disks .or- dia-
.phragms all having the same diameter of: -axial
-circular hole 12, is very slightly gfeater in the
next step of .three .disks or diaphragms: 14 :all
-hawving -axial circular:holes. 12, of:such’ slightly
larger diameter, and so on throughout.all the
.eleven or-other number. of :steps. (eleven such
-steps being-indicated .in: Fig. 3); the diameter. of
<the axial hoeles :12:throiigh the electrode disks or
.diaphragms of each such step being very.slightly
-greater: than in the next preceding step. - =
e:.-In-~the-embodiment.of thé invention shown in
Fig.:4, the construction-is the same ds in Fig. 2,
excepting . with. respect .to: the diameter. of -the
waxial.circular -holes:42;0f the disks.or-diaphragms
A vis In the- constructloneshown An Fig.: 4y.the-di-
ameter of the axial circ¢ular holes:{2.gradually
-and uniformly- decreases:::(thoeugh the:idecrease

Jnay be.in-steps.as:in. Fig..:2) ;=from: the largest ..

~Thus in Fig:»2 the diameter. of-the:axial »;

5

10.
-circular holes 12 slightly increase in each suc-
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diameter of two inches of the topmost ‘eléctiode
*disk-or diaphragm: {if :-nearest the cathode assem-

bly to.the eighth disk or.diaphragm i1 from said
electrode assembly ‘and then the diameter of the
axial circular holes 12 from there on to the anode
end of the tube increases in:steps, each-step. in-
cluding three or four disks or diaphragms {1, and
all the disks or diaphragms 11 of each step have
the same diameter of axial circular holes {2
among themselves, but the diameters of said axial

ceeding step or group to thé maximum diameter
of two inches:at the anode end of the accelera-
“We ‘are net, however, limited to thls
- location of smallest aXial opening. '

- With respect to the construction shownsin F.’lgs.

'.2 and 4 wherein, through & portion of the tube

extending from the ‘cathode end, the diameters

and areas of the axial holes in the metallic elec-

trodes  decrease instéad ‘of increasing; it will be
observed that in such constructions the inner
edges-of the metallic disks or diaphragms do not
lie directly one over-another; but-terminate at
: different’ d1stances from the ax1al center of the
tube.

Therefore p051t1ve ions, for example, at. some
point, such as the inner edge of a metallic disk
or diaphragm -where; or' néar where, the axial
holes are of the least area and diameter, would
be accelerated toward the cathode end of the tube

-but would “fall” or' pass free of the disk or dia-

phragm. electrodes in transit, and hence would
have reduced oppertunity for producing second-
ary electrons by impact; and moreover any elec-
trons originating in the referred to portion of the
tube would tend to be collected by the succeeding
disks or diaphragms in that ‘portion of the tube,
since such metallic disks or diaphragms ‘progres-
. sively jut out more and more toward the aXIal
center of the tube.

Although we have herein given precise dlmen-

- sions-of parts, our invention is hot'limited theére-

. to, and in* other -embodiments of the invention
other dimensions-of the ‘parts may be employed
w1th1n the scope of the'invention: .

-In -those -embodiments  of our:invention thus

--far»~5peciﬁcally~ described, each of the electrode
-disks or diaphragms is provided with an axial

hole only; these holes varying in area or diameter
as hereinbefore described:-- In the case of certain
- of the electrode disks-or- diaphragms, especially-
those in whieh the axial:holes are of the least
.ares or-diameter, and.where the tube is intended
for the: acceleration of positive ions; the redue-
tion of the area:of axial holes . does or may cut
_down, the pumping speed of the tubes.

Posxtlve ion acceleratlon tubes usually have hy-
drogen or deuterium gas- escaping into them from
.~ the ion -source, sp that pumping .speed is an im-
portant: consuderatlon _"Therefore;-in. those dia-
.phrams where the; area of the-axial hole is actu-
ally rather small, we provide one or more addi-
tlonal small holes to assist in maintaining pump-
.ing speed.. Such additional -hole or holés, how-
.ever,-has.or: have little effect on the operatmn of
the dlaphra.gm or.. dlaphragms as.an- electro-
static lens. - - .

~In-Fig.- 5. we have represented in plan view one
of the electrode disks or diaphragms i, such as
a diaphragm. represented in Fig.- 2 as having an
aXial hole having - diameter of three—quarters
of an inch. In such an électrode, and if-desired
:in ganumber of:the. d1aphragms of smallest di-
~ameter, we provide: one ‘'or more addltmnal Small
throulgh-holes 43."7In said figure, two ‘such addi-
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t1onal small holes are. prov1ded at. oppos1te s1des
of the axial hole 12.. We may provide one or.
more than two of the additional small holes and.
[pos1t10n them at any desired point. .

In Figs. 1 to 4, the axial holes are ‘all cen-. 5
trally and congcentrically positioned and differ-as.
described in diameter or area. While we prefer
the, constructions. shown. in Figs. 1 to 4, we may
make the axial holes in the disks or diaphragms.-
all of the same size or substantially the same size, . 10
bu_.t_ position them eccentrically with.respect to.
the actual center of the said disks or diaphragms. '
We may vary such. eccentricity -by progressively -
advancing circumferentially in .successive di-
aphragms or groups of diaphragms. .That is to 15
say, we. change the orientation slightly of -these -
holes. - 'We_may alternately advance and retard-
such eccentricity in-successive. diaphragms. - The -
purpose of suich construction is to trap sooner or:
later. the non-axial: charged- particles, ‘while the 20
ax1al partmles are .focused-and accelerated. :

‘In Fig. 6-we. have represented two diaphragm:
electrodes i 1, and in each- of them is represented

“an ax1a1 hole but 1nstead of making the said :
holes exactly- concentric-or central with-respect 26
to the exdct axis of the diaphragm, they are ec-
centric. w1th respect thereto, as-indicated at 14.

A comparlson of the-two diaphragms-of this fig-
ure. makes,-it..evident -that the -eccentricity is -
slightly. -eircumferentially advanced in the low=-30
er diaphragm . with -respect -to the upper: di-
aphragm. That is; the orientation is slightly :
‘changed.- -As stated, such variation of the eccen-
tricity-may- be -clockwise-or contraclockwise.

Our invention comprehends increasing the 35
voltage gradient which - can be applied to an
evaculated multiple-electrode -tube . for -the ac=
celération of éharged particles. to. high -energies-
and of reducing stray currents in such a tube by
markedly reducing: the tendency for multiplica-
tion of stray charged particles:because of sec-
ondary emission by collision with successive elec~
trode. dlaphragm ‘We_ do -this by providing ‘a:
progresswe var1ance w1th respect to each other:
of-the holes-in the electrodes through which the.

artlcles -passs Such_progressive variance of- theu
holes: in the electrode diaphragms may be in sme,
shape or orientation.  Respecting those forms of'
the invention wherein. the .diameters or areas of
the axial openings. through the metallic electrode’
disks decrease from the cathode end of the tube
onward, as in Figs. 2 and 4, our invention is not
limited to constructions wherein the smallest
axial opening is at any particular point inter-
mediate the cathode and the anode, the inven-
tion being of broad scope in this respect. We
believe, however, that for both electron and posi-
tive-ion acceleration tubes, the most constricted
region should be kept nearer to the cathode end gg
of the tube, but the scope of our invention is not
to be so defined.

Having thus described several embodiments of
the invention, it is be understood that although
specific terms are employed, they are used in a g5
generic and descriptive sense and not for pur-
poses of limitation, the scope of the lnventlon
being set forth in the following claims.

We claim:

1. An evacuated high - voltage acceleration 70
tube for increasing the voltaige and voltage gradi-
ent which can be applied along the insulabing
envelope thereof in effecting the progressive ac-
celeration of charged particles to high energies
and for reducing the tendency to or opportunity 75
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for producing secondary.particles such as elec-,
trons, positive ions and photons in said tube, com-.
prising a multiplicity of metallic ring-like elec-.
trode members and altérnating insulating ring-.

" like members only, bonded . together in face=to-.

face.relation to constitute. the’ insulating enve-.
lope thereof, and -having at its respective ends
cathode and anode -assemblies, the areas or di-.
ameters of the axial holes of the. said metallic |
electrode members of. said. fube _varying. among..
themselves.. :

2. An.. evacuated hlgh - voltage acceleratmn
tube in accordance with claim.1, wherein the said-

. variation of the areas or d1ameters of the axial
“noles of the metalhc electrode members is a pro- -

gressive increase from a smallest value substan--
tially at the.cathode end of the tube to a- larger\
valué toward the anode end thereof. -

3. .An .evacuated h1gh-voltage acceleratlon tube
in accordance with claim 1, wherein the said-vari-;
ation of-the-areas or- dlameters .of the axial ‘holes
of the metallic electrode members- is a«progresr
sive..increase by- groups ; of -said- metallic - elee-

- trodes from.a smallest value substantially at the-

cathode end of the tube to-a-larger value toward i

the anode end thereof. - - st
4. An evacuated h1gh—volta.ge acceleratlon tube

in accordance with claim- 1; wherein the; said -

_variation of the areas or diameters of the axial

holes of the metalhc electrode members is a pro-:
gressive decrease from a smallest value substan-.
tially at the eathode end of the twbe toward the

anoede end thereof.

5.- An evacuated h1gl1-voltage acceleratmn tuube

~in. accordance ; with -claim -1, wherein the said-

vamatlon of the areas or diameters.of the: ax1al
holes of -the metallic electrode members’is a pro~-
gressive decrease from a smallest value substan- -

-Hally at the cathode: end of the tube toward the :
0 anode-end thereof to anintermediate point be~

tween the said cathode and the anode-assemblies -
followed by a progresswe 1ncrease substant1ally
to the anode end. '

6. An evacuated hlgh Voltage acceleratmn tube
in. accordance with claim- -1, wherein: the: said
var1a.t10n of the .areas or: dlameters of .the axial
holes of the metallic electrode ‘members consti-.
tutes- an. eccentmc variation in a cirecumferential -

-direction -of the position of the ‘said axial holes -
0 of said metallic electrode: members with respect @

to the longitudinal axis of the said acceleration
tube.

7. An evacuated high-voltage acceleration tube
for increasing the voltage and voltage gradient

5 which can be applied along the insulating en-

velope thereof in effecting the progressive accel-
eration of charged particles to high energies and
for reducing the tendency to or opportunity for
producing secondary particles such as electrons,
positive ions and photons in said tube, compris-
ing a multiplicity of metallic ring-like electrode
members and alternating insulating ring-like
members only, bonded together in face-to-face
relation to constitute the insulating envelope
thereof, and having at its respective ends cathode
and anode assemblies, the areas or diameters of
the axial holes of the said metallic electrode
members of said tube varying among themselves,
at least one of the metallic electrode members
having substantially a smallest axial opening
therein, being provided with at least one addi-
tional small through-hole to assist in maintain-
ing pumping speed. )

8. An evacuated high-voltage acceleration tube
for the acceleration of particles to high energies
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11.
comprising a multiplicity of metallic ring- -like
electrode members and alternating insulating
ring-like members constituting the insulating en-
velope thereof, the said tube having at its respec-

tive ends cathode and anode assemblies, the said-

tube, for the purpose of increasing the voltage
and Volta.ge gradient which can be applied along.
the insulating envelope théreof for the progres-
sive--acceleration of charged particles” to high

energles having the axial holes of said metallic 10
ring-like electrode members progressively in-.

creased in diameter from a smallest value at the
cathode end of the tube to a larger value near
the anode -end thereof.

9. An evacuated hxgh-voltage accelera,tlon tube 15

for the acceleration of particles to high energies
comprising a multiplicity of metallic’ ring-like
electrode ‘members and alternating msulatlng
ring-like members constituting the insulating en-

velope-thereof; the said tube having at its respec- 2g

tive ends ca.thode and anode assemblies, the said
tube, for the purpose of inereasing the voltage
and voltage gradient which can he applied along -
the insulating envelope thereof for the progres-

sive' acceleration of charged particles to ‘high- 25

energies, having. the ‘axial holes dlﬁerentlated
among themselves by reason of a gradual in-
crease in size thereof from the cathode end to
the anode end of the said tube. :

12. ’
and .alternating with .them and bonded directly:
to them throughout the said tube, the outer edges
of said insulation rings and electrode disks being
substantially co-terminous throughout the length
of the said cylindrical acceleration tube, each of
the said electrode disks being provided with an-
axial hole therethrough for the passage of charged
barticles, the areas or diameters of the said axial
holes 'of the electrode disks being varied with
respect to each other, the said cylindrical accél-
eration tube having a eathode ‘assembly and an

. anode assembly respectlvely bonded to-the ter-:

minal insulation rings at the opposite ends of.
the said cylindrical acceleration tube. .

12. A" ‘cylindrical; evacuated, multiple electrode,
tube for the acceleration of electrons or positive
ions to high energies, comprising a maultiplicity
of insulation rings all of the same external diam-
eter and metallic electrode disks alternating with
them-and bonded directly to them throughout the .

* said tube, the outer edeges of the said insulation

10. An evacuated, multlple electrode, a,ccelera- 30

tion tube for the aceeleration of electrons or posi~’
tive ions to high energies, comprising- a multi-’

plicity of alternating insulation rings and metal--

lic electrode disks only, bonded difectly to each

other throughout the tube, the diameters of- the 35

axial holes of the insulation rings being -uniform-

throughout the tube, the said tube having a eath-" i

ode assembly and an anode assembly bonded di--

rectly at opposite ends to the' final insulation”

rings at said ends, the said electrode disks ‘being 40

each provided with an axial hole therethrough
for the passage of charged particles, the 2 ‘areas or-

diameters of said axial holes of thé said- ‘elec= ©

trode disks only, being varied w1th respect to
each other.’
‘11.: A eylindrical, evacuated multlple electrode
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tube -for the acceleration of: electrons or positive

ions to high energies, compnsmg a multiplicity -

of insulation rings all of the same external diam--

eter. and internal diameter, and metallic’ elec--
trode dlsks thinner than said 1nsulat10n rings;-

60
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rings and electrode disks bemg substantially co-
terminous throughout the length of the said cy-

. lindrical acceleration tube, each of the said elec~

trode disks being provided with an axial hole .
therethrough for the passage of. charged par- .
ticles, the areas or diameters of the said axial
holes of the eicctrode disks being varied with
respect to each other, the said cylindrical accel-
eration tube having a cathode assembly and an

“anode assembly respectively bonded fo the ter- .

minal insulation rings at the opposite ends of
the, said cylmdrlcal acceleration tube. ‘
A JOHN G. TRUMP. .
- ROBERT W. CLOUD.
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