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1

This invention relates in general to devices for
accelerating charged particles such as a stream
of electrons to high velocity and hence high po-
tential on an orbital path by the principle of
magnetic induction.

Electron accelerators of the magnetic induc-
tion type now generally known as a “betatron”
or “ray transformer” are comprised of an evacu-
ated toroidal tube into which electrons are in-
troduced from an electron emissive eathode or
electron. gun, and a magnetic system which pro-
duces a magnetic field varying with time having
a space distribution such that the injected elec-
trons are accelerated by the field along a eircular
orbit. The magnetic field divides into compo-
nents, one component being known as the in-
duction field which produces the electron accel-
eration and the other as the control or guiding
field which produces a centripetal effect upon
the electrons to offset the centrifugal forces re-
sulting from the eircular motion. The electrons
reach an enormously high energy level at which
time they can then be diverted from the orbit for
producing desired results such as for example to
bombard a target and produce X-rays.

In the control field space of the betatron, the
radial field components above and below the plane
in which it is calculated the orbital path will lie
should be of like magnitude and exactly oppo-
site one another. However this ideal relationship
is not always possible. For example, if it should
happen that a removable part of the magnetic
structure above the tube is not aligned exactly
with the corresponding structural part below the

tube when initiaily installed or when replaced -

after having heen removed to replace the tube,
the mis-alignment hetween the two parts may
cause the orbit to become established in a plane
other than the one calculated for it with a pos-
sible attendant loss of those electrons in the
stream which should happen to impinge against
the wall of the tube in the course of their range
of normal oscillatory displacement from the or-
bital path during their acceleration along the
path. Other factors may also result in impinge-
ment of some electrons in the stream upon the
tube wall thus reducing the potential vield of
the electron stream.

The general objective of the present invention
is to prevent any reduction in yield of the elec-
tron stream, and is attained through the use of
like circularly curved conductors disposed re-
spectively above and below the equatorial plane
of the tube and which are counter-connected, i, .
short-circuited with each other.
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Various different arrangements for the con-
ductors are possible within the scope of this in-
vention and & few typical embodiments are
shown in the accompanying drawings.

Fig. 1 is a view in vertical diametral section
on line I-—I of Fig. 2 through a magnetic in-
duction accelerator in which the short circuited,
arcuate conductors, located respectively above
and below the eguatorial plane of the annular
tube are comprised of a plurality of intercon-
nected sets of substantially single turn coils
stepped in diameter and arranged in planes
parallel with the equatorial plane.

Fig. 2 is a horizontal sectional view on line
2—2 of Fig. 1;

Fig. 3 is a view in top plan of a tube showing
a modified arrangement for the leads intercon-
necting the corresponding conductor csils above
and below the equatorial plane in oppesition;

Fig. 4 is a view in top plan of a tube illustrating
a somewhat different construction for the arcuate
conductors in which the latter extend for only
a portion of a complete cirele;

Fig. 5 is a view in transverse section on line
55 of Fig. 4;

Fig. 6 is a view in vertical section of a furthey
modification of the invention wherein the uppexr
and lower short-circuited arcuate conductor sets
are comprised of hands having a curvature cor-
responding to that of the lines of fiux of the
magnetic control field; and

Fig. 7 is a diagrammatic view showing the ar-
rangement for one set of the arcuate conductors.

With reference now to the drawings, and Figs.
1. 2 in particular, the magnetic induction acceler-
ator is seen to be comprised of a magnetic strue-
ture 10 made up from stee! laminations of ap-
propriate contour stacked radially on edge to
brovide a pair of confronting cylindrical indue-
tion poles ii—I{1’ separateg by air gap {2 and
located concentrically along the central vertical
axis a—a, and a pair of confronting annular
control poles 13—{3’ also concentric with axis
¢—a with an air gap {4 therebetween. Yoke
members (5 complete the magnetic eireuit for
a cyclic, time varied magnetic flux set up in the
annular and cylindrical poles. The magnetic
flux in the control poles constitutes the guiding
or control field previously mentioned, and the
flux in the induction poles constitutes the induc-
tion field.

The magnetic flux is produced by a winding
split into two coil sections {6-—ig’ connected in
series for energization from a source, indiegted
by terminals {7, of alternating current of suitable
frequency as for example 100 cycles/sec.
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An annular evacuated glass tube 18 rests in
the air gap 14 between control poles $3—I3’.
Tube 18 is also concentric with axis e—a and
the particular one illustrated has a substan-
tially trapezoidal cross-section. By means of an
electron emissive cathode not shown and which
may be located within the tube 18 or in an arm
portion arranged tangentially thereto, strearas
of electrons are injected in timed relation to
the time-varied magnetic field produced in the
structure 18 by the time-varied current in the
energizing coils {§—I1%’ and are continuously ac-
celerated along an orbital path indicated by the
circle k. Upon completion of the acceleration
phase, the electron stream is then caused toleave
the orbit and impinge upon an anode aiso not
shown to yield X-rays, or the stream may be
removed from the tube for cther purposes as for
use in an ionization chamber.

None of the interrelated controls for inject-
ingthe electron streams into the tube:.and remov-
ing the streams from the orbit have been illus-
trated since many different systems of .control
are well known and moreover are not esseniial
to .an understanding of the present invention.

All the structure so far described is conven-
tional. Coming now to the present inventicn,
it will be seen that on the exterior wall surface
of the tube {8 I have located a plurality of cir-
cularly curved, .clectrically c0uductwe wires
stepped in diameter and srranged in spaced,
parallel relation in planes parallel with the hori-
zontal equatorisl plane b-—b through the tube,
and in which plane the orbit & will also lie under
perfect design conditions. All of the conduciers
are concentric with the vertical axis e¢—«¢, 1. e.
the axis of tube 8. The three conductors {3, 29
and 21 located above the equatorial plang b—b
are paired with twin counterparts 18’, 28’ and
21’ located at like spatial positions below plane
b—b, and each pair 18—197, 20—20’ and 24—2{’
are interconnected by conductor portions {$a—
2ia and {9b—21b, respectively.

The conductor portions 20a, 21a and 285, 2ib
interconnecting arcuate conductor sets 28—28’
and 2{—21’ pass through the central epening
within tube {8 while the conductor portions 19¢,
18b interconnecting arcuate conductor set 1§—487
pass over the outer side of the tube. However
all the interconnecting conductors could pass
through the tube center, or all could be passed
over the outer side of the tube as shown in Fig. 3
wherein the various arcuate eonductors have been
given the same reference numerals for purpose of
comparison.

Each of the arcuate conductors {§—2+ and
19/—21’ extends for substantially 360° and hence
the interconnecting conductors {8¢—21a and
{9b—2 Ib would actually be: rauch closer together
than appears in the drawing where a rather wide
spacing has been maintained for purposes of
clarity. Assuming equal radial flux components
abeve and below the equatorial plane b~—b- of
tube. 18, the flux ¢ traversing the conductor turns
{o—1{9’ will produce in each identical voliages
e, e/, respectively, as indicated in Fig. 7, and
these voltages nullify one another since the two
turns 19—19’ are connected in opposition. The
same will be true for cenduetor turns 20-—26’
and 24---21’. If however, the radial fiux com-
ponents at corresponding spatial positions at
opposite sides of the equatorial plane are not
alike in all respects, the voltages e—e’ will differ
thus setting up a compensating short-cireuit
current in the interconnected. turhs. 18—19'.
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4
The same result will obtain for the other con-
ductor pairs 26--26' and 2i—21’ which likewise
function as short-circuit windings.

Experience has shown that with the aid of
short-circuit windings of the type illustrated in
Figs. 1 and 2, the electron -yield .of the betatron
and hence also the intensity of X-rays produced
by impingment of the accelerated electron stream
against an anode, or the ionization effected in
.an‘ionization chamber by the accelerated electron
stream will be increased substantially.

A somewhat different arrangement for the
compensating short-circuited conductors is il-
lustrated in Figs. 4 and 5 wherein each of the
arcuate conductors concentric with the vertical
axis a—a, extends over only a portion of the com-
plete circumference. Each of the six sets I-VI
of paired conductors extends over 60° of are.
In set I, conductors 22—28 disposed at the upper
side of tube 18 are pagired with and counter-
connected to conductors 22’—28’ disposed at the
under side of tube 8 and located at .corre-
sponding radial distances from axis .a—a. The
connections between the conductor pairs are des-~
ignated 220—28a and 225—28b, and it will be.ob-
served that all of these connections pass over the
outer side of tube i8. The paired conductors in
the other five sets II-VT are arranged in identical-
ly the same manner as those of set I, and lie at
corresponding radial distances from axis .g--—a.
That is, the conductors 22—22’ of each set lie
on the same radius, and the conductors 23-—23’
of each set lie on the same but shorter radius,
ete.

Ancther embodiment of the invention is illus-
trated in Fig. 6 wherein the paired conductors are
constituted by bands of electrically conduetive,
metaliic strip material, preferably copper having
& thickness of the order of 1 mm. or less and a
width of the order of 5 mm. .or more. The six
radially spaced bands disposed slong the upper
surface of tube I8 concentric with axis a—a@ are
numbered 28—33, and those disposed at the Iow-
er surface of the tube are numbered 28'—33’.
As in the Fig. 1 construction, the paired conduc-
tive bands extend over an arc of substantially
360° and are interconnected by conductors 28a—

33a and 28b—388b. Each band is curved in the
direction of its width to conforim to the curva-
ture of the path taken by the control field ¢c
shown in broken lines hetween the confronting
faces of the control poles 13—13’. Basically these
counber-connected bands function in the sawie
manner as the conductor wires of the other pre-
viously described embodiments. However, in the
case of the band which also prevents, through the
short-circuit effect, the occurrence of magnetic
fluxes extending perpendicularly to it, the mag-
netic-control lines of force between the bands are
brought ezactly into the desired direction and
will therefere take the desired course within the
tube {8 with better approximation than can be
obtained: when band-shaped conductors are not
used.

The construction shown in Fig, 6 also. includes
two more bands 38, 35 disposed respectively at
the inner and outer sides of tube {8 and. symmet-
rically with respect to the eguatorial plane. b—b.
The strip material forming thase latter bands:is
iikewise given a curvature conforming to the path
of the contre] flux ¢c and the bands extend in the
direction. of this path from the upper edges of the
upper set of bands 28-—33 to the lower edges of
the lower set of bands 2833/, Because of the
relatively greater widshs, the two bands 34, 35 in-
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fluence the control field ¢ espacially effectively
through the short circuited currents produced in
them. The bands 34, 35 are broken at one point
in their circumference such as by narrow slots
34c and 85¢, respectively.

In all of the embodiments of the invention
which have been illustrated, the compensating
conductors preferably are disposed on the ex-
terior surface of the wall of tuke {8 and may be
attached to the same by any suitable adhesive
such as glue or cement.

It is to be understood that the various embodi-
ments of this invention which have been de-
scribed and illustrated are but typical of the
many practical structural arrangements possible
within the scope of the basic inventive concept
disclosed and as hereinafter defined in the ap-
pended claims.

I claim:

1. A magnetic induetion accelerator for charged
particles comprising a toroidal evacuated tube,
means including a magnetic structure adjacent
said tube and winding means thereon for pro-
ducing a time-varying magnetic field having in-
duction and control components of such spatial
distribution relative to said tube as to normally
confine electrons within the tube to a substan-
tially circular orbit around the tube while accel-
erating them along said orbit, a pair of curved
conductors having a like radius of curvature
mounted concentric with the axis of said tube
and disposed at corresponding positions above
and below the equatorial plane of said tube in
planes parallel with said equatorial plane, and
means interconnecting said conductors in short-
circuit relation with each other whereby the volt-
ages induced respectively therein by said mag-
netic field are opposing.

2. A magnetic induction accelerator as defined
in claim 1 wherein said conductors are secured
directly upon the exterior surface of said tube.

3. A magnetic induction accelerator as defined
in claim 1 and which further includes a curved
band of electrically conductive metallic strip ma-
terial mounted concentric with the axis of said
tube and disposed symmetrically with respect to
the equatorial plane of said tube, said band being
also curved in the direction of its width to co-
incide with the curvature of the path taken by
the control component of said magnetic field.

4, A magnetic induction accelerator as de-
fined in claim 3 wherein said band is located
within the central opening of the said toroidal
tube.

5. A magnetic induction accelerator as de-
fined in claim 3 wherein said band surrounds the
said toroidal tube.

6. A magnetic induction accelerator for
charged particles comprising a toroidal evacu-
ated tube, means including a magnetic structure
adjacent said tube and winding means thereon
for producing a time-varying magnetic field hav-
ing induction and control components of such
spatial distribution relative to said tube as to
normally confine electrons within the tube to a
substantially cireular orbit around the tube while
accelerating them along said orbit, a plurality
of pairs of curved conductors mounted concen-
tric with the axis of said tube, each pair of con-
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ductors having a different radius of curvature
and the conductors of each pair being disposed
abt corresponding positions above and below the
equatorial plane of said tube in planes paraliel
with said equatorial plane, and means inter-
connecting the conductors of each pair in short-
circuit relation with each other whereby the volt-
ages induced respectively therein by said magnetic
field are opposing.

7. A magnetic induction accelerator for charged
particles comprising a toroidal evacuated tube,
means including a magnetic structure adjacent
said tube and winding means thereon for rroduc-
ing a time-varying magnetic field having induc-~
tion and control components of such spatial dis-
tribution relative to said tube as to normasally con-
fine electrons within the tube to a substantially
circular orbit around the tube while accelerating
them along said orbit, a pair of curved bands of
electrically conductive metallic strip material
having a like radius of curvature mounted con-
centric with the axis of said tube and disposed
at corresponding positions above and below the
equatorial plane of said tube parallel with said
equatoria]l plane, said bands being also curved in
the direction of their width to coincide with the
curvature of the path taken by the control com-
ponent of said magnetic field; and means inter-
connecting said bands in short-circuit relation
with each other whereby the voltages induced
respectively therein by said magnetic field are
opposing.

8. A magnetic induction accelerator for charged
particles comprising a toroidal evacuated tube,
means including a magnetic structure adjacent
sald tube and winding means thereon for pro-
ducing a time-varying magnetic field having in-
duction and control components of such spatial
distribution relative to said tube as to normally
confine electrons within the tube to a substan-
tially circular orbit around the tube while ac-
celerating them along said orbit, a plurality of
pairs of curved bands of electrically conductive
metallic strip material mounted concentric with

he axis of said tube, each pair of bands having
s different radius cf curvature and the eonductors
of each pair being disposed at corresponding posi-
tions above and below the equatorial plane of
said tube parallel with said equatorial plane, said
bands being also curved in the direction of their
width to coincide with the curvature of the path
taken by the control component of said magnetic
field, and means interconnecting the bands of
each pair in short-circuit relation with each other
whereby the voltages induced respectively therein
by said magnetic field are opposing.
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