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MAGNETIC INDUCTION ACCELERATOR, 
Donald W. Kerst, Scotia, N. Y., assignor to Gen 

eral Electric Company, a corporation of New 
York 

Application November 13, 1940, Serial No. 365,520 
(C. 250-2) Claims. 

The present invention relates to apparatus for 
accelerating charged particles, such as electrons, 
by means of magnetic induction effects. 

It has previously been proposed to obtain high 
velocity electrons by the use of a closed vessel 
defining an annular path for electron gyration 
and a magnetic system for producing a time 
varying magnetic field of such space distribution 
as to confine electrons projected within the ves 
sel to a circular orbit along which they are con 
tinuously accelerated by the field. However, the 
forms of such apparatus which have heretofore 
been described have been either inoperable or 
operable only in an extremely limited Sense, It 
is an object of the present invention to provide 
an improved magnetic accelerator of the circular 
orbit type which is capable of realizing a Sub 
stantial output of electrons (or other charged 
particles) of very high velocity. 

In the attainment of the foregoing object an 
important feature of the invention consists in 
the provision of improved means for introducing 
charged particles into the orbital path in which 
acceleration is to occur. In particular, it is pro 
posed in this connection to generate Such par 
ticles Within the region of influence of the mag 
netic accelerating field and to project them with 
an initial velocity calculated to assure their 
capture by the field-producing System employed. 
Another important feature of the invention, 

ancillary to the above, consists in the provision 
of means for continuously varying the Velocity 
of the injected particles in a manner correlated 
to the rate of variation of the magnetic accel 
erating field. This increases the length of the 
period during which electrons may be captured 
by the magnetic field and thus leads to an in 
crease in the output of the accelerating appara 
tus as a whole. 
A still further important feature of the inven 

tion comprises the inclusion in connection with 
the acceleration vessel of means for regularizing 
the electric field distribution around the Orbital 
path of the charged particles and for guarding 
the particles against displacement from such 
path by electroStatic causes. 
The aspects of the invention which I desire to 

protect herein are pointed out with particularity 
in the appended claims. The invention itself, 
together with further objects and advantages 
thereof may best be understood by reference to 
the following description taken in connection 
with the drawings in which Fig. 1 is a sectional 
elevation of an accelerating apparatus suitably 
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embodying the invention; Fig. 2 is a cross-sec- 53 

tion taken on line 2-2 of Fig. 1; Fig. 3 repre 
sents an enlarged fragmentary portion of the 
apparatus of Fig. 1; Fig. 3a is a fragmentary 
view showing a possible modification of one fea 
ture of the invention; Fig. 4 is a sectional view 
of a modified form of discharge device adapted 
for use in connection with the invention; Fig. 5 
shows diagrammatically an energizing circuit 
which may be employed in one mode of use of 
the invention; Figs. 6 and 7 show structural 
variations of the pole pieces of the apparatus 
of Fig. 1; Fig. 8 illustrates diagrammatically one 
method of energizing the magnetic system, and 
Fig. 9 shows an alternative arrangement for the 
Sane purp0Se. 

Referring particularly to Fig. 1 there is shown 
in Section a closed glass vessel O which defines 
within its interior a continuous annular chamber 
A. As will be explained in greater detail at a 
later point, the vessel O provides a circular 
orbit in which electrons may be accelerated to a 
high voltage, say, on the order of several million 
volts. The vessel is preferably highly evacuated, 
although the presence of a readily ionizable gas 
at a pressure not in excess of 10-4 mm. of mer 
cury has some advantages with respect to the 
neutralization of space charge. 
The accelerating mechanism comprises a mag 

netic structure having generally circular pole 
pieces which are coaxial with the annular vessel 
0. These pole pieces include a pair of juxta 

posed circular parts 3 and f4 which consist, for 
example, of compressed powdered iron and which 
are respectively supported on conically tapered 
parts 5 and 6. The tapered parts in turn are 
based upon large cylinders 8 and 9 which con 
nect With closed magnetic cores 2 and 22 so as 
to provide a complete path for magnetic flux. 
The magnetic structure is energized by means of 
a pair of serially connected coils 24, 25 which 
are appropriately mounted on the structure. It 
is aSSumed that the coils are excited from an 
alternating current source or in some other man 
ner adapted to produce a time-varying flux in 
the magnetic circuit. The elements of the mag 
netic structure are, of course, constituted of 
ferromagnetic material and should be of lami 
nated or otherwise subdivided construction, so as 
to avoid the generation of excessive eddy cur 
rents. 
Within the closed vessel O and also within 

the region of influence of the magnetic field 
produced by the pole pieces 5 and 6 there is 
provided a thermionic cathode 28 which, in con 
junction with other electrode structure to be 
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later described, serves to generate a stream of 
electrons. These electrons are affected by the 
magnetic field in two ways. In the first place, 
since the field is in a direction transverse to the 
plane of the electron motion, it tends to force 
the electrons to follow a generally circular orbit. 
Secondly, the time-varying flux inclosed by the 
orbit of any particular electron necessarily pro 
duces an accelerating action on the electron. In 
this latter respect, the apparatus as a whole Con 
sists essentially of a transformer with a single 
turn secondary comprising a circular path along 
which the various electrons are accelerated. Al 
though, in general, the voltage per turn in Such 
a transformer is low, the electrons can achieve 
very high velocities (e. g. Several million volts) 
because of the tremendous number of turns 
which they may execute during a single cycle of 
the field variation. 
It has been shown (see, for example, Steenbeck 

Patent 2,103,303, granted December 28, 1937) 
that by a proper design of the magnetic struc 
ture the field existing at the electron orbit may 
be caused to produce a centripetal force in bal 
ance with the centrifugal tendencies of the ac 
celerated electrons. In general, this result re 
quires that the following relationship be satis 
fied: 

b=2arr2H () 
where b is the flux included within the electron 
orbit, r is the radius of the electron orbit, and 
Hr is the field strength at the Orbit. This equa 
tion obviously means that the flux p must be 
twice as strong as that which would be pro 
duced by a homogeneous field equal to the field 
Hr extending over the entire area enclosed by the 
orbital electron path. 
The condition just specified may be realized by 

making the reluctance of the magnetic path 
greater by an appropriate amount at the electron 
orbit than its average reluctance within the or 
bit. In order to maintain fixed proportionality 
between the enclosed flux and the guide field 
(i. e. the field Hr) at all times during the ac 
celerating period, one may include in the mag 
netic path an air gap or its equivalent. It is 
readily practicable to adjust the dimensions of 
such a gap from point to point over the pole area 
in such a fashion as to effect the balanced rela 
tionship of guide field and enclosed flux which is 
desired for the purposes specified above. 
The balanced relationship just referred to 

represents a condition of stable operation for 
electrons following the ideal orbit, but does not 
take into consideration the requirements of elec 
trons which tend for one reason or another to 
deviate from such an orbit. For example, de 
viation of a particular electron in either the ra 
dial or the axial direction may occur as a result 
of collision of the electron with a gas molecule 
or as a result of space charge effects; the field re 
lationship established by equation (i) does not 
guarantee the restoration of such an electron 
to its desired course. It is found that axial sta 
bility may be obtained by fulfillment of the con 
dition that the space rate of variation of the 
magnetic field in the radial direction shall beneg 
ative; that is, that the field shall continuously de 
crease as one proceeds radially outward. On 
the other hand, radial stability requires fulfill 
ment of the condition that 
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factory compromise between the conditions for 
axial and radial stability may be obtained by 
making H proportional to 

where n is between zero and 1. A relatively small 
value of n, within these limits, causes little axial 
focusing and relatively large radial focusing, 
while a large value of n gives the converse effect. 
A Suitable value of n is found to be 2/3, this be 
ing a value which is substantially realized if the 
magnetic pole pieces are formed in the manner 
indicated in connection with parts 5 and 6 of 
Fig. . 
The effect of the focusing fields referred to in 

the foregoing may be understood by considering 
the Case of a particular electron which is in 
some way displaced from the ideal orbit. If such 
an electron is displaced in an axial direction, the 
axial focusing field will urge the electron back 
toward the ideal orbit, causing it to swing back 
and forth across the orbit with a sort of hunting 
motion. A precisely similar action will occur if 
the electron Suffers a radial displacement or a 
displacement which is partially radial- and par 
tially axial. When the magnetic field is increas 
ing with time (as in the case under considera 
tion), the amplitude of the electron oscillation 
about its ideal Orbits decreases on Successive 
Swings so that there is a tendency for the elec 
tron eventually to be restored to the ideal orbit 
and for the electron stream as a whole to be fo 
cused in Such orbit. 
A principal problem in the operation of ap 

paratus of the type under consideration consists 
in the difficulty experienced in introducing elec 
trons into the accelerator. In general, electrons 
projected into a magnetic field from an external 
source tend to be rejected by the field and will 
be captured by it only if Special conditions exist. 
I have found it possible to a large extent to over 
come the problems of electron injection by pro 
viding an electron source which is actually with 
in the region of influence of the magnetic field 
(specifically within the region in which the field 
obeys the relation 

Ha 
ra 

where n is between unity and one, and hence 
within the region in which radial and axial fo 
cusing can take place, as above explained) and 
which is of such character as to provide elec 
trons having a definite initial direction and ve 
locity. The exemplary arrangement shown for 
this purpose in Figs. 1 and 2 comprises a coiled 
filamentary cathode 28 having substantial exten 
sion in a direction parallel to the axis of sym 
metry of the vessel 0. This cathode is enclosed 
laterally by a pair of metal electrode elements 29 
which are arranged in juxtaposed relation to pro 
vide at their edges a pair of slots which permit 
the escape of electrons emitted by the cathode in 
a direction generally tangential to the outer wall 
of the vessel O. The members 29 are in turn 
enclosed by a somewhat similar pair of conduc 
tive elements 30 positioned to provide slots in 
alignment with the slots provided between the 
members 29. In the operation of the electron 
injector, the electrode elements 29 are normally 
maintained at a potential which is negative with 
respect to the cathode 26, and the elements 30 
are maintained at a relatively positive potential. 

shall not be more negative than -1. A satis- 75. This may be done, for example, by connecting the 
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electrode elements to an external potential 
source 3 ?, as illustrated in Fig. 1. With this ar 
rangement of electrodes, which is shown in some 
what greater detail in Fig. 3, the resultant elec 
trostatic fields tend to produce a thin ribbon of 
electrons proceeding in both directions through 
the slots provided between the various electrode 
elements. With a given direction of the mag 
netic field, only the electrons projected from one 
side of the electrode system are utilized, the re 
mainder (that is, those projected in the other di 
rection) being deflected away from the accelerat 
ing orbit against the outer wall of the enclosing 
vesse. 
The electron injector may, if desired, be posi 

tioned near the inner rather than the Outer 
periphery of the accelerating chamber. This 
alternative construction is illustrated in Fig. 4, 
which shows electrode elements 28, 29' and 80' 
in an appropriate arrangement. 
The velocity imparted to the electrons by the 

positively charged electrode elements 30 (or 36 
in Fig. 4) should be high enough so that scat 
tering due to space charge and to the presence 
of residual gas in the vessel 0 is not excessive, 
and in this connection an electron energy of at 
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least 30 to 40 electron volts is necessary. An 
upper limit on the electron velocity is imposed 
by the condition that the inward displacement 
of a given electron produced by the changing 
magnetic field during the initial orbital transit 
of the electron must be great enough to prevent 
the electron from being intercepted by the injec 
tor electrodes after the completion of such 
transit. In addition, it is necessary that the 
effect of the increasing magnetic field in damp 
ing the back-and-forth oscillations of the elec 
tron as it seeks a stable orbit shall be great 
enough to prevent these oscillations from lead 
ing to interception of the electron. This damp 
ing effect and the inward displacement effect 
above referred to are both inversely related to 
the electron velocity and therefore require Some 
limitation of the latter parameter. In general, 
experimentation has shown that the attainment 
of satisfactory results requires that the electrons 
be injected with an energy of at least several 
hundred electron volts and has shown further 
that energies as high as several thousand elec 
tron volts may be employed without the occur 
rence of excessive electron interception. 
As a further aid with respect to the problem 

of avoiding interception of the electrons by the 
injector electrodes, it is advantageous in Some 
cases to taper the pole pieces 5 and 6 some 
what more steeply than is indicated in Fig. 1 
so as to cause the space distribution of the mag 
netic field to vary inversely as the three-fourths 
power of the radial distance from the center of 
the magnetic structure. With this arrangement, 
it can be shown that electrons which leave the 
injector along more or less divergent paths are 
brought to a sharp focus at the end of each 
orbital transit. These electrons have a better 
chance of missing the injector than electrons 
released under conditions which do not produce 
such focusing. 
In order to assure the capture of injected elec 

trons, there must be a definite correlation be 
tween the velocity of the electrons and the 
strength of the magnetic field at the time of 
injection. In the case in which fixed potentials 
are applied to the electrode parts 29 and 30 so as 
to produce electrons of a single velocity, the 
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netic system only during the brief interval 
when the guide field at some point within the 
chamber has a value calculated to balance 
the centrifugal tendencies of electrons of the 
particular velocity involved. The number of 
electrons which may be captured with this mode 
of operation is therefore relatively limited-al 
though not so much so as to preclude successful 
functioning of the apparatus. 
As an alternative to this procedure, one may 

connect the electrode structures, and particu 
larly the accelerating electrode parts 30, to a 
source of cyclically varying potential which is 
properly synchronized with the exciting source 
for the magnetic field system. With this ar 
rangement, which obviously results in the pro 
duction of electrons of differing initial velocities, 
electrons may be caused to be captured by the 
magnetic field for as long a period as the proper 
correlation between electron velocity and mag 
netic field strength can be maintained. 
The method of electron injection last described 

requires that the voltage on the accelerating 
electrode shall increase about as the square of 
the time, counting zero time as that at which 
the magnetic field is zero. This condition may 
be fulfilled in one way by a circuit of the charac 
ter shown in Fig. 5 in which the injector elec 
trodes 28, 29 and 30 are indicated diagram 
matically. The circuit is triggered through a 
so-called "peaking transformer' 40 which pos 
Sesses a readily Saturable magnetic circuit of 
such character as to facilitate the production 
of sharp pulses of voltage in the transformer 
secondary 4. (The theory and construction of 
transformers of this type are fully described in 
B. D. Bedford Patent No. 1,918,173, granted July 
11, 1933.) The primary winding 42 of the peak 
ing transformer is assumed to be connected in 
series with the magnet coils 24 and 25 of the 
apparatus of Fig. 1, so that the pulses of voltage 
induced in the secondary winding 4f are syn 
chronized with the variations of the field by 
which the electrons within the vessel 0 are 
accelerated. A saturating winding 43, excited 
from a direct current source 44, permits the 
phase relationship between the voltage pulses 
developed in the winding 4 and the variations 
of the magnetic field to be adjusted within close 
limits. With the adjustment which is preferred 
for present purposes, a voltage pulse is generated 
at the beginning of each rising cycle of the 
magnetic field. 
The pulses thus produced are impressed on the 

grid 45 of a high vacuum discharge tube 46. The 
tube 46 includes, in addition to the grid 45, a 
cathode 47 and an anode 48, the latter being 
maintained at an appropriate positive potential. 
An inductance 50 and a condenser 5 are con 
nected serially in the cathode circuit, and a fur 
ther condenser 52 is connected between the anode 
and ground. 
As soon as a pulse of positive potential is in 

pressed on the grid 45 (i. e. from the winding 
4f) the tube 46 is rendered conductive, and the 
energy stored in the condenser 52 is permitted to 
flow into the condenser 5 through the induc 
tance 50. Assuming an appropriate condition of 
resonance of the elements 50 and 5 f, the voltage 
across the latter builds up approximately as the 
Square of the elapsed time, at least for a brief 
initial period. This voltage is impressed on the 
injector electrodes 28, 29 and 30 by means of a 
voltage divider 53, this being connected to the produced electrons will be accepted by the mag- is electrodes as shown. The velocity of the injected 



4. 
electrons is thus caused to vary parabolically with 
time, and the period during which electrons may 
be captured by the changing magnetic field is very 
materially increased. This leads to a correspond 
ing increase in the output of the accelerating ap 
paratus as a whole. 
To maintain the electron beam within the de 

sired orbit, the beam must be fully guarded from 
stray electrostatic fields, especially when the 
energy of the beam is low, since at low energies 
the magnetic forces are small, and adverse elec 

O 

trostatic forces can readily deflect the electrons. 
The elimination of improper electrostatic fields, 
which are apt to arise, for instance, from elec 
trons hitting the walls of the vessel 0, may be 
accomplished by providing a uniformly conduct 
ing lining on the interior Surface of the ac 
celerator chamber. Such a lining may consist, 
for example, of a very thin silver coating 32 ap 
plied by evaporation or otherwise to the chamber 
Surface. (See Fig. 3.) The coating must be of 
sufficiently high resistance to prevent the circu 
lation of eddy currents of Such magnitude as to 
cause excessive heating and is preferably main 
tained at the same potential as the electrodes 30 
(Fig. 1) So as to avoid production. Within the ac 
celerating chamber of transverse fields which 
might tend to cause lateral deflection of the elec 
tron beam. (In Some cases, it is advantageous to 
maintain the coating somewhat positive with re 
Spect to the injector structure in order to estab 
lish fields tending to cause orbitally moving elec 
trons to miss this structure.) Such a coating 
tends to regularize the electric field distribution 
around the electron orbit and to assure the uni- : 
form acceleration of electrons along such orbit. 
Another method of avoiding unwanted elec 

trostatic fields within the acceleration chamber 
is to coil a wire helically around the beam path so 
that it substantially covers the entire interior or 
exterior surface of the enclosing vessel. This 
modification is illustrated in Fig. 3a which shows 
a fragmentary section of an annular vessel l' 
having a wire 33 Wrapped around its external 
surface. Current passed through the wire 33 
from a direct current source 34 produces a mag 
netic field which is directed along the electron 
orbit and which tends to maintain the electron 
beam in focused Condition. Additional focusing 
may be obtained by varying the distribution of 
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the wire coil as by concentrating it at certain 
points to produce magnetic lens effects. 

It is found most expedient to utilize the energy 
of the accelerated electrons indirectly by causing 
them to impinge on a scattering body such as a 
target which is arranged to be struck by the beam 
after it has attained its ultimate speed. Such a 
target is indicated at 35 in Figs. 1 and 2 where it 
is shown as comprising a wedge-shaped metal 
piece having surfaces arranged to be struck by 
electrons proceeding in either direction around 
the annular orbit. The target 35 is preferably 
connected to the conductive coating 32 which lines 
the interior of the tube envelope (as indicated at 
36 in Fig. 1) and is desirably constituted of a 
metal Such as tungsten or lead. With metals of 
the latter class, electrons impinging on the target 
are in part reflected, while the remainder gener 
ate X-rays in a known manner. Either the re 
flected electrons or the X-rays or both may be 
utilized, depending upon the desired application 
of the apparatus. In any case, it is the function 
of the target to make the electron energy avail 
able in Some form outside the acceleration cham 
ber. 
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In order to cause the electron stream to im 

pinge upon the target 35 it is, of course, necessary 
that the electrons be shifted from the orbit in 
which their acceleration occurs. This may be 
done, for example, by destroying the balance be 
tween the accelerating field and the guide field 
as the end of the accelerating cycle is approached. 
(It is obvious that if the enclosed flux becomes too 
great or too Small for a balanced condition to 
exist, the electrons will be diverted outwardly or 
inwardly as the case may be.) In order to pro 
duce Such an unbalance One may employ satura 
tion effects caused, for example, by including a 
Saturable portion in the magnetic structure. 
This may be done in one way by the arrangement 
shown in Fig. 6 which illustrates pole pieces 4' 
and 6' corresponding in essential particulars, 
to the parts f4 and 6 in Fig. 1. The pole piece 
4' is provided at its central area with an insert 
38 consisting, for example, of a quantity of iron 
powder embedied in a suitable non-magnetic 
binder such as an insulating plastic. The com 
position of this insert is made such as to cause 
its iron components to become saturated as the 
magnetic flux approaches its maximum value. 
With this arrangement, the aforesaid saturation 
produces a condition of insufficient enclosed flux 
and results in an inward deflection of the elec 
tron stream which, in the apparatus of Fig. 1, 
permits it to impinge on the target 35. 
A generally similar result can be obtained in 

a different way by the arrangement illustrated in 
Fig. 7, in which the pole piece 4.''' is provided 
with an inset conducting ring 40 (shown in sec 
tion). This ring provides a closed loop for the 
circulation of eddy currents and therefore acts 
as a shading coil which causes the flux linked 
by the ring to lag behind the magnetic field. 
Consequently, when the magnetic field is at a 
maximum, the flux through the shading coil 
continues to increase, thus destroying the pro 
portionality between field and flux. The direc 
tion of this change is such as to cause the elec 
tron path to expand outwardly, and this ar 
rangement is therefore mainly applicable in con 
nection with a System in which the electrons are 
generated at a point near the inner periphery of . 
the annular chamber and are to be intercepted 
at a point near its outer periphery. This is tihe 
case illustrated in Fig. 4, in which the target 
element is shown at 35'. 
Up to this point, no consideration has been 

given to the particular means employed for pro 
ducing a changing field in the magnetic struc 
ture. Such a changing field may be produced 
in One Way by an arrangement such as is shown 
in Fig. 8, which illustrates diagrammatically a 
portion of the structure of Fig. 1. The coils 24 
and 25 are shown connected in parallel with 
each other and with a bank of condensers 52 
which are assumed to be of such capacity as to 
resonate with the inductance of the coils at a 
frequency corresponding to the desired frequency 
of operation of the apparatus. This may be, for 
example, on the order of 600 cycles per second, 
although frequencies differing widely from this 
value are also usable. To Supply the losses of 
the resonant circuit, thus formed, the coils 24 
and 25 may be coupled to single turn coils 53 and 
54 which are directly energized from a high fre 
quency (e. g. 600 cycle) generator 56. A rela 
tively small amount of power supplied by the 
generator will serve to maintain the resonant 
System in excited condition. 
Another way to produce an oscillating magnetic 
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flux of the desired character is to energize a por 
tion of the magnetic circuit with direct current 
and to rotate this portion in such manner that 
it produces an intermittently reversing flux in 
the remainder of the circuit. Such an arrange 
ment is illustrated in Fig. 9 which shows a mag 
netic system having the same general function 
as that of Fig. l. This has pole pieces 60 and 6. 
and a core structure which is indicated as a 
whole by the numeral 62. An intermediate por 
tion 63 of the core structure is mounted So as to 
be independently rotatable and is provided with 
a direct current Winding 66 which is energized 
from an appropriate source 67. By driving the 
rotatable part 63 through the agency of a motor 
68, the flux which it produces through the poles 
is obviously caused to change in periodic fashion. 
The frequency of reversal of the magnetic field 
must be such that the rate of change during the 
period when electrons are being injected is Suf 
ficiently high to make the electron beam miss the 
injector electrodes on its first and Successive 
orbital transitS. 
While the invention has been described by ref 

erence to particular embodiments thereof, it will 
be understood that numerous changes may be 
made without actually departing from the in 
vention. In particular, although the description 
given has been concerned mainly with the ac 
celeration of electrons, it is obvious that the in 
vention is equally applicable in connection with 
other charged particles, such as positive or nega 
tive ions. I therefore aim in the appended claims 
to cover this and all such equivalent variations 
of application and structure as are within the 
true spirit and scope of the foregoing disclosure. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In a magnetic induction accelerator for 

charged particles; a closed vessel defining a 
chamber within which such particles may move 
in a circular path, a magnetic structure outside 
said vessel and comprising opposed, generally 
circular pole pieces which are coaxial with the 
vessel, means for producing a time-varying mag 
netic field between said pole pieces, the pole 
pieces being of outwardly tapered configuration 
such that the magnetic field H varies inversely 
with the radial displacement r according to the 
proportionality 

Hay-A 
rth 

where n is between Zero and unity, and means 
including a source of charged particles within 
the said annular chamber and also within the 
region in which the magnetic field distribution 
follows the aforementioned proportionality for 
projecting charged particles within the annular 
chamber in a definite direction and with a Sub 
stantial initial velocity. 

2. In a magnetic induction electron accelera 
tor; a closed vessel defining a chamber within 
which electrons may move in a circular path, a 
magnetic structure outside Said vessel and con 
prising opposed generally circular pole pieces 
which are coaxial with the vessel, means for pro 
ducing a time-varying magnetic field between the 
pole pieces, the pole pieces being of outwardly 
tapered configuration such that the magnetic 
field H varies inversely with the radial displace 
ment r according to the proportionality 

Ha', 
where an is cetween zero and unity, and electron 
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S 
generating means within said chamber and also 
Within the region. Within which the magnetic 
field distribution follows the aforesaid propor 
tionality, said last-named means comprising a 
Cathode and electrodes COOperating therewith for 
projecting within the annular chamber a directed 
stream of electrons having an initial energy of 
at least Several electron voltS. 

3. In combination, a closed vessel defining a 
rotationally symmetrical chamber, means within 
the chamber and in proximity to a lateral wall 
thereof for generating charged particles, electrode 
structure for initially accelerating charged parti 
cles produced by said last-named means in a di 
rection at least approximately tangential to the 
Said chamber Wall, a magnetic structure outside 
the said vessel for producing a magnetic field 
which increases with time, said field being gen 
erally parallel to the axis of symmetry of said 
chamber and of such space distribution as to con 
fine the said charged particles to a circular orbit 
While continuously accelerating them along said 
orbit, and means for applying to the said ac 
celerating electrode structure a voltage which in 
creases with time in a manner correlated to the 
rate of increase of the said magnetic field. 

4. In combination, a closed vessel defining an 
annular chamber, means within the chamber and 
in proximity to a lateral wall thereof for generat 
ing charged particles, electrodestructure for initi 
ally accelerating charged particles generated by 
Said means in a direction at least approximately 
tangential to the chamber wall, means including 
a magnetic structure outside the said vessel for 
producing a magnetic field which increases 
Sinusoidally with time, said field being generally 
parallel to the axis of Symmetry of said cham 
ber and of Such space distribution as to confine 
the Said charged particles to a circular orbit 
While continuously accelerating them along said 
orbit, and means for applying to the said ac 
celerating electrode structure an accelerating 
voltage which varies as the square of the elapsed 
time whereby a continuous correlation is main 
tained between the velocity of the charged parti 
cles accelerated by the electrode structure and the 
Strength of the magnetic field. 

5. In a magnetic induction electron accelerator; 
a closed vessel defining a chamber within which 
electrons may move in a circular path, a magnetic 
structure outside said vessel and comprising op 
posed generally circular pole pieces which are co 
axial with the vessel, means for producing a time 
Varying magnetic field between said pole pieces, 
the pole pieces being of outwardly tapered con 
figuration such that the magnetic field H varies 
inversely with the radial displacement r accord 
ing to the proportionality 

Hall 
ra 

where n is between zero and unity, electrode 
structure including an electron source within the 
Said annular chamber and also within the region 
in which the magnetic field distribution follows 
the aforementioned proportionality for projecting 
electrons within said chamber with an initial 
energy of at least several electron volts, and a 
target within the said chamber for intercepting 
the said electrons after they have been accelerated 
A. high Velocity by the action of the magnetic 
eld. 
6. In a magnetic induction electron accelerator; 

a closed vessel defining an annular chamber, a 
magnetic structure outside said vessel and com 
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prising opposed, generally circular pole pieces 
which are coaxial with the vessel, means for pro 
ducing a time-varying magnetic field between said 
pole pieces, the pole pieces being of outwardly 
tapered configuration such that the magnetic field 
Hvaries inversely with the radial displacement r 
according to the proportionality 

Hai 
where n is between Zero and unity, electrode 
structure within the said annular chamber and 
also within the region in which the magnetic field 
distribution follows the aforementioned propor 

O 

tionality for projecting electrons within Said an 
nular chamber with an initial energy of at least 
several electron volts, and a conductive lining of 
high resistivity within the said Wessel for regul 
larizing the distribution of electric field therein. 

7. In electronic apparatus of the type which in 
cludes a closed vessel defining an annular path 20 

2,297,805 
for electron gyration and means producing a 
time-varying magnetic field which acts trans 
versely to the plane of the said path and which 
has a space distribution calculated to maintain 
electrons following the path in a confined orbit 
while the electrons are being continuously ac 
celerated by the field, the improvement which 
consists in the combination of electrode structure 
within the closed vessel and also within the region 
of influence of the said magnetic field for project 
ing a directed stream of electrons into the said 
annular path, and means for regularizing the dis 
tribution of electric field around the said annular 
path, said last-named means comprising a wire 
helically surrounding the said annular path for 
shielding the same, and means for passing cur 
rent through the wire to produce a magnetic field 
tending to maintain the electron stream in 
focused condition. 
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