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1. 

This invention relates to magnetic induction 
devices for accelerating charged particles, such 
as electrons, so as to cause the same to attain 
masses and velocities representing energies in the 
hundreds of millions of electron-volts, and con 
stitutes a continuation-in-part of the invention 
disclosed in the copending application entitled 
"Magnetic induction devices,' Serial No. 681,904, 
filed July 9, 1946. 

Existing devices intended to attain the above 
stated objective have suffered from the disadvan 
tage of being limited, in imparting acceleration 
to the charged particles, to not more than a half 
cycle of the driving electromotive force. In addi 
tion, such devices have required inordinately : 
large amounts of iron to impart to the charged 
particles a given amount of energy. 

It is, therefore, an object of the present inven 
tion to provide a magnetic induction device of 
the general character indicated which enables 
the repeated acceleration of the charged particles 
during many half-cycles of the driving electro 
motive force, thereby more easily attaining, with 
relatively weaker driving force, the extremely high 
energy desired. 

It is another object of the present invention 
So to construct the above referred to magnetic 
induction device as to require, in order to arrive 
at a definite energy, the incorporation therein 
of considerably less iron than has heretofore 
been the case, thereby materially reducing cost, 
weight and size. 

Tt is a further object of the present invention 
generally to improve the art of magnetic induc 
tion devices. 
These and other objects of the present inven 

tion, which will become more apparent as the 
detailed description thereof progresses, are at 
tained, briefly, in the following manner: 
An evacuated envelope, made, preferably, of 

glass, and consisting, preferably, of a centrally 
disposed, main body portion from which extends, 
in opposite directions, a pair of loop-like, auxiliary 
body portions communicating with said main 
body portion, is provided with means, for ex 
ample, a conventional electron gun, for introduc 
ing electrons therein. 
Spaced about at least a portion of one of the 

auxiliary body portions of said envelope is a 
plurality of means, preferably, electromagnetic, 
for establishing a plurality of magnetic fields 
transversely therethrough, said fields being con 
stant or time varying, and acting upon the elec 
trons emitted by said gun to Subject the same 
to a first force the direction of which is per 
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pendicular to the direction of said fields, whereby 
said electrons are caused to move in a first closed 
path including the main body portion and the 
last-mentioned auxiliary body portion of said 
envelope. 
Also spaced about at least a portion of the 

last-mentioned body portion of said envelope is 
a plurality of means, preferably, electromagnetic, 
for establishing a plurality of time-varying mag 
netic fields linking said first closed path, said 
time-varying magnetic fields inducing a plurality 
of electromotive forces along the length of said 
first closed path, whereby the electrons moving 
therein are subjected to a second force which 
causes the same to become accelerated. 
The main body portion of said envelope is pro 

vided with means, preferably, partially electro 
magnetic and partially electrostatic, for Switch 
ing, after the first half-cycle of the driving elec 
tromotive force, the electrons accelerated as 
above, from said first closed path to a Second 
closed path which includes the main body por 
tion and the remaining auxiliary body portion of 
said envelope. 
The last-mentioned auxiliary body portion of 

Said envelope, like said first-mentioned auxiliary 
body portion, is provided with a plurality of 
means, preferably, electromagnetic, for subject 
ing the accelerated electrons received therein to 
a third force which causes the same to move in 
an orbit encompassing said second closed path. 
The last-mentioned auxiliary body portion of said 
envelope is also provided with a plurality of 
means, preferably, electromagnetic, for subject 
ing said accelerated electrons to a fourth force 
adapted additionally to accelerate the same. 
The above referred to switching means is SO 

designed that after the second half-cycle of the 
driving electromotive force, the electrons addi 
tionally accelerated during their movement in 
said second closed path are returned from Said 
second closed path to said first closed path, the 
cycle of operations described then repeating, with 
the electrons gaining energy with each Switching 
operation. 

Finally, after a predetermined number of ac 
celerations have been imparted to the electrons, 
the same are released, whereupon the tremendous 
energy gained thereby may be put to any ap 
propriate use. 

In the accompanying specification there shall 
be described, and in the annexed drawings shown, 
an illustrative embodiment of the magnetic in 
duction device of the present invention. It is, 
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invention is not to be limited to the details herein 
shown and described for purposes of illustration 
only, inasmuch as changes therein may be made 
Without the exercise of invention, and within the 
true Spirit and scope of the claims hereto ap 
pended. 

In Said drawings, 
Fig. 1 is a longitudinal sectional view, taken 

Substantially through the center of a magnetic 
induction device assembled in accordance with 
the present invention; 

Fig. 2 is a transverse sectional 
line 2-2 of Fig. 1; and 

Fig. 3 is a schematic diagram of one way in 
which the electrical components included in the 
present invention may be connected to a power 
SOUTCe. 

Referring now more in detail to the aforesaid 
illustrative embodiment of the present invention, 
with particular reference to Figs. 1 and 2 of the 

View taken on 

drawings, the numeral 0...generally designates. 
an hermetically sealed envelope, made, prefer 
ably, of glass, and comprising, preferably, a cen 
trally-disposed, main body portion f of rectan 
gular cross section, from which extends, in op 
posite directions, a pair of loop-like, auxiliary 
body portions 2 and 13 each of which is, pref 
erably, of circular cross-section and communi 
cates, at the opposite ends thereof, with said 
main body portion. ff. 
Mounted at one end of the main body portion 
is an electron gun 4 comprising an electron 

emissive cathode 5, a perforate accelerating 
electrode 6, and a perforate focusing, electrode. 
7, whereby a thin stream of electrons can be . 

introduced into the interior of said envelope 0. 
Mounted within the main body portion f is 

a pair of conducting plates 18 and 9 between 
which, as will hereinafter be more fully described, 
an-electric field is adapted to be established, and 
surrounding said main body portion f is a coil 
20 by means of which, also as will hereinafter be 
more fully described, a magnetic field is adapted. 
to be established lengthwise through said main. 
body portion, parallel to and intermediate the 
plates 8 and 9. 
The mutually perpendicular electric and mag 

netic: fields thus established are in such direc 
tions, and are of such relative intensities, that 
the stream of electrons coming from the gun 4. È 
is deflected, as indicated by the broken line 
marked A, so as to enter the lower curved portion 
2 of the auxiliary body portion 2. 
Disposed at spaced intervals about the lower 

portion 2 of the auxiliary body portion 2 is a 
plurality of Substantially U-shaped electromag 
nets. 22, alternate magnets having their pole 
pieces 23 and 24 straddling the envelope and con 
verging inwardly, and intermediate magnets hay 
ing their pole pieces. 25 and 26 straddling the en 
velope and diverging outwardly, whereby there 
is established allong the length of the lower por 
tion 2 of the auxiliary body portion 2 a plurality 
of transverse magnetic fields the lines of force 
of which bow outwardly. The radial variation in 
these fields should be such as to result in stabiliz 
ing the orbits of the moving electrons. 
The interaction of the magnetic fields thus 

established with the moving electrons entering. 
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4. 
that with which they are emitted from the gun 4. 
AS the electrons leave the lower curved portion 

2 of the auxiliary body portion 2, they enter 
a straight portion 27, and in order to accelerate 
Said electrons, it is necessary to subject them to 
One or more electromotive forces along the length 
of their orbit. For this purpose, a plurality of 
circular electromagnets 28 is disposed along the 
length of the straight portion 27 of the auxiliary 
body portion 2, said electromagnets linking the 
electron orbit within the envelope and, prefer 
ably, being coaxial therewith. 
Each Such electromagnet may comprise a 

closed core 29, which may be laminated, provided 
With a Winding 30 uniformly distributed there 
about in such a manner that after coming around 
to the starting point, it winds back upon itself 
until it again returns to said starting point, all of 
the turns of said winding being in the same direc 
tion. When such a winding is energized, a mag 
netic field is established within the core, but no 
field appears externally of said core, and when 
the energizing current is varied with time, said 
field gives, rise to a time-varying electromotive 
force along the axis of said electromagnet, no. 
part of said magnetic field, however, invading the 
region containing said electromotive force. As 
the moving electrons are impelled by the driving 
electromotive force thus created along the length 
of the straight portion 27 of the auxiliary body 
portion f2, they are accelerated. 
As the accelerated electrons leave the straight portion 27 of the auxiliary body portion 2, they 

enter an upper curved portion 3 which, like the 
lower curved portion 2, is provided along the 
length thereof with a plurality of path-control 
ling electromagnets 22. 
As the electrons leave the upper curved portion 

3f of the auxiliary body portion 2, they return. 
to the main body portion f f, and move in a 
straight line therethrough to complete a first 
closed path, whereupon they again enter the 
lower curved portion 2 to start another excur 
Sion around said first closed path. Said first 
closed path has been indicated in the drawings by 
the broken line marked B. 
The electromagnets 28 may be energized, as 

will hereinafter be more fully described, by a 60 
cycle alternating current, and during the first 
positive alternation of said current, the electrons 
make many excursions about the path B, each 
excursion resulting in acceleration to a greater 
velocity. 
Means, to be hereinafter more fully described, 

are provided whereby at the end of the above 
referred to first positive alternation of the cur 
rent energizing the electromagnets 28, an elec 
tric field is established between the plates 8 and 
9 in Such direction that, in cooperation with the 
magnetic field of the coil 20, it causes the elec 
trons entering the main body portion from the 
upper curved portion 31 of the auxiliary body 
portion 2 to be deflected so as to move along the 
path indicated in the drawings by the reference 
character C and enter the lower curved portion 

of the auxiliary body portion 3 of the envelope 
0. " 
Spaced along the length of the lower curved 

portion 32 of the auxiliary body portion 3 is a 
70 plurality of electromagnets 33, similar to the elec 

tromagnets 22, but so energized that the fields 
thereof are of opposite polarity for the reason 
that, where as in the auxiliary body portion 2, 
the electron movement was assumed to be in a 

75 clockwise direction, in the auxiliary body por 

the lower portion 2 of the auxiliary body portion. 
f2 causes, said electrons to be subjected to a force 
which holds them in a path following the con 
tour of said lower portion 2. The electrons, in 
the device as thus far described, move at a sub stantially uniform speed substantially equal to 
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tion 3, it will be seen that the electron move 
ment is in a counter-clockwise direction. Also, 
as in the case of the electromagnets 22, the pole 
pieces 34 and 35 of alternate electromagnets 33 
straddle the envelope and converge inwardly, 
while the polepieces 36 and 37 of intervening elec 
tromagnets 33 straddle the envelope and diverge 
outwardly. 
As the electrons leave the lower curved portion 

32 of the auxiliary body portion f3, they enter 
a Straight portion 38 Which, like the Straight por 
tion 27 of the auxiliary body portion 2, is linked 
by a plurality of circular electromagnetS 39. The 
latter include laminated cores 4 and Windings 
4, said windings 4 being energized in phase 
opposition to the energizing of the electromagnets 
28 linking the straight portion 2. By this, it 
is meant that in the device as shown in Fig. 1, 
the electromotive forces induced by the electro 
magnets 28 and 39 are displaced in time phase by 
180°. Thus, the electrons entering the straight 
portion 38 of the auxiliary body portion 3 are 
additionally accelerated. 
As the additionally accelerated electrons leave 

said straight portion 38, they enter the upper 
curved portion 42 of the auxiliary body portion 3, 
wherein, by means of another group of electro 
magnets 33, they are guided back to the main 
body portion , through which, in the absence 
of any electric field between the plates 8 and 
i 9, they pass to again enter the lower curved 
portion 32 of the auxiliary body portion 3, 
thereby completing an excursion through a 
second closed path, indicated by the reference 
character D. 

During the first positive half-cycle of the 
current energizing the electromagnets 39, the 
electrons make many excursions Over the path 
D, and with each excursion they become still 
further accelerated. As the end of Said half- : 
cycle, an electric field, of opposite polarity to 
the field which caused the electrons to move 
from path B to path D by way of path C, is 
established between the piates 8 and 9, 
whereby said electrons are caused to reenter 
the lower curved portion 2, by Way of the 
path marked E, and cominence additional ex 
cursions over the path B. 
By thus switching the electrons between the 

paths B and D at the end of each half-cycle of 
the driving electromotive force, tremendous 
velocities and alterations in mass are obtained 
after a few cycles of said driving force. After 
a predetermined number of such cycles, the in 
tensity of the electric field established between 
the plates 8 and 9 may be made such as to 
result in the electrons passing Out of the main 
body portion through the end 43 thereof, 
whereupon the energy gained by said electrons 
may be put to any appropriate use. 

In order to prevent negative Space charge from 
reducing the number of electrons travelling in 
the closed orbits hereinbefore referred to, it 
is desirable to provide the inner surfaces of the 
auxiliary body portions 2 and 3 of the en 
velope A, with a plurality of Spaced netallic 
coatings O', each of said coatings being con 
nected to the positive terminal of a solice of 
voltage (not shown), the negative terminal of 
which may be connected to the cathode 5 of the 
electron gun 4. Preferably, the potential of 
said coatings with respect to the cathode of Said 
gun should be about the same as the potential 
of the accelerating electrode 5 of Said gun. 

Reference is now made to Fig. 3 of the draw 
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6 
ings, wherein a schematic diagram for electri 
cally connecting the components of the device 
of the present invention is set forth. 
As there shown, a portion of the Output of an 

alternating voltage generator $6, which may 
be of a frequency, for exampie, of 60 cycles per 
Second, is applied to the accelerating electro 
magnets 28 to induce an electroinotive force in 
the auxiliary body portion 2 of the envelope 

0, the direction of said electronotive force 
being aSSümed to be Stich as to drive the elec 
irons about the closed path E is a clockwise 
direction viewing Fig. 1. 
Another portion of the otput of te generator 

it is applied through a phase inverter 55, to 
the accelerating electromagnets 39, to induce an 
electromotive force in the auxiliary body por 
tion 3 of the envelope , the direction of Said 
last-harned electronotif r force being Such as 
to drive the accelerated alectrons switched from 
She auxiliary body portion 2 to the auxiliary 
body portion 3 about the closed path in a 
COunter-clockwise direction viawing Sig. ë, tie 
phase inverter 5 displacing the electromotive 
forces developed by the electromagnets 23 aid 
33 in tine phase by 180°. 
A third portion of the output of the generator 
is applied to a rectifier ?, the resultig di 

rect cürrent being applied to the Coil 28 in Stich 
direction, for example, that te north magnetic 
pole of the coil 2i is located adjacent the end 
of the main body portion is opposite the elect 
tron gun || 4. 
A fourth portion of the output of the gener 

ator i is applied, through a phase shifter 87, to 
a frequency multiplier 3, for example, a fre 
Ciency doubler, and the output of the latter 
is applied to a pulse generator 43 adapted to 
transform the sine-wave output, of the generator 
64 into flat-topped pulses of extremely short 
dUltration. for examinple, ... microsecoFfi, said gen 
erator 49 also including nears for increasing 
the amplitude of successive pulses generate 
thereby over a predetermined number of cycles 
???? the initia voltage produced by the generator 

The pulses thus obtained are applied to the 
plates 8 and 9 through a switch 55 designed 
to reverse the polarity of successive pulses. 
The purpose of the frequency multiplier 48 is 

to enable the production of a pulse correspond 
ing to each half-cycle of the driving electrong 
tive force; the purpose of the phase shifter 4 
is to enable the adjustment of the time of the ap 
plication of the switching pulses to coincide with 
the end of each half-cycle of said driving electro 
notive force; the purpose of increasing the ampli 
tude of Successive pulses produced by the genera 
tor 49 is to take into account the increased veloc 
ity of the electrons at each successive switching 
operation; and the purpose of the polarity switch 
50 is to enable reversal of the direction of the elec 
tric field set up between the plates 8 and 9 dur 
ing Successive SWitching Operations So that, at 
one time, the electrons are deflected away from 
the path B to the path. D, and, at the next time, 
from the path D back to the path B, 
A fifth portion of the output of the generator 

44 is applied to a frequency divider 5, one por 
tion of the output of the latter being applied to 
the path-controlling electromagnets 22, and an 
other portion of Said output being applied, 
through a phase inverter 52, to the path-control 
ling electromagnets 33. 
Assuming that the electrons are to be accel 
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erated during five successive cycles of the voltage 
produced by the generator 44, it is necessary that 
each time, during said five cycles, that the elec 
trons pass by the path-controlling electromag 
nets, the fields established by the latter be of 
increased intensity in order to compensate for 
the augmented velocity attained by said electrons 
with each excursion. This may be accomplished 
by applying to the path-controlling electromag 
nets energizing current of a sub-multiple fre 
quency of the driving electromotive force. In 
the case under consideration, inasmuch as the 
gradually increasing field intensity must cover 
the time of five cycles of the driving electromo 
tive force, the frequency of the energizing current 
applied to the path-controlling electromagnets 
should be thre? cycles per second. 
This completes the description of the afore 

said illustrative embodiment of the present in 
Vention. It will be noted from all of the fore 
going that by means of the magnetic induction 
device of the present invention, charged parti 
cles, such as electrons, may be repeatedly accel 
erated during many half cycles of the driving 
electromotive force, thereby enabling the attain 
ment, with less driving force than has heretofore 
been used, of extremely high energies. It will 
further be noted that the magnetic induction de 
Vice of the present invention is so constructed 
that it is necessary to incorporate therein, in 
order to arrive at a given energy, considerably 
less iron than has heretofore been the case, 
thereby materially reducing the cost, weight and 
size of the device. 

Other objects and advantages of the present 
invention Will readily occur to those skilled in 
the art to which the same relates. 
What is claimed is: 
1. A magnetic-induction device comprising: an 

evacuated envelope; a source of electrons, dis 
posed in said envelope, for introducing electrons 
therein; a first magnetic structure, mounted ad 
jacent said envelope, for establishing a first mag 
netic field transversely therethrough; said first 
magnetic field coacting with said electrons to 
Subject them to a first force, causing the same 
to move in a first closed path; a second magnetic 
structure, linking said envelope, for inducing 
along said first closed path a first, time-varying 
electromotive force; said first, time-varying elec 
tromotive force coacting with the electrons mov 
ing in said first closed path to subject them to a 
Second force, causing the same to become accel 
erated; means, mounted adjacent said first closed 
path, for establishing a third, force-producing 
field therethrough; said third, force-producing 
field coacting with said accelerated electrons to 
displace the same from said first closed path; a 
third magnetic structure, mounted adjacent said 
envelope, for establishing a second magnetic field 
transversely therethrough; said second magnetic 
field coacting with Said displaced electrons to 
Subject them to a fourth force, causing the same 
to move in a second closed path; and a fourth 
magnetic structure, linking said envelope, for 
inducing along said-second closed path a second, 
time-varying electromotive force; said second, 
time-varying electromotive force coacting with 
the electrons moving in said second closed path 
to subject them.to a fifth force, causing the same 
to become additionally accelerated. 

2. A magnetic-induction device comprising: an 
evacuated envelope; a source of electrons, dis 
posed in said envelope, for introducing electrons 
therein; a first magnetic structure, mounted ad 

0 

20 

4) 

5 5 

60 

65 

70 

75 

8 
jacent said envelope, for establishing a first mag-.. 
netic field transversely therethrough; said first 
magnetic field coacting with said electrons to sub 
ject them to a first force, causing the same to 
move in a first closed path; a second magnetic 
structure, linking said envelope, for inducing 
along Said first closed path a first, time-varying 
electromotive force; said first, time-varying elec 
tromotive force coacting with the electrons mov 
ing in Said first closed path to subject them to 
a second force, causing the same to become accel 
erated; a third magnetic structure, mounted ad 
jacent Said envelope for establishing a second 
magnetic field transversely therethrough; said 
Second magnetic field coacting with said accel 
erated electrons to subject them to a third force, 
causing the same to move in a second closed 
path; a fourth magnetic structure, linking said 
envelope, for inducing along said second closed 
path a second, time-varying electromotive force; 
Said Second, time-varying electromotive force 
coacting with the electrons moving in said second 
closed path to subject them to a fourth force, 
causing the same to become additionally accel 
erated; and a partially magnetic, partially elec 
trostatic structure, mounted adjacent said closed 
paths, for recurrently establishing magnetic and 
electrostatic fields therethrough; said last-named 
magnetic and electrostatic fields coacting with 
said electrons to subject them to a fifth force, 
causing the same to switch successively between 
Said closed paths. 

3. A magnetic-induction device comprising: an 
evacuated envelope having a main body portion, 
and two auxiliary body portions extending from 
and communicating with Said main body portion; 
a Source of electrons, disposed in the main body 
portion of Said envelope, for introducing electrons 
therein; a first magnetic structure, mounted ad 
jacent one of the auxiliary body portions of said 
envelope, for establishing a first magnetic field 
transversely therethrough; said first magnetic 
field coacting with said electrons to subject them 
to a first force, causing the same to move in a 
first closed path including the main and said 
One of Said auxiliary body portions of said envel 
Ope; a Second magnetic structure, linking said 
One of Said auxiliary body portions of Said en 
Velope, for inducing along said first closed path 
a first, time-varying electromotive force; said 
first, time-varying electromotive force coacting 
with the electrons moving in said first closed path 
to subject them to a second force, causing the 
Same to become accelerated; means, mounted ad 
jacent said first closed path, for establishing a 
third, force-producing field therethrough; said 
third, force-producing field coacting with said 
accelerated electrons to displace the same from 
Said first closed path; a third magnetic struc 
ture, mounted adjacent the other of the auxiliary 
body portions of Said envelope, for establishing a 
Second magnetic field transversely therethrough; 
Said Second magnetic field coacting with said 
displaced electrons to subject them to a fourth 
force, causing the same to move in a second 
closed path including said main and said other 
of Said auxiliary body portions of said envelope; 
and a fourth magnetic structure, linking said 
other of said auxiliary body portions of said en 
Velope, for inducing along said second closed path 
a Second, time-varying electromotive force; said 
Second, time-varying electromotive force coact 
ing With the electrons moving in said second 
closed path to subject them to a fifth force, caus 
ing the same to become additionally accelerated, 
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4. A magnetic-induction device comprising: 
an evacuated envelope having a main body por 
tion, and two auxiliary body portions extending 
from and communicating with Said main body 
portion; a source of electrons, disposed in the 
main body portion of said envelope, for introduc 
ing electrons therein; a first magnetic structure, 
mounted adjacent one of the auxiliary body por 
tions of said envelope, for establishing a first 
magnetic field transversely therethrough; said 
first magnetic field coacting with said electrons 
to subject them to a first force, causing the same 
to move in a first closed path including the main 
and said one of said auxiliary body portions of 
said envelope; a second snagnetic structure, link 
ing said one of said auxiliary body portions of 
said envelope, for inducing along said first closed 
path a first, time-varying electromotive force; 
said first, time-varying electromotive force coact 
ing with the electrons in: (ving in said first closed 
path to subject them to a second force, causing 
the same to become accelerated; a third magnetic 
structure, mointed adjacent the other of the 
auxiliary body portions of said envelope, for es 
tablishing a second magnetic field transversely 
therethrough; said second magnetic field coact 
ing with said accelerated electrons to subject 
them to a third force, causing the same to move 
in a second closed path including said main and 
said other of said auxiliary body portions of Said 
envelope; arid a fourth magnetic structure, link 
ing said other of said auxiliary body portions of 
said envelope, for inducing along Said Second 
closed path a second, time-varying electromotive 
force; said second, time-varying electromotive 
force coacting with the electrons moving in said 
second closed path to subject them to a fourth 
force, causing the same to become additionally 
accelerated; and a partially magnetic, partially 
electrostatic structure, mounted adjacent Said 
closed paths, for recurrently establishing magnet 
ic and electrostatic fields therethrough; Said 
last-named magnetic and electrostatic fields co 
acting with said electrons to Subject them to a 
Fifth force, causing the same to Switch Succes 
sively between said closed paths. 

5. A 2getic-induction device comprising: an 
evacuated envelope; a Source of electrons, dis 
posed in said envelope, for introducing electrons 
therein; a first group of opposed, alternately con 
verging and diverging, U-shaped magnets, each 
of which partially surrounds said envelope, for 
establishing a first magnetic field transversely 
therethrough; said first magnetic field coacting 
with said electrons to subject them to a first 
force, causing the same to move in a first closed 
path; a first group of toroidal electromagnets, 
each of which links said envelope, for inducing 
along said first closed path a first, time-varying 
electromotive force; said first, time-varying elec 
tromotive force coacting With the electrons mov 
ing in Said first closed path to Subject them to a 
Second force, causing the Same to become accel 
erated; means, mounted adjacent said first closed 
path, for establishing a third, force-producing 
field therethrough; Said third, force-producing 
field coacting with said accelerated electrons to 
displace the same from Said first closed path; 
a second group of opposed, alternately converg 
ing and diverging, U-shaped magnets, each of 
which partially surrounds said envelope, for es 
tablishing a second magnetic field transversely 
therethrough; said Second magnetic field coact 
ing with said displaced eiectrons to subject them 
to a fourth force, causing the same to move in 
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10 
a second closed path; and a second group of 
toroidal electromagnets, each of which links 
Said envelope, for inducing along said second 
closed path a second, time-varying electromo 
tive force; Said Second, time-varying electromo 
tive force coacting with the electrons moving in 
said second closed path to subject them to a 
fifth force, causing the same to become addition 
ally accelerated. 

6. A magnetic-induction device comprising: an 
evacuated envelope; a source of electrons, dis 
posed in Said envelope, for introducing electrons 
therein; a first group of opposed, alternately con 
Verging and diverging, U-shaped magnets, each 
of Which partially Surrounds said envelope, for 
establishing a first magnetic field transversely 
therethrough; said first magnetic field coacting 
with said electrons to subject them to a first 
force, causing the same to move in a first closed 
path; a first group of toroidal electromagnets, 
each of which links Said envelope, for inducing 
along Said first closed path a first, time-varying 
electromotive force; said first, time-varying elec 
tromotive force coacting with the electrons mov 
ing in Said first closed path to subject them to a 
Second force, causing the same to become accel 
erated; a Second group of opposed, alternately 
converging and diverging, U-shaped magnets, 
each of which partially Surrounds said envelope, 
for establishing a second magnetic field trans 
Versely therethrough; said second magnetic field 
coacting With said accelerated electrons to subject 
them to a third force, causing the same to move in 
a Second closed path; a second group of toroidal 
alectromagnets, each of which links said en 
Velope, for inducing along Said second closed path 
a Second, time-varying electromotive force; said 
Second, time-varying electromotive force coact 
ing with the electrons moving in said second closed 
path to Subject them to a fourth force, causing 
the same to become additionally accelerated; an 
electromagnet surrounding a portion of said en 
Velope including portions of Said closed paths; 
and a pair of Spaced plates mounted in the por 
tion of said envelope surrounded by said electro 
magnet; Said electromagnet and said spaced 
plates being adapted recurrently to be energized 
to establish magnetic and electrostatic fields co 
acting with said electrons to subject them to a 
fifth force, causing the Same to switch succes 
Sively between said closed paths. 

7. A magnetic-induction device comprising: an 
evacuated envelope having a main body portion, 
and two auxiliary body portions extending from 
and communicating with said main body portion; 
a Source of electrons, disposed in the main body 
portion of Said envelope, for introducing elec 
trons therein; a first group of opposed, alter 
nately converging and diverging, U-shaped mag 
nets, each of Which partially surrounds one of 
the auxiliary body portions of said envelope, for 
establishing a first magnetic field transversely 
therethrough; said first magnetic field coacting 
With Said electrons to subject them to a first 
force, causing the same to move in a first closed 
path including the main and said one of said 
auxiliary body portions of said envelope; a first 
group of toroidal electromagnets, each of which 
links said one of said auxiliary body portions of 
Said envelope, for inducing along said first closed 
path a first, time-varying electromotive force; 
Said first, time-varying electromotive force co 
acting with the electrons moving in said first 
closed path to Subject them to a second force, 
causing the Sane to become accelerated; means, 



ing with said accelerated-electrons to displace 
the same from said first closed path; a second i group of opposed, alternately converging and 

’ diverging, U-shaped´magnets, each of which par 
tially surrounds the other of the auxiliary body 
portions of said envelope, for establishing a sec 
ond magnetic fièld transversely therethrough; 
said second magnetic field coacting with said 

is displaced electrons to subject them to a fourth 
force, causing the same to move in a second 
closed path including said main and said other of 
said auxiliary body portions of said envelope; and 
'a second group of toroidal electromagnets, each 
of which links said other of said auxiliary body 
(portions of said envelope, for inducing along said 
second closed path a second, time-varying elec 
tromotive force; said secônd, time-varying éle 
tromotive force coacting with the electrons f 
ing in said second closed path to subject them 
to a fifth force, causing the same to become ad 
ditionally accelerated. 0 , ?? ??? ?•??> . .'?*. 3 - . ?? * 

8. A magnetic-induction device comprising: an 
evacuated envelope having a main body portion, 
and two auxiliary body portions extending from 
and communicating with said main body portion; 
a source of electrons, disposed in the main body 
portion of said envelope, for introducing electrons 
therein; a first group of opposed, alternately con 
verging and diverging, U-shaped magnets, i ëach 
of which partially surrounds one of the auxiliary 
body portions of said envelope, for establishing 
a first magnètic field tränsversely ther?thröugh; 
said first magnetic field coacting with said elec 
trons to subject them to a first forcë, causing the 
same to move in a first closed path including the 
main and said one of said auxiliary body portions 
of said envelope; a first group of toróidal elec 
tromagnets, each of which links said one of Said 
auxiliary body portions of said envelope, for in 
ducing along said first closed patha me 
varying electromotive force; said first, vary 
ing electromotive forcë coacting with the elëe 
trons moving in said first closed path to subject 
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them to a second force, causing the same to be 
come accelerated; a second group of opposed, al ternately converging and diverging, U-shaped 
magnets, each of which partially surrounds the 

5 other of the auxiliary body portions of said én 
velope, for establishing a second inhagnetic field 
transversely therethrough; said second magnetic 
field coacting with said accelerated electrons to 
'subject them to a third force, causing the same 
to move in a second closed path including said 
main and said other of said auxiliary body por 

itions of said envelope; a second group of toroidal 
electromagnets, each of which links said other 
of said auxiliary body portions of said envelope, 
for inducing along said second closed path a sec 

’’ond, time-varying electromotive force; said Séc 
ond, time-varying electromotive force coacting 
with the electrons moving in said second closed 
path to subject them to a fourth force, causing 
the same to become additionally accelerated; an 
electromagnet surrounding said main body por 
tion of said envelope; and a pair of spaced plates 
mounted in said main body portion; said, elec 
tromagnet and said spaced plates being adapted 
recurrently to be energized to establish magnetic 
and electrostatic fields coacting with said elec 
trons to subject them to a fifth force, causing the 
same to switch successively between said closed 
paths. 
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