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1. 
The present invention relates to devices in 

which a stream of charged particles is caused by 
a time-varying magnetic field to be accelerated in 
a circular path until they have attained a desired 
speed. They may be discharged finally upon a 
metal target resulting in the production of X 
rays. Devices of this kind are described and 
shown in my prior Patents 2,394,071, 2,394,072 and 
2,394,073 all of February 5, 1946. 
The magnetic field in such devices as hereto 

fore constructed has been undesirably non-uni 
form in phase, with the result that part of the in 
jected electrons were deflected out of their course 
and caused to be prematurely discharged. 

In a magnetic accelerator of former construc 
tion the paths of the magnetic lines of flux were 
of unequal length through the various parts of the 
magnetic structure. The magnetic flux which 
travelled a short path in the magnetic core of 
Such accelerator resulted in less hysteresis and 
eddy current loss than the magnetic flux which 
traveled a longer path. The higher energy loss 
in the parts of the core remote from the center 
may be regarded as caused by electric currents 
which are in phase with the voltage and lag 90 
degrees with respect to the main magnetizing cur 
rent. Such currents would produce a non-uni 
form magnetic field at the electron orbit. This 
disturbing magnetic field is strongest at the crit 
ical part of the cycle of operation of the acceler 
ator namely at the moment of injection of the 
electrons when the guiding magnetic field should 
be weak. It is the object of my invention to pro 
duce uniformity of the magnetic guiding field at 
the electron path, particularly at the instant of 
electron injection, which results in high efficiency 
of Operation. 
In accordance with my invention, compensat 

ing Windings are provided for one or more sec 
tions of the core and these windings are either re 
sistance loaded or are separately excited or are 
So inter-connected as to compensate for the in 
equality of magnetic flux in different parts of the 
core no matter what the cause may be. 
The accompanying drawing shows in Fig. 1 a 

front elevation of an electron accelerator which 
is shown in simplified form; Fig. 2 is a partly sec 
tional plan view of the lower half of an accelera 
tor, shown as provided with interconnected com 
pensating windings, the section being taken at 
the region indicated by dotted lines in Fig. 1, and 
Figs. 3 and 4. illustrate somewhat diagrammati. 
cally other embodiments of my invention. 
An accelerator, as shown in Fig. 1 commonly 

comprises a magnetic core having generally cir 
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cular pole pieces 2, 3 which are coaxial with an 
annular evacuated accelerating chamber 4. The 
core ordinarily consists of laminations as indi 
cated in Fig. 2. The pole pieces 2, 3 of the core 
are tapered near their extremities which may be 
terminated by flat surfaces. Two laminated iron 
discs 5, 6 are supported by insulating disks 40 be 
tween the pole faces for the purpose of decreasing 
the reluctance of the magnetic path at this re 
gion. 
The magnetic core is excited by a pair of series 

connected windings 7, 8 which surround the pole 
pieces 2, 3 and which are energized by an alter 
nating current source, (not shown) to provide a 
time varying cyclic flux in the magnetic circuit 
traversing the chamber 4. 
Within the chamber 4 is provided a thermionic 

cathode 9 as a source of electrons, such cathode 
is only diagrammatically indicated as the above 
noted prior patents describe its construction. A 
cooperating anode 0 also is schematically indi 
cated, the anode being connected to a conductive 
film 42 which lines the chamber 4. As the gen 
eral construction of the magnetic core is described 
in my prior patents reference may be had to such 
patents for more detailed understanding. 
As well understood, the time-varying magnetic 

flux enclosed by the annular chamber 4 causes 
the electrons emitted by the cathode 9 to be con 
tinuously accelerated as they execute repeated 
revolutions during a quarter of a cycle of mag 
netic flux variation. As a result the electrons 
may be caused to assume energies of many mil 
lions of electron volts as a consequence of the con 
tinuous acceleration. As described in prior pat 
ents the annular stream of electrons is contracted 
in diameter automatically when discharge of the 
electrons upon the target 9 is desired. 

Distributional variations in field strength oc 
curring for any reason, for example, as a result 
of the transverse difference of flux lengths of the 
elements of a rectangular core arranged about an 
annular accelerating chamber, as heretofore in 
dicated, results in the magnetic flux at the trans 

5 verse extremities of the core being out of phase 
With the flux near the center of the core where 
the core is more closely adjacent to the annular 
chamber. 
AS indicated in Fig. 2, I have provided in ac 

cordance With one embodiment of my present in 
vention electric windings , 2 and 3, . A which 
are magnetically interlinked respectively with the 
extremities of the core as indicated. The Wind 
ings , 2 are connected in series with a winding 
5 interlinked with a center portion of the core 
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by the conductors 6, 7, 8 and 9. As will be 
evident from the drawing the windings if, f2 are 
Connected in opposition to the winding 5. The 
Windings 3, 4 are connected by the conductors 
20, 2, 22 and 23 to a center coil 24 also in opposi 
tion. The windings , 2 and 5 are connected 
by the conductors 6, 9 to an adjustable resistor 
26. These resistors 25 and 26 are adjusted to 
load the windings the amount required to cause 
the necessary lag of the flux at the center of the 
COce. 
The loading required to produce the desired 

lag of the time-varying flux at the center of the 
core may be produced by Cne or more windings 
linked with the central part of the core as indi 
cated in Fig. 3. Here the winding 27 is con 
nected to an adjustable resistor 28 which loads 
the coil 27 in order to produce the desired lag. 
A similar loaded Winding may be provided on 
the opposite leg of the core as indicated. 
AS ShoWE in Fig. 4 a, coil 29 at one of the 

eXtrenities of the core f may be connected to 
an eXternal Source of e2igy. Here Such a Source 
is repressented by the secondary of a transforgi 
3 the voltage of which is higher than the loop 
Voltage and which is synchronized to be in phase 
With the main Source of alternating current,. 
The transformer 30, the secondary winding of 
Which is connected in series with a variabie 
resistol 3 to the winding 29, compensates for 
phase lag of a portion of the flux by introducing 
an auxiliary flux. Other coils may he provided 
as indicated. 
What I claim as new and desire to Secure by 

Ietters Patent of the United States is: 
1. Appalatus for the acceleration of charged 

particles along an orbital path coin prising a 
SOUTCe Of alternating Voltage; a source of charged 
particles adjacent the locus of Said path and 
energized by Said voltage source to inject said 
particles into said path; a laminated magneti 
cally conductive structure including rotationally 
Syininetirical pole piece means disposed on either 
Side of Said path to provide between them an 
annular gap containing said path, and core means 
magnetically coupled to said pole piece means; 
annular coil means embracing said pole piece 
neans and energized by said voltage source to 
provide a time-varying magnetic fiux, said fux 
being directed by said pole piece means and said 
COIe neans to act upon said particles whereby 
they are inductively accelerated along said peth; 
and Winding means interlinking the lariinations 
of Said Core means and arranged to compensate 
for eddy-current loss effects produced by said 
time-varying flux in Said core means. 

2. Apparatus for acceleration of charged par 
ticles along an orbital path comprising a source 
of alternating voltage; a source of charged par 
ticies adjacent the locus of said path and ener 
gized by said Woltage source to inject said pal'. 
ticles into Said path; a, aiminated magnetically 
conductive structure including rotationally syn 
Inetrical pole piece means disposed on either side 
of said path to provide between opposing pole 
faces an annular gap containing said path, and 
a. Substantially rectangular core means partially 
enclosing and in magnetically conductive relation 
With said pole piece means; annular coil means 
enbracing said pole piece means and energized 
by said voltage source to provide a time-varying 
magnetic flux, Said flux being directed by said 
pole piece means and said core means to act upon 
said particles whereby they may be inductively 
accelerated along said path; and Winding means 
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4. 
interlinking the laminations of Said core means 
and arranged to reduce phase inequalities exist 
ing among portions of Said time-varying mag 
netic flux directed by Said structure. 

3. Apparatus for the acceleration of charged 
particles along an orbital path comprising a 
Source of alternating Voltage; a Source of 
charged particles adjacent the locus of said or 
bital path and energized by said voltage source 
to inject the particles into said orbital path; a 
laminated magnetically conductive structile in 
cluding rotationally Symmetrical pole piece ineans 
disposed on either side of said orbital path to 
provide betWeen them an annular gap containing 
said orbital path, and a substantially rectangular 
core means partially enclosing and in magneti 
cally conductive relation. With Said pole piece 
means; annular coil means embracing said pole 
piece means and energized by said voltage source 
to produce a time-varying fux within said struc 
ture whereby said particles may be inductively 
accelerated along said orbital path, portions of 
said fix following paths of different length in 
said structure; and Winding means connected in 
electrical circuit with resistor means and inter 
linked with the aminations of said COre means 
whereby said time-varying flux nay induce cur 
rents in said winding means to reduce phase in 
equalities existing a nong the portions Of Said 
time-varying fux which follow paths of different 
lengths in said structure. 

4. Apparatus for the acceleration of charged 
particles along an orbital path comprising a 
Source of alternating Voltage; a source of charged 
particles adjacent the locus of said orbital path 
and energized by said voltage Source to inject 
the particles into said orbital path; a laminated 
magnetically conductive structure including ro 
tationally Symmetrical pole piece means disposed 
on either side of said orbital path to provide 
between theim an annular gap containing Said 
orbital path, and a substantially rectangular core 
ineans partially enclosing and in magnetically 
conductive relation. With said pole piece means; 
annular coil means embracing said pole piece 
means and energized by said voltage source to 
produce a time-varying flux within said structure 
whereby said particles may be inductively ac 
celerated along Said orbital path, portions of 
said flux following paths of different lengths in 
said structure; and Winding means interlinking 
the laiminations of said core means and energized 
by said Voltage source to provide an auxiliary 
flux Within Said laminations whereby phase in 
equalities existing among the portions of said 
time-varying fiuX which follow paths of different 
lengths in Said structure may be reduced. 

5. in apparatus for the acceleration of charged 
particles in an Orbital path by the production of 
a time-varying flux which links the path to ac 
celerate the particles and simultaneously estab 
lishes a magnetic field at the locus of the path to 
Constrain the particles to the path, the combina 
tion which comprises a, laminated magnetically 
conductive core means partially Surrounding the 
path to provide a magnetic circuit for the time 
varying flux and a Winding interlinking the lani. 
nations of said core means to produce within said 
laminations an auxiliary flux which counteracts 
eddy-current fluxes generated in said laminations 
by the time-varying flux. 

6. In apparatus for the acceleration of charged 
particles in an orbital path by the production of 
a time-Varying flux which links the path to ac 
celerate the particles and simultaneously estab 
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lishes a magnetic field at the locus of the path to 
Constrain the particles to the path, the combina 
tion which comprises a laminated magnetically 
conductive core means partially surrounding the 
path to provide a circuit for the time-varying 
flux, and winding means connected in electrical 
circuit with resistor means and interlinked with 
the laminations of said core means whereby the 
time-varying flux may induce currents in said 
winding means to compensate for phase inequali 
ties existing among portions of the time-varying 
flux. 

7. In apparatus for the acceleration of charged 
particles in an orbital path by the production of 
a time-varying flux which links the path to ac 
celerate the particles and simultaneously estab 
lishes a magnetic field at the locus of the path to 
constrain the particles to the path, the combina 
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tion which comprises a laminated magnetically 
conductive core means partially surrounding the 
path to provide a circuit for the time-varying 
fiX, and Winding means interlinking the lamina 
tions of said core means and energized by an 
alternating voltage source to provide an auxiliary 
flux which counteracts eddy-current fluxes gen 
erated in Said laminations by the time-varying 
flux. 
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