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UNITED STATES PATENT OFFICE 
2,653,271 

HIGH-FREQUENCY APPARATUS 
John R. Woodyard, Berkeley, Calif., assignor to 
The Sperry Corporation, a corporation of Dela 
ware 

Application February 5, 1949, Serial No. 74,837 
(C. 315-5) 8 Claims. 

The present invention relates to high fre 
quency apparatus and methods for producing 
high-energy electrically charged particles, and, 
more particularly, the invention is concerned with 
Such apparatus and methods wherein the elec 
tric fields contained within sections of electro 
magnetic wave guides and/or cavity resonator 
devices are utilized to energize the discrete par 
ticles of a beam of particles. 
A principal object of the present invention is 

to provide new and improved apparatus and 
methods for producing a high-energy beam of 
electrically charged particles. 
Another object of the present invention is to 

provide an arrangement for producing a beam 
of electrons having an energy content of the 
Order of a billion electron-volts useful in medi 
cal therapy or for the production of highly pene 
trating X-rays or for other purposes. 

Heretofore there have been employed diverse 
types of apparatus for producing beams of high 
energy charged particles. The known types of 
apparatus may be divided, for the present discus 
Sion, into two general classes, e. g. (1) "round 
and-round' or curvilinear accelerators, and (2) 
linear accelerators. 

The first of the above-named classes includes 
that form of apparatus in which either a static 
or a variable magnetic field is employed, with or 
without accompanying electric fields, to whirl 
electrically charged particles in curved trajec 
tories whereby a progressively increasing amount 
of energy is absorbed by the charged particles. 
This class of acceleration apparatuS has proved 

to be generally Satisfactory for the production of 
electrons of energies up to about 108 electron 
volts. However, it may be shown that, following 
the teachings of the prior methods, the production 
of a beam of electrons having energies about ten 
times that of the presently attainable energies 
necessitates electromagnetS having pole pieces 
roughly 80 feet in diameter. Clearly, appara 
tus of this type is difficult to construct and very 
expensive for the production of billion-electron 
volt beams of electrons. 
A further object of this invention, therefore, 

is to provide a new and improved electron en 
ergizing arrangement of the linear type whereby 
the need for large electromagnets or other Sources 
of intense magnetic fields is substantially elim 
inated. 
The linear types of accelerators heretofore 

utilized for producing streams of electrically 
charged particles Stemmed originally from the 
early forms of cathode ray tubes, wherein elec 
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trons were continuously accelerated in a uni 
directional electric field maintained between a 
cathode and an anode. Due to inherent limi 
tations, the maximum energies obtainable from 
Such unidirectional fields were of the order of 
a few million electron-volts. To extend the 
range of the obtainable energies, alternating 
field types of linear accelerators were used, am 
ploying means for intermittently applying ac 
celerating impulses to the particles. 
In one form, the electrons of the beam were 

exposed to the alternating field for a time ap 
proximately equal to the time of a half-cycle. 
In another form, the electrons were acted on by 
the field a plurality of times, but such accelerat 
ing impulses were Supplied only during the posi 
tive half-cycles of the accelerating field, the par 
ticles being shielded from the field during the 
negative half-cycles so that only half the energy 
Supplied to the field was constructively utilized. 
Later types of alternating current linear accelera 
tors, of both these latter forms, extended the 
limit of the obtainable energy by using high fre 
quency electric fields provided by tuned circuits of 
the lumped parameter type, and, later still, in 
the distributed parameter type of circuit emi 
bodied in cavity resonator apparatus. 
An improved electron energizing apparatus is 

provided by the present invention whereby en 
ergies of the Order of a billion electron volts are 
obtained which is, at least, ten times higher than 
the level previously obtained by prior known 
means. This high level of electron energy is 
realized by the projection of an axial electron 
beam through a cylindrical cavity resonator so 
excited as to Support a Standing electromagnetic 
field whose configuration defines a Zero magnetic 
field in the axial direction and an axial electric 
field characterized by a large number of half 
cycle variations. 
The Spatial Separation of Successive half-cycle 

variations is adjusted to be approximately equal 
to the free-Space half-Wavelength at the operat 
ing frequency, So that when a beam of electrons, 
preliminarily accelerated to velocities nearly equal 
to that of light, is projected axially along the 
resonator axis, these high velocity electrons tra 
verse the Space between successive half-cycle 
Variations in field in Substantially the same time 
that is required for the variations in the electric 
field to occur. Consequently, a significant por 
tion of the electrons encounter electric fields 
favorably disposed for imparting energizing in 
pulses to the beam. Hence, after the beam has 
been Subjected to a predetermined high number 
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of such energizing impulses, corresponding to the 
number of half-cycle variations of the axial elec 
tric field, the energy level of the electrons of the 
beam reaches high values such as 109 electron 
volts. 

Accordingly, the present invention has for an 
other of its objects the provision of an improved 
electron energizing apparatus of the linear type 
wherein cavity resonator means are excited in 
such a manner as to subject a beam of high ve 
locity electrons projected therethrough in an 
axial direction to a plurality of energizing in 
pulses during a single transit of the beam through 
the resonator. . . . . . . . . . . . . . . . . . 

A feature of this invention lies in providing 
a linear type of electron energizing apparatus 
with a cavity resonator excited in a resonalht 
mode such that its standing wave pattern defines 
a zero magnetic field in the axial direction and 
an axial electric field characterized by a plu 
rality of half-cycle variations and an arrange 
ment within said resonator for adjusting the 
spatial separation of successive half-cycle vari 
ations to a value substantially equal to the free 
space half-wavelength at the operating fre 
quency. . . . . . 
Another feature of the present invention is 

to provide, in an electron energizing arrange 
ment of the above descibed character, a cylin 
drical resonator means characterized by the fact 
that the ratio of the length of resonator to its 
diameter of cross-section is very high. 
A further object of the present invention 

consists of providing a method of exciting a 
cavity resonator apparatus whose length is long 
as compared to its diameter which comprises 
the step of exciting said cavity resonator in a 
high order axial electric mode of order (0, 1, n) 
where n is an integer greater than zero. 
A specific feature of the present invention 

lies in the provision of a plurality of constric 
tions formed interiorly of electromagnetic wave 
'énergy guides or cavity resonators to reduce the 
internodal spacings of the electromagnetic field 
variations. 
The constrictions may have a spatial Separa 

tion equal to the free space half wavelength at 
the operating frequency, or alternatively con 
tinuous loading may be employed by placing a 
plurality of constrictions along the length of 
the resonator per half-cycle variation in the 
standing wave pattern. 
An additional object of the present invention 

is to provide a device for the production of high 
energy electrically charged particles, wherein the 
requisite high-frequency excitation energy is 
impulsively supplied to the device. 
A still further object is to provide means With 

in a wave-energy guide for increasing the 
velocity of relatively slow-injected electrons so 
that they may then be acted upon by the electro 
magnetic field to provide a high-energy beam of 
electrons. 

still another object of the present invention 
is to provide an arrangement for producing 
high-energy electron beams as above, wherein 
means are provided for symmetrically coupling 
high-frequency electromagnetic energy from a 
source to the utilization device wherein coupling 

- is effected at the entrance terminal of the device. 
Yet another object of this invention is to pro 

vide a symmetrical coupling for high-energy 
electronbeam energizing apparatus of the above 
"described character wherein the coupling of ex 
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4 
citation energy is effected at the exit terminal 
of the device. 
A still further object of the present inven 

tion is to provide an arrangement for coupling 
high-frequency electromagnetic energy to a 
utilization device having means for distributively 
coupling the resonator-excitation energy to the 
resonator so that the coupling is accomplished 
substantially uniformly along the length of the 
cavity resonator. 
Another object of the invention is to provide 

a novel coupling arrangement for a utilization 
device employed for the production of a high 
energy electron beam which comprises a com 
bined symmetrical-distributive coupling arrange 
ment whereby undesired modes of Oscillation are 
Substantially eliminated. 
The invention also relates to the novel fea 

tures or principles of the instrumentalities de 
scribed herein, whether or not such are used for 
the stated objects, or in the stated fields or com 
binations. Other objects and advantages will become 
apparent from the specification taken in con 
nection with the accompanying drawings, where 
in the invention is embodied in concrete form. 
In the drawings, 
Fig. 1 is a diagrammatic representation of the 

electric field distribution within a metal cyl 
inder; - 

Fig. 2 is a longitudinal cross sectional view 
of one embodiment of the present invention 
together with a schematic showing of the ener 
gizing circuit associated therewith; 

Figs. 3a and 3b are explanatory graphs of 
voltages existing at various points of the circuit 
of Fig. 2. 

Fig. 4 is a Sirhilar view of another in Odifica 
tion of a portion of the interior construction 
of the resonator of Fig. 2; 

Fig. 5 is a longitudinal cross sectional view 
of a modified for in of the device shown in Eig. 
2 in which the excitation energy is coupled to 
the resonator at the entrance terminal thereof; 

Fig. 6 is a similar view showing the coupling 
of the excitation energy at the exit terrinal of 
the resonator; 

Fig. 7 is a longitudinal cross sectional view 
of a modified embodiment of the present inven 
tion in which the excitation energy is coupled 
to the resonator at a plirality of points uni 
formly distributed along the length of the 
resonator; 

Fig. 8 is a cross sectional view taken along 
the line 8-8 of Fig. 7; 

Fig. 9 is a modification of the arrangement 
shown in Fig. 7 and shown in longitudinal cross 
section; - 

- Fig. 10 is a cross sectional view taken along 
the line 8- of Fig. 9; and 

Fig. 11 shows another modified embodiment 
of the present invention wherein coupling of the 
excitation energy to the electron energizing ap 
paratus is effective in a combined symmetrico 
distributive arrangement. 

Similar characters of reference are used 
throughout the figules to indicate corresponding 
parts. - 

Referring now to Fig. 1 of the drawing, which 
is a diagrammatic representation of the instan 
taneous electromagnetic field distribution of a 
Wave propagated in a wave guide, the reference 
numeral 2 designates a hollow conducting cy 
lindrical tube through which electromagnetic 
Waves are regarded as being transmitted in a 
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mode of propagation commonly indicated as 
TMole. The distributions of the electric and 
magnetic fields are here shown as lines 22 (cor 
responding to the electric field distribution) and 
the circles 24 and dots 26 (corresponding to the 
magnetic field distribution, the circles 24 indi 
cating lines of magnetic force directed toward 
the reader and the dots 26 indicating lines of 
magnetic force directed away from the reader). 

It is apparent that this mode of propagation 
is ideal for accelerating electrons or other charged 
particles for, if a beam of such particles is pro 
jected axially along the tube 2 with a velocity 
such that the particles in the beam traverse a 
distance s between the transverse planes indi 
cated by the dashed lines p and q corresponding 
to regions of zero axial electric field, in a time 
equal to a half-cycle of the frequency of the 
energy, then clearly, the electrons, assuming 
that they are introduced into the guide in phase 
with the electrical field, will always experience 
a field favorable for abstraction of energy there 
from. 
When a wave guide, such as tube 2, is closed 

at both ends there results one form of a reSO 
nator. Energy which is propagated through 
such a resonator encounters, in the first instance, 
one of the conducting end walls interposed in 
its path, whereupon a reflected Wave is set up 
which travels in an opposite direction. As a 
result, the incident and reflected waves give rise 
to a standing wave pattern. In such case, al 
though the electric and magnetic field inten 
sities of the incident wave are in time and Space 
phase coincidence as are the electric and mag 
netic field intensities of the reflected Wave, the 
resultant electric and magnetic field intensities 
are in time and space quadrature. From this it 
is apparent that when electromagnetic energy 
is propagated in a wave guide terminated in its 
characteristic impedance, the maxima of the 
electric and magnetic field intensity variations 
occur at the same points, as is evidenced by the 
arrangement of the lines of force of Fig. 1. On 
the other hand, where the guide is operating 
as a resonator a 90° spatial separation of the 
respective maxima of electric and magnetic lines 
of force diagrammatically represents the field 
distribution. 
Now, it is also known that if the tube 2 be 

closed by a pair of conducting walls perpendicu 
larly disposed with respect to the axis of the tube 
2, one of the walls being placed at the plane p 
and the other at q, a high-Q cavity resonator is 
thereby formed having a resonant mode of os 
cillation known as the TMo, 1,1 mode. Conse 
quently, in considering the wave guide of Fig. 1 
modified by the proposed conducting Walls posi 
tioned at planes p and q, the location of the lines 
of force Will be altered in the manner described 
above. 

It is further known that a resonator may be 
constructed of such length that a plurality of 
half-cycle variations of field intensity may be 
present normal to the transverse field. In other 
words, in conventional symbolism the configura 
tion of the field may be defined as the TMO,1,n. 
mode, where in denotes the number of . Such 
half-wave patterns. As has been indicated in 
the prior art, this mode of operation is ideal 
for the accelerating or energizing of electrons. 
A simple numerical example illustrates the 

nature of the problems encountered and the 
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Suppose it is desired to obtain electrons having 

6 
energies of 109 electron-volts by means of a cy 
lindrical cavity resonator excited in the TMo, 10 
mode; operations in such a mode would neces 
sitate very high power of excitation. With Such 
magnitude of excitation energy field emission or 
so-called “low-temperature' emission assumes an 
important role in the Successful maintenance of 
the standing Wave pattern. Within the resonator. 
Electron emission that occurs mainly as a result 
of a strong external field effect on the Work 
function has been frequently described as “field 
emission.' As it is Well known, field emission 
imposes an upper limit on the Voltage gradient 
Which can be Supported in an evacuated cham 
ber before breakdown. This limit may conserva 
tively be placed at about 106 volts per centi 
meter. Thus, a resonator SO excited and ener 
gized for the production of 109 electron-volt par 
ticles would necessarily be about 103 centimeters 
or about 30 feet long. 

Theoretically, a cylindrical resonator excited 
in the TMo, 1,0 node may be expanded to Such a 
length. Since the resonant Wavelength is inde 
pendent of the length of the chamber. However, 
to be an efficient linear accelerator, it is neces 
Sary that the electrons traverse the length of the 
reSOnator in a period corresponding to that of 
a half-cycle of the excitation frequency, so that 
the electrons may have a maximum net energy 
gain. To accomplish this, the resonator would 
necessarily be operated at a wavelength approx 
imately equal to 60 feet, and in accordance with 
the Well-known relationship between the reso 
nani, Wavelength of Such a resonator and its 
diameter of COSS Section, the diameter of cross 
Section of Such a resonator would necessarily be 
about 46 feet. Obviously, the utilization of an 
evacuated cavity resonator of such proportions 
presents constructional and maintenance prob 
lems which raise serious doubts as to the prac 
ticability of the device. 
In accordance With the present invention it is 

proposed to operate a cylindrical resonator at a 
high-order mode designated as the TMo,1,n mode 
Where 12 is the number of half-cycle variations 
of the axial electric field. For the present purpose 
12 may be any integer greater than zero and pref 
erably is of the order of 100. Under Such cir 
Cunnstances, as pointed out more fully below, it 
is not necessary for the electrons to traverse the 
length of the resonator in a time interval cor 
responding to a half-cycle variation in the ex 
citation frequency. When excited in the Mo1. 
the Standing Wave configuration within the res 
Onator Comprises nodes in the longitudinal com. 
ponent of the electric field, successive ones of 
Which are Spaced a distance comparable to, al 
though. Somewhat greater than the free-space 
half-wavelength at the operating frequency. 

For modes of OScillation of order in which in 
is greater than Zero, it is known that the reso 
nant Wavelength is dependent on the length of 
the resonator as Well as on the diameter of cross 
Section thereof. It may be shown that for a 
mode characterized by 7-100, the required di 
ameter of cross Section for a resonator of length 
equal to 30 feet is only several inches provided 
the Wavelength is Suitably chosen. Or, assum 
ing that a resonator of a predetermined small 
diameter as compared with its length is selected 
for use in the accelerating or energizing appa 
ratus, it has been found that a mode of excita 
tion of Sufficiently high order may be found 
Which Satisfied the conditions for the mainte 

75 nance of the desired field. 
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The factithat the distance: between successive 
nodes in a resonator excited as: Specified herein 
above, is greater... than the freeSpacehalf-Wa-We 
length poses a further problem to the Solution of 
which the present invention is directed. AS 
pointed out: above, a successful linear accelerator 
or energizer should satisfy the condition that the 
distance traversed by the electrons in the tinae 
of half-cycle of the operating frequency should 
be equal to the distance;betweein. Successive nodes 
in the resonator so that the electrons may al 

: Ways engounter accelerating: electric forces. For 
energies of the order here contemplated the 
velocity of the electrcrisis; very nearly equal to. C 
the velocity of light. Thus, the necessary con 
dition to be satisfied may be restated in the foll 
GWing. Inanner: the distance: between Successive 
nodes should be equal to the free-space half 
3Wavelength at the operating frequency. 

Inasmuch as the internodal distance in the 
. Gavity resonator is somewhat greater than the 
free-space italf-Wavelength &nd, Since the elec 
tions cannot have velocities greater thanic, it is 
clear that, unless the intaringdal distance. Within 
the resonator be reduced to substantially the 2 
value of the free-space in alf-Wavelength, elec 
trons Will be subjected, at tires, to decelerating 
force fields, as well as a CCelerating-force fields, 
...thereby seriously reducing that efficiency. Of the 
apparatuS. 

Asia, solution of the fol's going problem, the 
present invention provides means Within -a, Cavity 
resonator for precisely fixing the interinodal 
spacing at a value substantially equal to the 
free-Space half-Wavelength thereby insuring that: 
the electrons, , traveling With a Velocity almost, 
equal to that of light, are Substantially always 

- in an accelerating-forcefield. 
More specifically, as will appear in the detailed 

... description hereibelow, a preferred for of this 
ifeature comprises a type of alteration of the elec 
trolagnetic field existing Within the cavity res 
Gnator which is accomplished Oy providing con 
Stirictions Within the Otherwise; SOot-Wallies 
Onator, the constrictions being. So-airanged as to 
reduce the dialetter of the reSOilator by a pre 
deterintined annont and through a predetermined 
length thereof. To produce the desired. Value of 
the internodal Spacing, the COinStrictions are dis 
posed in the median planes of the Ongitudinal 
electric field, in the region. Where the radia cora 
ponent of the electric field is a Kiaxinuin aid the 
axial component is: a minimuna. A convenient 
means for producing Such constrictions, has been 
found to be in the font of conductive rings 
mounted within the resonator and extendingpe 
ripherally therearound. 

It will be understood that it is Within the con 
templation of the present invention that the 
energy absorbed by the electrons is mainly mani 
fest by increased inna SS. Of the electrons. The 
change in the Velocity, at Such high Velocities is 
practically negligible. The overall result mainly 
resides in the increased energy of the particles. 
However, the apparatus of the present invention 
Will SOInetimes be called an electron accelerator, 
even. When the acceleration is negligible, in ac 

- cordance With conventional usage of the Word. 
To determine the magnitucie of the radio fre 

quency power required to obtain electrons having 
energies of 109 electron. Volts, let us...consider...a 
simple. numerical example. We have previously 
found that a cylindrical cavity resonator excited 
in the TMo, 1,0 mode. Would have.an approximate 
length of 10 centimeters to provide electrons 
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8 
having the above-specified energy. This results 
from the conservative estimate of the poSSible 
Voltage gradient (106 volts per centiineter), 
Which can be successfully maintained in Silch a 
gresonator. Where the excitations employed. is in 
the TMO,1,n inode it is apparent that a. Similar 
Overal ength of resonator Would be requited for 
sthe production of electrons having a billion elec 
tron volts of energy. If the excitation genergy 
Supplied: to tube 2 has a WaVelength;equal to 
20 cm., a cavity, rescinator: Section formed by COn 
-ducting Walls: positioned at the points p and g Will 
have a shunt in pedance of approximately 10 
sons and Will be a half-Wavelength, or i0, Cin. 
long. . Accordingly, each. Of these, 10. CIn...Sections 
provides 10 volts and the peak power persection 
is given.by 

E-(10) in - O - 07 Watts 

With the previously determined tube length...there 
Will be 1000 cin. Sections, from which it appears 
that the total peak power required is 109 watts. 
AS. pointed cut beiOW, the use of 'peak' power 
involves certain approxiinations. If the eXcita 
tion power Supplied is pulsed. With a space-to 
pulse ratio of 1000 to 1, the average power will 
be approximately 1000 kW. While this repre 
Sents a Sui)Stantial arount of power, it is, how 
ever, well within obtainable limits. For instance, 
Several laboratories now have installations ca 
pable of delivering power in excess of this quan 
tity. 
To obtain electrons having the same energy, 

it,is poSSile to reduce the requisite amount of ex 
Citation energy by the simple expedient of en 
ploying alonger tube 2:... Within limits, the re 

...quired power and tuige length are inversely pro 
portional. At the same operating frequency elec 
trons having the specified energy are obtainable 
With a tube...length of iC. ca. or approximately 
.300 ft. With an input power of 100 kW. With a 
... constant tube. length, the power required varies 
Substantially as the square of the electron energy. 
Electrons having an energy of approximately 138 
electron, VoltS. aire cotainable with a 30 ft. tube 
With an average.power of 10 kW. or a peak power 
Of 10 negaWatts. 
The abOWe calculations include certain approx 

inationS. in arriving at the shunt inpedance, 
, copper losses...in the aSSurned end walls of eacia 
... 10. Cn.-Section were included, whereas these 
loSSes. Would not occur with the conterplated 
cavity. resonator Such as tube 2 having a length 
equal to numerous half-cycle variations at the 
Operating frequency, as discussed above. Fur 
thermore, no account was taken of the fact that 
the electrons are not exposed to the peak value of 
the electric field all of the time in their passage 

OWeWer, these two errors 
tead to cancel each other. 
The following additional illustrations provide 

an indication, as to the approximate interrela 
tionship of the various design factors. It is as 

:65 Suined that the excitation energy has a wave 
length of 20 Crn. and the average power, based 
On a pulsing time ratio of 1000 to 1, will be dis 
CuSSed. Electrons of 30 m. e. v. are obtainable 

. With a 30 ft. resonator operating with a voltage 
70 gradient of 10 volts per cm. and requiring 10 kW. 

It Will be noted that this arrangement produces 
an energy equal to that of the largest existing 
betatron' and could be constructed at a frac 

tion of the cost of the latter. To procure an 
75 energy of 109 electron. Volts.a. tube length of 300 
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ift. maintaining a voltage gradient of 10 volts 
per cm. With a required power of 100 kW. repre 
*sents at the present state of the art the best 
compromise between tube length and input power. 
For a relatively small installation a tube length 
of 3 ft. having a gradient of 10 volts per cm. 
with a 1 kW. power input provides an energy of 
10 m. e. v. Such an arrangement has numerous 
commercial possibilities, such as an industrial 
X-ray equipment for photographing holes in cast 
ings and the like. Moreover, inasmuch as Such 
a resonator is only three feet long it can readily 
be sealed off and the combined equipment Will 
Weigh but a few hundred pounds. 

In Fig. 2 there is illustrated one embodiment of 
the invention together with a schematic showing 
of the energizing circuit associated therewith. A 
Wave guide 2 partially enclosed at both ends 
With apertured discs 28, 28 and made preferably 
of copper, copper-plated steel or brass provides a 
Suitable cavity resonator. The internal Surfaces 
Of the resonator thus formed are made highly 
Conducting to minimize power losses in the de 
vice. Throughout the length of the guide con 
strictions may be arranged in the form of annu 
lar rings 29 located normally with respect to the 
longitudinal axis of the guide 27. To avoid Spu 
rious field emissions, the inner edges 3 of the 
ringS 29 are preferably rounded. The center-to 
center spacing of successive rings 29 is made 
equal to a half-cycle of the free-space. Wave 
length at the operating frequency so that numer 
Ous half-Wave Sections 32 are formed for the 
purpose discussed above. At each end of the 
guide 27 an end Section 33 is formed. On One side 
by a ring 29 and on the other by an apertured disc 
28. A source of electrons 34, providing a beam 
which is concentric with the guide 27, is sup 
ported within a glass bell or press 36 by a lead-in 
strut 3. The glass bell 36 is, in turn, connected 
by a metal-to-glass seal 38 to the end of guide 2. 
Similarly, at the other end of the guide 2 anoth 
er glass bell or press 36' is connected With a Suit 
able seal 38 to facilitate the maintenance of the 
internal vacuum of the assembly. 
The electron gun 34 may include the following 

elements (not shown) : a cathode with an elec 
tron-emitting surface, an indirect heater and a 
focusing or current control electrode. 

For the control and supply of energy to the 
equipment, a generator may be employed having 
the desired output frequency and power intensity, 
Such as a magnetron oscillator 42, pulsed by a 
pulse generator 43, which is also connected to a 
delay line 44. The delay line 44 has two leads 46, 
47, connected to the cathode lead-in strut 3i and 
the outer Wall of the guide 27, respectively. A 
'coupling device Such as an input Wave guide 48 
having a vacuum-tight seal 49 is employed to 
transmit energy from the oscillator 42 to the 
guide 2. In place of the input wave guide 48, a 
sconcentric line may be used, in which case it 
(should be properly formed at the point of con 
nection to the guide 27, in a coupling loop, probe 
Or antenna, means to effect a transfer of energy 
to the guide 27. 

It is, of course, understood that several oscil 
lators, depending on the desired power input to 
the guide 2, nay be arranged in parallel to aug 
ment the energy supply to the input wave guide 
48 or other coupling device. Moreover, a plural 
ity of coupling devices making connection with 
the guide 27 along its length may be fed by one 
or more oscillators. Where a plurality of cou 
pling devices are used, care should be taken to 
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10 
insure that the proper phase relationship among 
the energy introduced into the guide 2 is main 
tained. To achieve correct balance in this re 
Spect, suitable phase shifting apparatus may be 
employed in conjunction. With the various cou 
pling devices. 
Where the production of X-rays is desired, a 

Suitable target positioned in the path of the high 
energy beam of electrons may be employed. For 
convenience, an X-ray producing medium, such 
as target 39 may be mounted within press 36' by 
means of a Supporting member 4. The physical 
orientation of the target 39 may be selected to 
provide the most effective utilization. If desired, 
a positioning mechanism (not shown) may be 
used in conjunction with the target 39 and asso 
ciated parts to permit the altering of the posi 
tion of the target 39 during or preparatory to 
the operation of the apparatus. 

It is, of course, understood that, in the event 
it is desired to employ directly the high-energy 
beam of electrons for medical therapy, or other 
purposes, not Only the target 39 but the bell 36 
may be dispensed with. In such case, to main 
tain the internal vacuun, the aperture in end 
Wall 28 may be covered by an electron-permeable 
Substance Or the entire end Wall may be made of 
Such substance. A light metal, such as magne 
sium, aluminum or beryllium constitutes such 
electron-permeable substance. In this connec 
tion it should be noted that the electron beam 
When passing through the exit end of the guide 
2 is possessed of an accumulation of considera 
ble energy. 
However, where it is desired to obtain a fine 

control of the energy of the exit beam, both the 
type and thickness of material may be selected to 
alter the magnitude of the energy of the exit 
bean. Indeed, such a substance interposed in 
the path of the exit beam may be employed inde 
pendently of any sealing off of the end of guide 
and solely for energy control purposes. In ad 

dition, the entrance end of the guide 27 may be 
modified by eliminating the glass bell 36. In its 
place an electron-permeable substance may be 
used to cover the aperture of end wall 28. With 
a source of electrons positioned adjacent the in 
pute end of the guide 27. 
In Operation, a beam of electrons emanating 

from the electron source 34 is periodically pro 
jected through the apertured disc 28 and made 
to traverse the longitudinal axis of the guide 27. 
Upon entering the guide 21, the electron beam is 
Subjected to the accelerating electromagnetic 
field maintained therein. With the internodal 
Spacings of the field pattern being maintained 
Substantially equal to the free-Space half-wave 
length at the operating frequency, electrons en 
tering the guide With a velocity approaching that 
of light will traverse each half-wavelength sec 
tion 32 in a time interval equal to the half-cycle 
Variation in the electromagnetic field. As a re 
Sult, the electrons will always be present in a force 
field favorable for their increased energy, as pre 
Viously described in connection. With the intro 
ductory remarks and Fig. 1. 

In order to reduce the power required for the 
Operation of the device, a pulse generator 43 is 
employed to control or activate the supply of 
electromagnetic energy from Oscillator 42 to the 
guide. 27. At the same time, the pulse generator 
is employed for activation or energizing the 
cathode circuit through a delay line 44. Thus, 
electrons emanating from the electron Source 34 
are injected into the guide 27 periodically and at 
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Such times, when the voltage of the electromage 
netic field contained thereins has attaineda, Sufi. 
ficient magnitude. The attaining. of sufficient 
electromagnetic voltage within the guide: 2 prior: 
to the injection of the elections is achieved by: 
reason of the delay line 44 interposed between the: 
electron source 34 and the pulse: generator; 43: 
While in preceding paragraphs it has been in 

dicated that a, right circular cylindrical Wave 
guide is effective for propagating an electric node, 
of the type TMolin, which type of node: is par 
ticularly suitable for the acceleration of: elec 
trons, it is of course: , understood that the... wave: 
energy guide 2: may assume other shapes with 
out departing from the spirit of the invention. 
Furthermore, apart from the conductive annular 
rings 29, the Wave energy guide 27, 96 (the latter 
in connection with Fig. 11) has been described as 
being hollow, however, dielectric material may 
be used in part to obtain desired electrical Char 
acteristics. Thus, such a dielectric material may 
be used to fill merely: apart of the guide or the 
Whole thereof. 
In the introductory remarks it '..has been in 

dicated that the electrons may be.:energized by 
passage through a resonator. It is, of course, 
understood that the acceleration of the electrons, 
may be achieved by projecting them through a 
traveling Wave electromagnetic field. In Such a 
case, electrons should be made: to ride: the wave. 
crest or, stated somewhat differently, have a 
phase relative to the phase of the electromagnetic 
field Such that they are continually: positioned. 
for the absorption of energy from the field. 

It Will be noted that there is a Section 33 having 
a length. Substantially equal to . , the free-Space 
quarter-Wavelength at the operating frequency 
located at the input end of the guide 27. In the 

0. 

30 

35, 

event that the electrons emanating from the elec 
tron source. 34 are injected. With Some velocity 
relatively low. With respect to that of light, and 
which is properly related to the level of the radio 
frequency excitation power, the average. velocity 
of the electrons during the first quarter-Wave 
length may be approximately, one-half the ves. 
locity of light. As a consequence, the electrons 
will arrive at the first node at a time when the 
cyclically-varying electromagnetic field reverses. 
Moreover, where the magnitude of the radio fre 
quency energy employed is substantially high, the 
electrons Will arrive at the first node. With a Ve 
locity very nearly approaching that of light. 
Once such a velocity is attained by the electrons, 
there will occur. relatively small velocity changes; 
So that uniform loading, provided by. Suitably 
positioned constrictions may be used throughout, 
the remainder of the length of the guide: 27. 
These considerations are equally applicable to. 
any of the other modifications of the present.in 
Wention described herein. 

In FigS. 30 and 3b. graphs. Of the Voltages ex 
isting at various points in the circuit of Fig. 2 
are illustrated. In Fig. 3d there is plotted a Wave. 
form of the voltage appearing at the output tel 
minals of the pulse. generator 43. As a result of 
the connection of the pulse generator A3 to the 
magnetron oscillator. 42, the output Wave-form of 
the osciliatoi has the form illustrated by Fig.:3b. 
As previously. described, owing to the delay line 
which is interposed oetween the pulse generator 
3 and the electron source 34, electrons are not 

projected through the wave guide 27 until the 
excitation voltage therein -has assumed a Sufi 
cient amplitude. In this connection an explana 
tory numerical example may prove useful, AS 
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12 
previously discussed, with a time ratio of 1000 to 
1, it is possible to obtain electrons having the de 
sired energy without employing an excessive 
high spower: excitation... energy source. In the 
event: that the time: duration of each pulse is 
maide-equalito One microSecond, with an excita 
tion Wave having a 'frequency of 15X108 cycles 
per second there will occur approximately 1500 
cyclical variations of the electromagnetic field 
for. each pulse... No, attempt has been made to 
Show the building up of the voltage of oscillator 
42 to its normal operating output: voltage, nor 
excitation: voltage withing the guide 27. With a 
.05 microsecond delay introduced by delay line 
44, 5 cyclical variations will occur. (based on the 
above-mentioned Operating.frequency and pulse 
durations) prior to the injection of electrons into 
the guide 27. This delay will compensate for both 
the: Voltage of the oscillator. 42 as Well as the 
radio frequency excitation voltage Within the 
guide 2 aSSunning their: normal magnitudes. 
Owing to the fact that electrons will not be in 
troduced into the guide 2 until the voltage has 
assumed...the desired proportions, a part of the 
excitation...energy. Supplied to the guide 27 during 
each pulse: Will necessarily be lost as far as 
charged particle energization is concerned. How 
ever, this is a negligible quantity of power which 
does not impair the functioning of the device. 
While, the above numerical example was based 

on a timeratio of 1000 to 1 for convenient rep 
resentation, a:ratio of 25 to 1 has been employed 
jin. FigS. 3d and 3b. 
Where it is desired to employ a Shaller mag 

nitude of radio frequency power and a Source 
of relatively slow moving: electrons, i. e., elec 
tions which have a Velocity Substantially lower 
than that of light prior to being introduced in 
to the energizing portion of the apparatus, a 
wave guide. 27 may be formed With tapered coin 
strictions as shown in Fig. 4. To permit the in 
jected electrons Which are relatively slow mov 
ing to attain. Substantially the Velocity of light, 
several sections. 54,56, 57,5859 of unequal length 
are provided adjacent the entrance end of the 
guide 27, as indicated by the arrow 64. Similarly, 
Where: the input radio frequency power to the 
guide: 2:is relatively. Small in magnitude, the 
tapering of the Successive lengths of the Several 
sections 54, 56, 57, 53, 53 may be advantageously 
employed. The sections 54, 56, 57, 58, 59 are 
formed with tapered annular ringS 6, 6 'having 
increasing: center-to-center, Spacings along the 
length of the guide 27 until the axial extent of 

, the last section 62 is. Substantially equal to the 
free space: half-wavelength at the operating fre 
quency whereupon the constrictions are arranged 
as described in connection. With the major por 
tions of the guide 27 of Fig. 2 or Fig. 3. The 
initial Section 54 formed at the entrance end of 
the sleeve. 27" by end. Wall 28 and ring 6 has a 
length somewhat less than Cne-half the center 
to-center distance between rings: 8 , S. 

Preferably, the inner diameter, of the tapered 
rings. 6, 6' is selected to be progressively larger 
in the direction of the electron flow. In addi 
tion, the width of the tapered rings, 6, 6' may 
be made progressively larger along the length of 
the guide. 27. As discussed previously in coin 
nection with the tapered rings 6,6A', the inner 
edges. 63 may be rounded to... discourage field 
emission. 

In operation, a beam of electrons is made to 
traverse the longitudinal axis of the guide 2: in 
the direction indicated by the arrow G4. Where 
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relatively slowly injected electrons and where 
relatively low radio frequency excitation power 
are employed, the progressively larger longitu 
dinal dimensions of the sections 54, 56, 57, 58, 
59 permit the electrons to increase in velocity. 
To this end, the respective lengths of the sections 
54, 56, 57, 53, 59 are selected so that electrons 
paSS through an individual Section in a time dur 
ing which the field is favorable for providing ac 
Celeration or gain of energy of the electrons. A 
transit of one of the sections 54, 56, 57, 58, 59, 
S2 having been completed, the electrons move into 
the adjoining section. 54, 56, 5, 58, 59, 62, the 
electromagnetic field of which is Suitable for in 
parting additional acceleration. In this manner 
an electron is carried along from One Section to 
the next until it has attained a velocity ap 
proaching that of light. 
Care must be taken to achieve the correct 

spacing of the successive sections 54, 56, 51, 58, 
59, 62 as a function of the initial electron. 
velocity and the imparted acceleration due to 
the excitation radio frequency fields. Otherwise, 
an electron may not enter a section 54, 56, 57, 
57, 59, 62 at a time favorable for extracting en 
ergy from the field and, in fact, may do work on 
the field, i. e., deliver some of its energy to the 
electromagnetic field with a resulting loss of en 
ergy of the electron. In the ideal case, the elec 
trons will substantially traverse each section in 
a time corresponding to the half period of the 
excitation energy. 
A symmetrical coupling arrangement for in 

troducing radio frequency excitation power into 
the apparatus is shown in Fig. 5, which is a 
modified form of the device of Fig. 2. The ex 
citation energy is coupled to the device at the 
entrance terminal thereof, providing for the 
Symmetrical coupling of radio frequency power 
into the apparatus at the end adjacent the elec 
tron Source. 
As described in connection with Fig. 2, a wave 

guide 2 having highly conductive internal Sur 
faces is divided into Sections by means of con 
strictions which are formed by conductive an 
nular rings 29. With the exception of the end 
sections 33, the spacing between successive sec 
tions is substantially equal to the free-space 
half-wavelength of the excitation frequency. At 
the left end of the guide 27 an apertured disc 23 
having an internal Surface of highly conductive 
material is provided, thereby forming a free 
space one-quarter Wavelength section 33 inter 
mediate the inner surface of the disc 28 and the 
adjacent annular ring 29. 
A hollow cylindrical housing 86 coaxial with 

the guide 27 is connected in an air-tight manner 
to the disc 28 and forms an enclosure for the 
symmetrical radio frequency coupling device. 
For coupling energy to the guide 27, cylindrical 
coupling sleeves or antenna, 6 located coaxially 
with respect to the guide 2 is arranged prefer 
ably extending partially into the adjacently 
located quarter-wavelength section 33. To en 
ergize the antenna, 6, a coaxial transmission 
line having an inner conductor 68 and outer 
conductor 69, the inner conductor being Sup 
ported by a one-quarter wavelength shorted stub 
7 f, is arranged extending radially to the guide 2 
and the coupling sleeve 6. One end of the outer 
conductor 69 is connected to the edges of a Suit 
ably formed aperture 72 in the housing 66, with 
the inner conductor 68 connected to and Sup 
porting the antenna, 67. The other end of the 
concentric line 10 is connected to a Suitable 
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Source of radio frequency energy as shown and 
described in connection with Fig. 2. 
While only one coaxial line 70 coupling device 

is shown, it is, of course, understood that Several 
Such lines might be employed. In such case, 
it is preferable to maintain a symmetrical dis 
position of the lines feeding the antenna, 67, in 
Order to preserve the appropriate phase rela 
tionships. However, if unbalance occurs in this 
respect, adjustable phase shifting devices (not 
shown) may be included in the coaxial lines. 
An electron gun 34, similar to that previously 

discussed in connection with Fig. 2 is Supported 
from a glass bell or press 73 by a lead-in strut 3. 
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To provide for the maintenance of an internal 
vacuum, the glass bell 73 is connected by means 
of an air-tight seal 74 to the end of the housing 
66 and forms With a portion of the latter an en 
closure for the electron gun. 34. Intermediate 
the antenna, 67 and the electron gun 34 an elec 
tromagnetic field terminating diaphragm 7 is 
located normally of the tube 66. 
For certain applications, it is important to 

operate the apparatus without the excitation of 
certain modes or types of electromagnetic field 
patterns in the guide 27. A particular advantage 
of the Symmetrical coupling arrangement de 
Scribed above is that certain undesired modes are 
not excited, that is, those modes which do not 
have axial symmetry of the electric field. 
In operation, a beam of electrons emanating 

from the electron source 34 is periodically pro 
jected through the aperture of field terminat 
ing diaphragm 16 and through the coupling 
sleeve 67. Upon entering the guide 27 the beam 
of electrons is subjected to the radio frequency 
fields and is accelerated or energized in its tran 
sit therethrough in the manner previously de 
Scribed in Connection. With Fig. 2. The dia 
phragm, while permitting the passage of elec 
trons from the electron gun 34 to the resonatoi' 
27, minimizes the loss of the excitation energy 
end Wise of the guide 27 in the direction of the 
preSS 3. 
A further modification of the device of Fig. 2 

in which the excitation energy is introduced at 
the terminal end of the Wave guide 2 is ShoWill 
in Fig. 6. This arrangement has the advantage 
of the Symmetrical coupling of radio frequency 
energy into the guide 27 described in connec 
tion with Fig. 5 and at the same time provides 
a Somewhat Simpler and more econonical con 
Struction. As before, the internodal Spacings of 
the field in the guide 2 are made Substantially 
equal to free-Space half-wavelength at the op 
erating frequency. An apertured disc 28' to 
gether with an adjacent annular ring 29 forms 
a One-quarter wavelength. Section 33 at the exit 
end of the guide 2. For introducing the excita 
tion energy a coaxial transmission line 7 hav 
ing an inner conductor 8 and an outer conduc 
tor 79 is provided, with collar 83, which is rigidly 
attached to disc. 28', Supporting line . It is 
understood that a suitable seal will be employed 
between the collar 83 and outer conductor 3 of 
the coaxial line 7, and between inner conductor 
8 and outer conductor i9, in order to preserve 

the internal vacuum of the apparatus. A probe 
antenna, 8 which is an extension of the inner 
conductor 8 projects into the quarter wave 
length section 33 at the exit end of the guide 2 
and is concentric thereWith. To Support the in 
ner conductor 78 a dielectric ring 82, having suit 
able dimensions to prevent Spurious reflections of 
energy, may be provided. Moreover, as an al 
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ternative to the dielectric ring. 82 or to provide 
additional support. for the inner conductor 8 a. 
one-quarter wave short-circuited Stub (not 
shown) may be employed. 
To offer a negligible obstruction to the high 

energy electrons the antenna, 8; and concentric 
line i. perferably may be made of SOrne light 
metal, such as magnesium, aluminum, beryllium, 
etc. Similarly, if desired, for reasons of manu 
facturing simplicity or otherwise, the disc 23 
may be made of these materials. 

If the electrons emanating from the terminal 
end of the resonator 2 are to be exaployed for 
the production of X-rays, a target of Suitable 
material may be positioned along the longitu 
dinal axis of the guide 2 beyond the disc 28. 
The above described symmetrical coupling may 

be employed in conjunction with the couping 
arrangement, shown in Fig. 5, where an addi 
tional annount of excitation energy is required. 
In such a case precautionary neaSures must be 
taken to obtain the proper phase relationshig 
between the energy supplied both at the input 
and output end of the guide 2. This proposed 
arrangement has all the advantages of the Syn 
metrical coupling and at the same time provides 
for introduction into the apparatus of an in 
creased amount of excitation energy. 
The operation of the apparatus shown in Fig. 

6 is substantially similar to that previously de 
scribed in connection with Fig. 2. 

In Fig. 7 there is shown a further modification. 
of the present invention in which the excitation 
energy is coupled to the apparatus at a plurality 
of points. As previously discussed, the inter 
nodal spacing of the electromagnetic energy Con 
tained within the wave guide 2 is reduced by 
the use of suitably disposed rings 29 which pref 
erably have their inner edges 35 rounded. For 
uniformly distributed excitation, a coaxial trans 
mission line 8 having an inner conductor 8 and 
an outer conductor 87 is arranged adjacent to 
the guide 27' along its length. In order to Sup 
port the inner conductor 86 of the coaxial line 
84, quarter wavelength shorted stubs (not 
shown) or other similar means may be employed. 
To introduce radio frequency power from the 

coaxial line to the resonator, coupling loops 88, 
89, 98, 9 are provided which extend through 
apertures common to Walls of the Outer Conduct 
tor. 87 and the guide 2'. The ends of each cou 
pling loop are connected to the inner Surface of 
the Wall of the outer conductor 8 and the inner 
surface of the wall of the guide'27', respectively. 
The sizes of the coupling loops 88-9 are pref 
erably increased along the length of the guide 27 
from its entrance terrainal to its exit terminal, to 
In inimize the reflection of energy in coaxial line 
38, as discussed more fully below. Similarly, the 
apertures associated with the coupling loops 88 
3 may be progressively enlarged to accorn 
incidate their respective loopS. 

it, Will be noted, as shown more clearly in Fig. 
8, that a portion of the walls of the outer conduc 
tor 8 and the guide 27 overlap along their 
lengths in the vicinity of the coupling loops 
88-9. 
In operation, coaxial line 84 is connected at One 

end to a source of radio frequency energy, Silch 
as the magnetron oscillator 62 shown in Fig. 2. 
With impedance natching existing between the 
osciliator 42 and the coaxial line 84 power loSS&S 
in the line 84 are negligible and an extremely 
low standing wave ratio is present therein. The 
coupling loops 88-91 are made progressively 
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larger throughout the axial extent of the trans 
mission line: 84, the size of each loop being. Se 
lected so that it extracts a predetermined aimount 
of power from the line 86. More specifically, the 
the dimensions of the individual loops are chosen 
So that a constantly increasing percentage of the 
pGWe remaining in the tranSilission line S is 
introduced into the guide 27 by each successive 
loop. 88-9. In this manner, a Substantially 
{equal amount of power is introduced into the 
guide 2' by each of the loops 88 through and, 
moreover, all of the radio frequency energy is 
extracted from the line 84 prior to its terminal 
end. As a result, there is Substantially no energy 
which may be reflected back, through the trans 
mission line. 84 in the direction of the electro 
Inagnetic energy Source and, hence, standing 
Waves are Substantially avoided in the line 8.3, 
Apart from the specific arrangement for intro 

ducing the radio frequency excitation energy into 
the guide: 2", the operation of the device is sin 
ilar to that described in connection with Fig. 2. 
Of course, it is understood that, the coaxial line 

84 does not necesarily have to extend for the full 
length of the guide 27, but may at any conven 
ient point be made to extend directly to the 
electromagnetic source. Such proposed lines 
may merely be effective for energizing a single or 
but a few coupling loops, such as the loops 88, 39, 
9. Other... transmission lines arranged in the 
manner of line - 84. may be employed to excite 
distinct groups of coupling loops. As a result, 
a plurality of coaxial-line feeding sections such 
as that shown in Fig. 7 may be employed with a 
single or a plurality of high frequency generators. 
In all of the foregoing. versions suitable phase 
shifting apparatus may be advantageously en 
ployed in the respectively feeding lines to obtain 
the proper phase relationship among the input 
energy. 
The distributed input coupling arrangement 

of Fig. 7 may also be modified by employing a 
plurality of coaxial lines arranged longitudinal 
ly with respect to the guide 27' as shown in 
Fig. 7 and spaced uniformly, around the periph 
ery of the guide 2. This arrangement provides 
not only for the uniformly distributed introduc 
tion of excitation power into the guide. 2, but, 
in addition achieves a Symmetrical excitation as 
Well. 

In Fig. 9- there is shown a modification of the 
arrangement of Fig. 7 which also achieves a dis 
tributed coupling of the excitation energy to the 
guide 2'. This embodiment differs from the 
showing of Fig. 7 essentially, in the omission of 
the coupling loops and the utilization of coupling 
slots 92, 93, 94 having progressively larger di 
mensions in the direction of energy propaga 
tion along line 84 for effecting a transfer of ex 
citation energy to the guide 2'. The Walls of 
the guide 27' and the outer conductor 8 of the 
Coaxial line 84 are made to overlap in the vicinity 
of the slots: 92, 93, 94 as shown more clearly in 
Fig. 10. 
The Operation of this device, as well as possible 

modifications of the structure, is similar to those 
described in connection with Figs. 7 and 8. 
The distributed coupling disclosed in connec 

tion with Figs. 7 through 10 has at least three 
important advantages: (1), i.he starting transient 
at the beginning of each pulse does not have a 
long duration compared with that of the single 
coupling arrangements. (2). Undesired Inodes of 
the electromagnetic field are suppressed to an 
even greater extent than with the coupling 
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-nethods shown in Figs...5 and 6. (3) The mag 
nitude of the power introduced into guide 27' 
by: each coupling loop. 88 through 91 or each Slot 
92 through .94 is substantially less than with 
fewer coupling units, which is an important fac 
'torathigh power levels. 

The preferred embodiment of the present in 
vention, which attains maximum electron ren 
ergy with great power economy through the use 
Of a symmetrical-distribution coupling of the 'al 

- idio frequency into the waveguide, tapered load 
ing and synchronous pulsing of the excitation 
energy and the electron source, is illustrated in 

...Fig. 11. In this arrangement the advantages. Of 

10 trolled by a pulse 'generator 43. 

8 
iSurrounds the inner conductor conical portion 29 
of the end sleeve 26, the conical portion 32 being 
connected to an intermediate router conductor 
gorition 352which is coaxial with the hiollow inner 

is conductorsportion i?25. 
5.In order to Supply fexcitation energy to the 

device, the coaxial Supply line 38 is connected 
to an excitation eaergySource, such as:a magne 

*stron 'Oscillator 42, the output of Wiich is con 
fo provide a 

-Sötlice of electrons, which are to be accelerated, 
an election Solice 3A is arranged exterior to both 

: the enlarged coaxial supply line 9, which 
houses the waveguide 95, and the reduced diam 

: both the symmetrical and distributive apparatus is eter supply line 28. The electron source, which 
..for introducing the excitation power into the res 
onator are achieved. Moreover, the -tapered 
loading feature previously described in connec 

ition with Fig. 4 is advantageously utilized so that 
electrons having initial velocities. Substantially 
less than the velocity of light may be employed 

; :as Well asiower excitation energy. Furthermore, 
: provision is made for pulsing both the input en 
ergy to the resonator and the electron Sotil'ce, 

... taining a high-energy charged particle beam. 
A wave guide 96 is provided with constric 

tions which reduce the internodal spacing of 
; the electromagnetic field, as previously discussed. 
However, the guide 9S is constituted of a plu 
rality of energy-directing sleeves 97,38, -99, f-0, 
I-92 which divide the guide into a plurality of 
compartments iO3, ..f4, C?. Each compart 
ment 33, 4, 2-6 is constituted of an energy 

: directing sleeve 9,98, 99, iO, 82 with an en 
larged diameter portion 7, 198, -09, ill, 1-12, 
respectively, which extends over the sleeve of 
the adjacent-compartment without making phys 
ical contact therewith, to provide radially and 
axially exteading annular slots 3, 4, -6, , , 

- 18. Chese slots if3, 4, 16, 7, 18 are pre? 
erably made to have progressively lower capaci 
tances in the direction of electromagnetic en 
ergy propagation so that progressively larger per 
centages of the power remaining in the enlarged 
coaxial supply line. 19 may be coupled to the 
wave guide 96. These annular capacitances may 
be made progressively smaller by progressively 
increasing the spacing or progressively decreas 
ing the effective areas in the annular capacitance 
regions, or both. --L L L - 
To support each compartment 63, e4, d66, a 

plurality of radially extending rods 2 made of 
an appropriate material, such as of dielectric 
composition are arranged intermediate the outer 
wall of the sleeves 97,98, 99, Oi, 102, and the 
inner wall of the enlarged outer conductor. 22. 
Suitably located apertures ? 23 are provided in . 
the wall of the outer conductor 22 to accommo 
date screws 24 for securing one end of the rods 
123 thereto. The other end of the rods. F23 are 
flared with their end surfaces suitably...faced for 
cooperating with the outer wall of the sleeves 91, 
98, 99, 9}, {32. A wave-directing end sleeve 26 
is connected with the inner conductor (27 of the 
constricted diameter coaxial supply line 128 by 
means of an inner conductor conical portion 29 
and a hollow inner conductor portion: 125. Thus, 
it will be.noted that the enlarged coaxial supply 
line 9 has...an inner-conductor, which is formed 

enlarged outer conductor 22 of the enlarged 
coaxial Supply line 49 with the constricted outer 
Conductor 3: of the constricted coaxial supply 
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icontains lia, suitabile electron-emitting surface 
...With appropriate, potential-fixing elements (not 
shown), is aligned to insure that the electrons 
are: projected Successively through an aperture 

20 i 30 in the constricted outer conductor f3, the 
hollow inner conductor portion 23 and thence 
talong the axis of the wave guide 96. In addition 
to controlling the output of the magnetron oscil 
.iator 2, the pulse generator A3 regulates the in 

...such pulsing being particularly effective for ob- 25 trodection of electrons into the wave guide 96. It 
is, of course, understood that 'electrons may be 
introduced into the apparatus from the opposite 
teild. Fiowever, with this arrangement the form 
of the constrictions will be somewhat different, 

30 as 'eliscussed below. 
In order to reduce the internodal spacing of 

the electro-magnetic wave contained within Wave 
"energy guide 96, constrictions in the form of 
- a finular fings are arranged throughout the 

35 length of guide 96. The compartment formed of 
the end sleeve 26 and compartments 3 and 

- 84, are provided with annular rings 6f 6f, 33 
in a manner Similar to that previously described 
in connection with Fig. 4. Thus, the rings. 6, 

40 6t', f33 have increased center-to-centerspacings, 
-&perture diameters and widths in the direction 
'of electromagnetic energy propagation. To ac 
Commodate the variation in dimensions of the 
rings -6, 6-l', 33, the associated sleeves i 26, 9, -98, respectively, have appropriate longitudinal 
"dimensions. Thus, in the device of Fig. 11, there 
has been shown a plurality of compartments 
f03, -94, Suitable for obtaining the tapered load 
ing feature which was described more fully in con 
hection with Fig.'4. It will be, of course, under 
-stood that where desired, a greater number of 
Such compartments fro3, fo4 may be utilized. 
Where it is desired to inject electrons from the 
opposite end of the guide 96, the tapered loading 
rings 6, 6-, 33 will be arranged in the opposite 
order:S0 that the increased center-to-center spac 
ing-of the rings 61, 6-4, 33 will occur in the 
-direction of the path of the electron beam. With 
Such an arrangement, the electron source 34 will 
be positioned at the opposite end of the guide 96. 
Compartments 86 are formed with annular 

rings-29, which similarly reduce the internodal 
-Spacing of-the-electromagnetic energy contained 
Within the guide -96. Assuming that the electrons 

es travelling longitudinally through the guide 9s 
have obtained a velocity substantially equal to 
the velocity of light, the annular rings 29 are 
arranged in Such a manner as to provide inter 
2aodal spacing substantially equal to the free 

so Space half-wavelength at the operating fre 
by the Wave guide.96. For interconnecting the quency. In this manner, the desired highly ener 

*gized beam of charged particles is obtained. 
To insure that the internal vacuum of the 

'apparattis is maintained, a glass bell 4 stir. 
line 428, an outer conductor conical portion f32 75 rounds the enlarged outer conductor f22, a por 
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tion of the reduced diameter outer conductor 
3 and the electron source 34. A vacuum-tight 

seal 42 is arranged within the constricted Supply 
line 28 and another vacuum-tight seal 63 con 
nects the outer conductor 3 and the glass bell, 
41. Additional seals (not shown) may be used 

to provide a vacuum-tight connection between 
the wires 44 and the glass bell 4. 
Conventional devices, such as short circuited 

quarter-wavelength lines or stubs (not shown) 
may be arranged radially to the constricted diam 
eter coaxial supply line 28 to provide Support for 
the inner conductor 27. If desired, one or more 
supports or struts similar to those used in con 
nection with sleeves 97, 98, 99, 8, 02, may be . 
employed for providing additional Support for the 
end sleeve 26. Furthermore, Suppressors of 
undesired nodes (not shown) may be included in 
the enlarged coaxial supply line 9. An annu 
lar dielectric ring 34, 36, 37, 38, 39 of Suit 
able composition is shown included in the an 
nular slots 3, f4, f f 6, 7, 8, respectively, 
to increase the power handling capacity of the 
coupling units and provide additional Support 
for the sleeves 97, 98, 99, 0, 02. 
desired, the dielectric rings 34, 36, 37, 38, 39, 
may be omitted. 
In operation, the pulse generator 43 regulates 

the supply of electromagnetic energy, which ena 
nates from oscillator 42, to the enlarged coaxial. 
supply line S. At the same time, the pulse 
generator 43 is effective for controlling the intro 
duction of electrons projected from the electron 
source 34 into the wave energy guide 95. By real 
son of the delay line 44 interposed between the 
pulse generator 43 and the electron Source 34 
ample opportunity is provided for the electro 
magnetic energy within the guide 96 to reach the 
required intensity prior to the introduction of 
electrons. The electromagnetic excitation energy, 
which is propagated through the enlarged coaX 
ial supply line 49 is coupled to the wave guide 
96 through the annular slots 3, it 4, 6, 7, 
it 8. By employing progressively larger slots in 
the direction of energy propagation an increasing 
percentage of the power remaining within the 
enlarged supply line 9 is introduced into the 
guide 96. With the varied size annular ring 63, 
6', 33, electrons introduced with velocities 
somewhat lower than that of the velocity of light 
are permitted to absorb sufficient energy from the 
electromagnetic waves contained within guide 96 
to attain a velocity approaching that of light. 
This action takes place within the end sleeve 26 
and the compartments 03, 3. Once the elec 
trons have approached the desired velocity, the 
constrictions 29 are uniformly arranged, provid 
ing an internodal spacing substantially equal to 
the free-space quarter Wave-length at the Oper 
ating frequency. 
Thus, the arrangement shown in Fig.11 repre 

sents the preferred embodiment of the invention 
and is particularly useful for obtaining electrons 
Which have the desired magnitude of energy. By 
employing the desired loading, it is possible not 
only to employ electrons which have velocities 
substantially lower than that of the velocity of 
light, but to utilize a smaller magnitude of excita 
tion energy to sufficiently accelerate the electrons 
to a point where they may be suitably energized 
by the apparatus. In addition, the simultaneous 
control of the excitation energy and the Source 
of charged particles permits the construction of 
an energizer capable of delivering charged par 
ticles having energy greatly in excess of anything 

However, if 
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constrictions for reducing the internodal spacing 

75 

20 
heretofore known. The novel symmetrical dis 
tributive coupling arrangement is particularly 
effective for reducing the starting transient at 
the beginning of each pulse, suppressing unde 
sired modes of electromagnetic propagations and 
imposing a greatly reduced power load upon each 
coupling unit. The latter point is particularly 
significant in apparatus operating at high power 
levels where voltage breakdown and undesirable 
heating must be avoided. Thus, the device of 
Fig. 11 is particularly effective for achieving the 
major objects of the invention. 
Since many changes could be made in the above 

construction and many apparently Widely differ 
ent embodiments of this invention could be made 
without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draW 
ings shall be interpreted as illustrative and not 
in a limiting sense. 
What is claimed is: 
1. An electron accelerator comprising a Source 

of radio frequency excitation energy, a coaxial 
transmission line connected to said source of 
energy, said coaxial line having an enlarged por 
tion, the enlarged inner conductor portion being 
hollow and comprising a wave guide for main 
taining a cyclically-varying high frequency field, 
said guide having an entrance end, a source of 
electrons located adjacent said entrance end of 
said guide, a plurality of annular rings located 
within and concentric with Said guide, and means 
for projecting said electrons into the entrance 
end of said guide, the width and the axial Spac 
ing of said rings increasing along the length of 
the guide and the diameters of said rings increas 
ing along the length of said guide, said Spacings 
of said rings approaching the free-Space half 
wavelength of Said high frequency field. 

2. In an electron accelerator, a Wave guide hav 
ing internal conductive Surfaces and having all 
entrance end, a source of electrons located adja 
cent said entrance end of Said guide, a Symmetri 
cal coupling means for introducing excitation 
energy into said guide, said coupling means 
including a coaxial transimission line section hav 
ing a tubular inner conductor located intermedi 
ate said Source of electrons and Said guide and 
concentric thereWith for the passage of electrons 
therethrough, Said guide having annular rings 
with center-to-center spacings corresponding to 
the free-space half-wavelength at the operating 
frequency whereby the propagation of undesired 
modes of electromagnetic energy is Substantially 
eliminated. - 

3. An electron accelerator comprising a source 
of electrons which are to be accelerated, a wave 
guide having One end located adjacent Said elec 
tron Source, means for projecting Said electrons 
into Said guide, a source of high frequency exci 
tation power, a coaxial line extending along the 
length of said guide and having a portion of one 
of its conductors common with the wall of said 
guide, said coaxial line being connected to said 
power source, said common portions of said con 
ductor and said wall having a plurality of longi 
tudinally spaced apertures for distributedly intro 
ducing excitation energy into said guide. 

4. An electron accelerator comprising a wave 
guide having an internal conductive surface and 

of an electromagnetic field contained therein, a 
source of radio frequency excitation power, coax 
ial line means parallel to the axis of said guide 
and uniformly distributed round the periphery 
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of said guide and further having portions of its 
conductor walls common with the wall of said 
guide, said coaxial line means being connected to 
said power source, said common portions of Said 
walls having a plurality of longitudinally Spaced 
apertures, whereby a symmetrical and distributed 
coupling of said excitation energy into said guide 
is accomplished. 

5. A high power electron accelerator compris 
ing a guide formed of a plurality of coaxial sleeves 
having internal conductive surfaces, each of said 
sleeves having an enlarged outer diameter por 
tion at one end for overlapping the adjoining One 
of said sleeves to provide annular coupling slots, 
an outer conductor surrounding said guide and 
coaxial therewith, said outer conductor and the 
Outer Wall of said guide forming an enlarged CO 
axial supply line for supplying electromagnetic 
energy to said guide, said sleeves having internal 
annular rings coaxial therewith for reducing the 
internodal spacing of the electromagnetic energy 
therein, a portion of Said annular rings having 
increased center-to-center spacings, widths and 
aperture diameters along the longitudinal axis 
of said guide in a portion of said sleeves, the re 
mainder of said rings having uniform dimensions 
and spacings in the remainder of said sleeves, 
a Source of electrons positioned adjacent One end 
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of Said guide, an oscillator connected to said en 
larged coaxial Supply line for Supplying thereto 
said electromagnetic energy, and a pulse genera 
tOr connected to Said oscillator for regulating the 
introduction of energy into said coaxial line, said 
pulse generator further being connected to said 
electron source through a delay line to insure 
the excitation energy attaining sufficient propor 
tions prior to the introduction of electrons, 
whereby a high-energy beam of electrons is ob 
tained. 

6. An electron accelerator comprising a hollow 
Wave guide having a longitudinal axis, means 
for producing a stream of electrons and project 
ing Said Stream within said guide along said axis, 
an outer conductor surrounding said wave guide 
and cooperating with the Outer surface thereof 
to form a coaxial transmission line, said trans 
mission line being adapted to be connected to a 
source of high frequency electromagnetic wave 
energy, and means including apertures in the 
Wall of Said Wave guide for transferring electro 
magnetic Wave energy from said coaxial line to 
Said Wave guide, said apertures being radially 
Symmetrical about Said axis. 

7. An electron accelerator comprising a hollow 
Wave guide having a longitudinal axis, an elec 
tron gun adjacent one end of said guide and 
aligned on said axis to project a stream of elec 
trons along said axis through said guide, a plu 
rality of annular rings located within and con 
centric With said guide and spaced along said 
axis, consecutive rings along the initial portion. 
of the length of said guide being of increasing 
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22 
inner diameters, coupling means including a tu 
bular conductive member coaxial With Said guide 
and located between said electron gun and Said 
end of said guide, a source of high frequency al 
ternating current energy connected to Said coul 
pling means, and a pulse generator connected to 
said alternating current source and to said elec 
tron gun to energize said Source and said gun 
periodically. 

8. An electron accelerator comprising a hollow 
wave guide having a longitudinal axis, an elec 
tron gun adjacent one end of Said guide and 
aligned on said axis to project a stream of elec 
trons along said axis through Said guide, cou 
pling means including a tubular conductive mem 
ber coaxial With said guide and located between 
said electron gun and said end of said guide, a 
source of high frequency alternating current en 
ergy connected to said coupling means, a pulse 
generator connected to said alternating current 
Source and Said electron gun to energize said 
Source and said gun periodically, and a delay line 
included in the connection between said pulse 
generator and said electron gun, the delay of said 
line being approximately equal to the time re 
quired for an electromagnetic field to build up 
in said Wave guide to Substantially the full in 
tensity to be produced therein by said alternat 
ing current source. 
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