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METHOD OF AND APPARATUS FOR TREAT-
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6 Claims.
1

This invention relates to magnetic, electro-
static and other methods, and to different types
of apparatus practicing methods for distributing
the intensity of a high-energy electron heam,
thereby to obtain a more efficient utilization of
the total energy of such electron beam in the
sterilization of foods, drugs, packaging material
and other substances, materials, or matters,
which provide for adapting the high-energy elec-
tron beam to the size of the particular product
or other matter to be sterilized and which pro-
vide for obtaining a preferential distribution of
the intensity of the electron beam in the sterilizg-
tion of products or substances of varying thick-
ness or density.

In order that the principle of the invention
may be readily understood, I have disclosed sev-
eral embodiments thereof in the accompanying
drawings, wherein—

Fig. 1 is a vertical sectional view, partly broken
away, of one embodiment only of an acceleration
tube used in a high-voltage electrostatic gener-
ator, here shown, without limitation thereto, as
for the creation and maintenance of a beam of
high-energy electrons, which acceleration tube
is provided with a cathode, an accelerating re-
gion and aa electron or cathode-ray window of
any suitable character and through which the
beam of high-energy electrons may pass for

sterilizing action upon the mass of the substance, -

material or matter that is positioned and sup-
ported beneath said window ai a suitable dis-
tance thereirom, as upon a conveyor, table or
other support, and in such manner that the beam
may be varied by deflecting, shaping, spreading,
osciliating or otherwise modifying it (or/and the
substance or matter may be moved during the
sterilizing action) so that the action of the beam
may be accordingly modified for the purpose of
increasing the percentage or proportion of equal-
ization of the sterilizing action of said beam of
high-energy electrons upon all parts of such mass;

Fig. 1A is a view very similar to Fig. 1, but
showing the adaptation to my invention of the
most recent form of Van de Graaiff acceleration
tube;

Fig. 2 is a diagram representing the uneven
sterilizing action of the beam upon a product
package prior to my invention;

Fig. 3 is a diegram illustrating the sterilizing
action of a heam in accordance with my inven-
tion, wherein the beam is modified by a spread-
ing ‘or other action, or the product is moved
during sterilization, or beth actions occur;

Fig. 4 is a diagram showing the uneven steriliz~
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ing action prior to my invention of a beam of
high-energy electrons upon a product package of
irregular or uneven shape;

Fig. B is a diagram representing the more even
sterilizing action of a beam of high-energy elec-
trons when, in accordance with my invention,
the heam is modified as by a spreading action;
or the product is moved during sterilization, or
both actions are employed;

Fig. 6 is a diagram illustrating the modification
of a beam of high-energy electrons in accordance
with my invention, such beam being spread by
the action of alternating currents solenoid mag-
nets; ; .

Fig. 7 is a similar diagram llustrating the
modification of a beam of high-energy electrons
in accordance with my invention, the beam be-
ing spread by the action of parallel plates hav-
ing alternating current high-voltage impressed
across them;

Fig. 8 is a diagram representing the lower end
of an acceleration tube through the cathode-ray
window whereof the unmodified electron beam
emerges and thence into a product that is later-
ally vibrated or otherwise displaced during the
sterilizing action;

Fig. 8¢ is a diagram similar to Fig. 8, but
wherein the axis of the beam of high-energy
electrons is vibrated or otherwise moved to and
fro, but the product package remains stationary
during sterilization;

Fig. 9 is a diagrammatic representation of an
acceleration tube of any desired or suitable type,
wherein the cathode thereof is rocked or.oseil-
lated to and fro during the emission of the
beam of high-energy electrons, so as to modify
the said beam with respect to the position of the
product package positioned beneath said aceceler-
ation tube; .

Fig. 10 is a diagram indicating a sinusocidal
oscillation of the beam of high-energy electrons,
and at one side thereof is indicated the intensity
distribution of said beam with small sinusoidal
oscillations;

Fig. 11 is a diagram indicating the intensity
distribution for or incident to large sinusoidal
oscillations of the electron beam:

Tig. 12 is a view simular to Fig. 10, but repre-
senting a saw-toothed oscillation of the electron
beam and also indicating the intensity distribu-
tion for small saw-teothed oscillations;

Fig. 13 is a diagram similar to Pig. 11, but
representing the intensity distribution for large
saw=-toothed oscillations;

Figs. 14 and 15 are diagrams showing the effect
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of square wave oscillations, both large and small;

TFig. 16 is a diagram showing the modification
or displacement of the electron beam axis
threugh the action of an alternating current
magnetic field axis employing two sets of aliter-
nating current magnetic coils mutually at right
angles to each other;

Fig. 17 is a diagrammatic view similar to Fig.
16, but representing the displacement or modi-
fication of the electron beam axis through the
action of two sets of parallel plates providing two
alternating current signals of independent fre-
quency and magnitude; and

Fig. 18 schematically represents a combination
of electrostatic and electromagnetic deflecting
fields so oriented that the respective deflecting
forces are mutually perpendicular.

Referring first and specifically to Figs. 1 and
1A, I have therein diagrammatically indicated at
{ an acceleration tube, partly broken away, which
may be of any type, but there shown as the Van
de Graaff type, Fig. 1A showing the most recent
form thereof, as built by High Voltage Engineer-
ing Corporation, of Cambridge, Massachusetts,
the assignee of this application and invention.
The cathode from and by which the beam of
high-energy electrons is emitted is indicated at 2.
The cathode-ray window at the lower end of the
acceleration tube is indicated at 3. Such win-
dow may be of any suitable character, as, for
example, a very thin foil. The electron beam is
indicated at &, and at a suitable distance there-
below, as, for example, fifteen to forty centi-
meters, is positioned a conveyor support 5, mov-
able or stationary, upon which is positioned, 2s
an example only, a package or mass § of the
substance to be sterilized. For example, the
support may be a conveyor or a table. The dis-
tance between the cathode-ray window and the
supported package or mass may be suitably varied
within the scope of the invention. The sub-
stance being treated by sterilization may indeed
be in virtual contact with the window, but on
the other hand, it should not be unduly separated
therefrom. It may be placed between such
limits. The penetrating distance into the sub-
stance to be sterilized is approximately propor-
tional to energy in the range above .1 m. & V.
Tt is to be understood that in all cases the con-
veyor, table or other support may itself be moved
during the sterilizing action of the beam of high-
energy electrons, or such conveyor, table or other
support may remain stationary. That is to say,
in accordance with my invention, I may modify,
a5 hereinafter described or otherwise, the position
of the axis of the electron beam, or I may during
sterilization move the conveyor, table or other
support, or I may both modify the axis of the
beam and at the same time may move the con-
veyor, belt or other support, and I may suitably
vary the distance between the window and the
substance being sterilized.

The conveyor or cther support is of material
impervious to electron bombardment, such as
metal, or I may provide means to protect the
conveyor or other support in the vicinity of
intense electren keam action as, for example, a
plate which momentarily separates the product
from the ccnveyor or other support. If, for
example, the support is a driven conveyor, such
as a belt, I may (and preferably do) during the
travel of the helt, very rapidly deilect, vary,
oscillate or otherwise change the position of the
axis of the beam of high-energy electrons with
respect to. the position on the bel} of the maiter
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ing action of such beam of high-energy electrons.
This I may do, for example, by oscillating the said
beam of high-energy electrons with great rapidity
across the entire width of the traveling belt
whereon the matter or substance is supported,
and the speed of travel of the belt or other con-
veyor relative to the width of the said beam in
g direction of travel of the belt or other conveyor

. is so arranged that each particle of the matter

or substance obtains one or more successive
irradiations hy the said beam of high-energy
electrons.

In the sterilization of foods, drugs, medical
supplies, packaging material and other products,
substances and materials, by means of high-
energy electrons or cathode rays, the normal
transverse distribution of electrons is represented
by a curve as shown at T in Fig. 2. Although the
shape of the curve may be different depending
upon the energy of the electron beam and de-
pending upon the type of cathode-ray window
or scattering agent interposed between the win-
dow and the product to be sterlized, the distribu-
tion is characterized by a central region of rela-
tively high intensity which attenuates gradually
as the distance from the axis of the electron
beam is increased by said curve, as indicated in
said Fig. 2. A product, such as indicated at 8,
being sterilized by such a beam of electrons re-
ceives more intensity than is required in its cen-
tral regions and barely enough at its outer edges.
As shown in Fig. 2, the portion of the curve 1
that is shaded represents electron power that is
not used or which is used inefiiciently. An im-
portant improvement in the efficiency of this
electron beam can be obtained by spreading the
intensity lateraily, as is done in the practice of
my invention, thus broadening the region of
maximum intensity and reducing the attenuated
portions. Fig. 3 shows schematically the type
of improvement that would be obtained. Therein
two packages are indicated at 8 and {8. Although
the intensity is reduced in the central portions,
the resultant beam is now broad enough so that
a plurality of products (herein shown as two)
can be treated at the same time. A net increase
in the rate of treatment is thus obtained even
though individual units of the product remain
under the beam for a longer period of time. In
Pig. 8 the curve is shown at i1, and the character
thereof as compared with that shown in Fig. 2
is marked.

From the foregoing considerations it will be
evident that my herein disclosed method is also
adapted to the sterilization of products, mate~
rials, ete. whose lateral dimensions are large
as compared to the natural or normal size of the
beam of high-energy electrons. Products of ir-
regular dimensions or of vary density are also
treated inefficiently with the use of the normal
electron beam. I obtain an improvement in effici-
ency by causing a preferential distribution of in-

_ tensity of the beam of high-energy electrons over

the surface of the product to be sterilized. This
application is shown schematically in Fig. 4,
which shows the inefficient utilization of electron
beams prior to my invention, and Fig. 5 shows a
more efiicient utilization of the beam for the par-
ticular product indicated in Fig. 4. In both of
said figures, the irregularly shaped package or
product is indicated at 12. In Fig. 4 the curve (3
represents the sterilizing action of the beam prior
to my invention, and in Fig. 5 the curve 14 repre-
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sents the sterilizing action of the beam in ac-
cordance with my invention.

In both Figs. 4 and 5, the irregularly shaped
package {2 is shown as of stepped form, but it is
to be understood that my invention may be em-
ployed in sterilizing the contents of a package of
any iregular shape or of regular shape, or of un-
packaged material. In Fig. 5, the deflection of
the axis of the beam distribution, in accordance
with the shape of the product, is indicated by the
vertical lines {5 and #7, and the axis of the un-
defiected beam distribution is indicated by the
vertical line 16. In Fig. 4, which represents the
procedure employed prior to my invention, the
axis of the beam of high-energy electrons is in-
dicated at {8. It is to be noted that in Fig. 2 the
axis of the electron beam, according to the pro-
cedure of my invention, is also indicated at I8,
and that in Fig. 3 the extent of beam axis dis-
placement by any suitable means is indicated by
the vertical lines % and 21, and the undeflected
beam axis is indicated by the vertical line 28.

" In former practices, as indicated in Fig. 2, the
electron bheam intensity varies with the distance
from the beam axis. In Fig. 3, the spread elec-
tron beam intensity varies as the distance from
the beam axis. The curves (Figs. 2 and 3) are
plots of the electron beam iniensity as a func-
tion of distance from the undeflected beam axis,
and the areas under both curves are equal, repre-
senting equal total electron intensities. Pig. 3
indicates that with the same total beam intensity
as in Fig. 2, two products can be treated instead
of one, as in Fig. 2.

Sources of high-energy electrons—The inven-
tion herein disclosed can be used without limita-
tion on any electron accelerator producing elec-
trons of energy exceeding 100,000 electron volis.
Among electron accelerators which I may use
are the electrostatic or Van de Graaff accelerator,
resonance transformers, transformer-rectifiers in
any of their modifications, impulse or Marx gen-
erators or cepacitrons, microwave wave-guide
linear accelerators, betatrons and synchrotrons.

The electron beams from certain of them are 43

more easily adaptable for spreading than others.
The Van de Graaff-type generator, resonance
transformers and transformer-rectifiers repre-
sent examples of this type. The other accelera-
tors referred fo yield electron beams in pulses
rather than in a continuous stream. The adapta-
tion of an electron beam-spreader to accelerate
beams of the pulse type are discussed subse-
quently. My method may be practiced without
limitation by many diferent types of electron ac-
celerators and includes a number of different
methods for medifying by a spreading or other
action a high-energy electron beam, for carrying
out the okject therecs, and also includes marked-
ly different apparatus for carrying out such
methods. Several types of apparatus for the
purpose will now be described without, however,
limiting my invention thereof.

Methods of spreading o beam of high-energy

electromns

A, Muagnetic deflection of eleciron beams.—
After electrons are accelerated to the terminal
energy esiablished by the particular accelerator
used, they travel in a straight line in the vacuum
region unless acted upon by some external agency.
A magnetic field directed at right angles to the
direction of propagation of the beam will cause
the beam deflection in a direction at right angies
to either of the said directions.
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If the magnetic field is created by an alter-
nating current passing through a solencid coil,
the electron beam will oscillate about its beam
position with a frequency of the oscillating cur-
rent and with an amplitude of oscillation depend-
ing upon the strength of the magnetic field. Fig.
6 shows diagrammatically the location of the sole-
noid coils 22, 23 to give the desired deflection of
the electron beam, indicated at 24. A small
angular beam displacement in the vicinity of the
magnetic field will cause a lateral movement of
the electron beam center, the magnitude of which
depends upon the strength of the magnetic feld
and on the distance of the products therefrom.
One or more solenoid coils may be used for the
purpose. My invention is not restricted o the
character of the apparatus producing the alter-
nating current magnetic field required.

B. Electrostatic deflection.—The electron heam,
indicated at 25 in Fig. 7, can be similarly de-
flected by an alternating electrostatic field at
right angles to the direction of propagation of
the electron beam. Fig. 7 shows schematically
a pair of paralle] conducting plates 25, 27 well
insulated from each other, on which an alter-
nating high voltage is impressed. As in the case
of the magnetic deflection method and apparatus,
indicated in Fig. 6, the magnitude of the dis-
placement of the electron keam center depends
upon the magnitude of the aliernating high volt-
age and on the distance of the product from the
eleetrostatic field.

Summarizing, Fig. § indicates diagrammati-
cally the spread of the electron beam axis in the

* case of the application of an alternating current

magnetic field, and Fig. 7 indicates the spread of
the electron beam through the action of parallel
plates with slternating-current high-voitage
impressed across them. In accordance with my
invention, the deflection of the eleciron beam may
be effected either by an all-electromagnstic sys-
tem or an all-electrostatic system, or by & combi-
nation of such two systems as hereinafter de-
scribed.

In Pigs. 8 and 8A are diagrammatically repre-
sented two alternative procedures constituting
two different embodiments of the apparatus of
my invention. In Fig. 8 the cathode-ray window
of the acceleration tube is indicated at 28, the

. axis of the electron beam is indicated at 29, and

8 package of the product is indicated at 38 as
supported upon a conveyor belt 31 or other suit-
able support. In this construction-the electron
beam axis is not moved or otherwise modified, bus
the support 31 for the product is moved, vibrated
or ctherwise shifted to and fro as indicated by
the dotted lines 32, 33. The vibration amplitude
of the product is indicated at 33.

In Fig. 8A the cathode-ray window is indicated
at 35 and the beam of high-energy electrons is
medified in any suitable manner while the prod-
uct, indicated at 26, and the support 37 therefor
remain stationary. The vibration amplitude of
the acceleration tube is indicated by the vertical
lines 28, 39, the axis of said beam being indicated
by the vertical line 48.

It is to be understood that the heam may bz vi-
brated or otherwise modified in any manner and
that if desired I may vibrate or otherwise modi~
fy the electron beam, as indicated in Fig. 84, and
at the same time I may also vibrate or otherwise
suitably move the product as indicated in Fig. 8.
That is to say, I may vibrate or otherwise modify
the electron beam or vibrate or otherwise modify
the position of the product, or T may at the same
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time both vibrate the beam and also vibrate or
otherwise move the product.

C. Mechanical oscillation of the cathode of the
electron accelerator—I may obtain a certain
amount of displacement of the center line of the
electron beam with respect to the center line of
the accelerating tube by mechanically displacing
the cathode with respect to the acceleration tube
axis. Fig. 9 shows schematically the resulis
which can be thereby obtained. There are, how-
ever, certain limitations atiendant upon a me-
chanical oscillation of the cathode, as follows:

The initial beam of electrons can be displaced
no further than the internal dismeter of the
aceeleration tube. This method of spreading the
electron beam I do not at present consider en-
tirely suitable for such acceleraiors, as the beta-
tron or the synchrotron which do nol involve
high voltages hut which accelerate electrons by
other means. Such method and means therefor
are, however, within the scope of my invention.

The cathode of an acceleration tube ean be
oscillated by one of several methods or types
of apparatus including the following:

T establish an insulating mechanical linkage
between the cathode and the grounded end of the
electron accelerator, by means of which the
necessary oscillation can be obiained. This
manner of operation is limited to the transmit-
tal of a relatively simple type of motion, and 1
do not consider it to be adaptable to some of
the more complex modes of oscillation herein-
after referred to. I may oscillate the cathode by
means of an arrangement which obtains its
power from the same source as does the cathode
filament itself. I may also employ a remote con-
trol arrangement to permit the selection of the
proper mode of oscillation for the particular
type of product being sterilized.

In Pig. @ the aceceleration tube is diagrammat- «

ically indicated at 41 and the cathede thereof at
42, the iatter being mounted on a suitable pivot
indicated at 43. By any suitable mechanical
linkage, diagrammatically indicated at 44, the
cathode 42 may be oscillated upon its pivot 43 to
the extent indicated or described. In this figure
the cathode-ray window is indicated at 4§, the
axis of the electron beam being indicated at 46
and the extent of the shift of the axis of the
electron beam is indicated by the said line 45
and the adjacent substantially vertical line 47.
. Mutual oscillation of the product end the
electron accelerator—As alveady stated and de-
pending upon which is the more convenient, the
product on its conveying belt or table or other
support, or the electron beam issuing through the
electron accelerator, or the acceleration tube
itself, may be displaced, or both the electron
beam and the product may at the same time be
displaced in such manner that the electron heam
effectively sweeps across the surface of the prod-
uct. Within the scope of my invention the ac-
celerator tube itself may be vibrated or moved
slightly to and fro, thereby causing the vibra-
tion of the electron beam because of the vibra-
tion of the acceleration tube, even though the
electron beam itself is not oscillated or otherwise
modified with respect to the acceleration tube it-
self, which iatter is in the instance referred to
the thing that is vibrated or otherwise moved.
In the referred to manner of operation (that
is, the vibration or movement of the conveying
belt or table, or the vibration or movement of
the electron accelerator itself, or the simulta-
neous movement both of the conveying belt or
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8
table and of the electron accelerator) the actual
means for effecting oscillation or movement is
quite simple with respect to the mechanical
problems involved. Figs. 8, 8¢ and 9, as above
stated, show diagrammatically how any and all
of these ways of effecting oscillation or movement
of one or the other, or both the elements in-
volved, may be practiced.

Modes of oscillation of eleciron beams—De-
pending upon the extent to which the electron
beam is to spread and also upon the shape and
size of the product to be sterilized, I employ
various types and modes of oscillation-or move-
ment. The simplest oscillation is sinusoidal, as
indicated at 48 in Fig. 10. If the displacement
of the center line of the electron beam is small
in comparison to the normal spread of the beam,
the resultant distribution in .intensity, the fime
being averaged, resembles that shown at 49, at
the right in Fig. 10. If the deflection of the
heam center line is large as compared with the
normal beam diameter, the time-averaged in-
tensify pattern would resemble that shown at
30 in Fig. 11.

A saw-toothed mode of oscillation, indicated
at 51 in Pig. 12, yields the distribution shown at
52 in Fig. 12, if the beam deiflection is small in
combparison with the beam diameter, and is shown
at 53 in Tig. 13 if the deflection is large in com-
parison with the beam diameter.

wigs. 14 and 15 show the effect on intensity
distribution if a square-wave mode of oscillation
54 or 55 is used, for the cases of small and large
deflection respectively, as indicated at 5% and
57 therein. In the case of the Van de Graafi-
type of accelerator an oscillation freguency of
sixty cycles per second is adequate because of the
direct-current nature of the electron heam. For
a transformer-rectifier set operating from sixty
cycle power, an oscillation frequency for the
electron beam of sixty cycles per second I con-
sider to be adequate, but a higher frequency may
be preferable to avoid the effect of interference
between the normal frequency of the election
The res-
onance transformer type of electron accelerator
may operate with freguencies higher than 60
cycles per second as, for example, 189 cycles per
second. Por this type of accelerator, a deflec-
tion or oscillation frequency greater than the
normal accelerating frequency is to be preferred.

In the case of the accelerators whose electron
beam output is of a pulsed nature rather than of
a continuous nature, the deflection freguency
must be very high to permit using this technique.
For example, the oscillation frequency for the
impulse generator or capacitron must be in the
megacycle range because of the fact that the
pulse duration is of the order of a microsecond.
The same conditions apply to the oscillation of
a pulsed beam from the linear acgelerator,
betatron or synchrotron.

My invention as to both method and appara-
tus may be practiced with or by any of such

5 types of apparatus, the adaptation of any or all

of which, for practicing my invention, is within
the scope of my invention.

Preliminary beem~focusing before oscillation.—
The use of a direci-current snnular magnet sur-
rounding the accelerated electron beam permits
varying the natural or norinal diasmeter of the
heam as it emerges from the scceleration tube.
Depending upon the product to be sterilized, I
consider it to he efficient either to reduce or to
increase the natural or nermel size of the beam
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by focusing or defocusing with an annular mag-
net. Depending upon the magnitude of the
direct-current sent through the magnet, the beam
size is progressively brought to a focused and
thence to an overfocused condition.

An anuular electric magnet for the purpose of
focusing an electron beam of swift particles is
shown at 14 in Fig. 1 of the United States patent
to Van de Graaff and Buechner, No. 2,517,260,
dated August 1, 1950, in connection with the ac-
celeration hereinbefore referred to. I may em-
ploy such a magnet for my said pUrpose.

Varying the shape of the emerging electron
beam in more than one dimension.~By utilizing
two sefs of alternating magnet coils mutually at
right angles to each other, or two sets of parallel
plates, two alternating current signals of inde-
pendent frequency and magnitude are applied for
the purpose of producing an electron beam shape
of any desired pattern such as an ellipse or a ree-
tangle, or other geometric figure. The principle
involved in this technique is well illustrated by
the operation of a cathode-ray oscilloscope. Figs.
168 and 17 show schematically the effects of add-~
ing these improvements.

In Fig. 16 the electron beam axis is indicated
at 38 and the spread thereof is indicated at 59.
The two sets of alternating magnet coils mutually
at right angles to each other, are indicated at 89,
61 ang 62, 53.

In Fig. 17 the electron beam axis is indicated
at 84 and the spread thereof at 85. The two sets
of parallel piates are indicated at 66, 67 and 68,
69.

I have at a preceding point stated that the de-
flection of the electron beam may be effected by
a combination of an electromsagnetic system.
Such a combined system is represented in Fig.
18, wherein I have represented a pair of parallel
conducting plates 78, 71, and a pair of magnet
coils or magnets 72, 13. The axis of the electron
beam is indicated at 74, the electric field axis
at 15, the magnetic field deflection force at 18,
and the resulting paitern locus at the electron
beam axis at 17.

It is elearly to be understood that I employ my
method herein disclosed not only for products

such as foods, drugs, etc., whether packaged or’

non-packaged, but also for the sterilization of
packaging material.

Regarding the sterilization of packaging ma-
terial, the state of the art is rather undeveloped
at this time. There is a very evident need in
commerce for sterilizing plastic foil, metal foil,
cardboard, glass and plastic containers, and other
substances of a similar nature. It is important
in some cases that the packaging materia] itself
be sterile in addition to the produce which is
contained therein. In other cases, it is sufficient
to sterilize the package material only. In any
event, such packaging material would be sterilized
after the articles are placed therein because, oth-
erwise, contamination would result in the wrap-
ping of the articies. Among packaging material
that I sterilize by the method herein disclosed, I
mention plastic foil, metal foil, cardboard, glass
and plastic containers and other substances of
a similar nature.

T4 is to be clearly understood from the foregoing
that many different mechanisms or apparatus
differing greatly from each other and inde-
pendent of each other can be used to carry out
the method or methods herein disclosed, and their
uses for my purposes are within the scope of my
invention.
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16.

The purpose of this invention is to distribute
the intensity of a high energy electron beam, so
ag thereby to obtain a more efficient utilization of
the total energy of such an electron beam. While
for this purpose I have herein disclosed that I
may rapidly deflect, vary, oscillate or otherwise
change the position of the axis of the beam of
high energy electrons, that is done for the pur-
pose just stated.

The normal transverse distribution of electrons
of a high energy electron beam is characterized
by a ceuntral region of relatively high intensity
which attenuates gradually as the distance in-
creases from the axis of the electron beam, and
my invention is for the purpose of remedying
that condition,

This application is referred to in the specifica-
tion of the patent to Denis M. Robinson, No.
2,602,751, dated July 8, 1952, between line 59 of
column i and line 15 of column 2 of said patent.
It is there correctly pointed out that this present
application provides means for varying the nor-
mal relation of the axis of the beam of high
energy electrons with respect to the position of
the mass of the substance or material subjected
to the action of such beam of high energy elec-
trons for the purpose of more nearly equalizing
the sterilizing action of such beam of high energy
electrons, or, in other words, of inereaging the
percentage or portion of the sterilizing action
of said beam upon all parts of the substance or
material, while the same is being subjected to
such sterilizing action.

The said patent to Robinson, No. 2,602,751, is
distinguished from the present invention in that
it discloses a method and means for irradiating
with a continuous electron beam of high energy
electrons, materials wherein it is desired to deliver
the required total dosage with maximum ioniza-
tion density, which method comprises rapidly
scanning or sweeping such materials with such
electron beam.

Therefore, this present application does not
present a disclosure or anticipation of the subject

5 matter of said Robinson Patent 2,602,751, neither

does that patent present a diselosure of the sub-
ject matter of this application,

Having thus described several methods and
several types of apparatus for practicing the
same, it Is to be understood thai although spe-
cific terms are employed, they are used in a gen-
eric and descriptive sense and not for purposes
of limitation, the scope of the invention being
set forth in the following claims.

I claim:

1. The method of increasing the uniformity of
distribution of the intensity of g high-energy
electron beam, comprising the following steps:
creating a beam of high-energy electrons in an
evacuated region; directing said beam of high-
energy electrons out of said evacuated region and
onto the surface of the mass of the substance to
be irradiated by said high-energy electrons; and
distributing during the irradiation the intensity
of the action of the high-energy electrons on the
mass of the substance being irradiated by sub-
Jecting said beam to the action of an electron-
deflecting field; causing said field to vary cycli-
cally in time, whereby the path of the intersec-
tion of said beam and the incident surface of the
mass of the substance heing irradiated repeatedly
describes a linear pattern ; and, in so varying said
field, causing said field to vary in such a manner
as to render substantially uniform over said linear
pattern the electron current, impinging on said
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surface, per unit length of the path described by
the intersection of said beam and said surface.
9. A method in accordance with claim 1, where-
in the electron-deflecting field is & magnetic field.
3. The method of delivering the ionizing energy
of a beam of high-energy electrons to substances
to be irradiated, with maximum energy efficiency
and minimum side effects due to excess dosage,
which method comprises the following steps: cre-
ating a beam of high-energy electrons in an evac-
uated region; directing said beam of high-energy
electrons out of said evacuated region and onto
the surface of the mass of the substance to be ir-
radiated by said high-energy electrons; and dis-
tributing during the irradiation the infensity of
the action of the high-energy electrons on the
mass of the substance being irradiated by sub-
jecting said beam to the action of an electron-
deflecting field; causing said field to vary cycli-

cally in time in such a manner that the path of :

intersection of said beam and the incident sur-
face of the mass of the substance being irradiated
repeatedly describes an elongated, substantially
rectilinear pattern; and, in so varying said field,

causing said field to vary in such a manner that -

the velocity with which said beam moves along
said pattern from one extremity thereof to the
opposite extremity thereof is substantially con-
stant.

4. Apparatus for delivering the ionizing energy -

of a beam of high-energy electrons to substances
to be irradiated, with maximum energy efficiency
and minimum side effects due {o excess dosage,
comprising in combination: means for creating a

beam of high-energy electrons in an evacuated o

region; means for directing said beam out of said
evacuated region and onto substances to be
irradiated by said high-energy electrons; means
for creating an electron-deflecting field in the
path of said beam; means for varying said field
cyclically in time, whereby the path of the inter-
section of said beam and the incident surface of
the substance being irradiated repeatedly de-
scribes a linear pattern; and means for control-

ling the variation of said field so as to render sub- ¢

stantially uniform over said linear pattern the
electron current, impinging on said surface, per
unit length of the path described by the inter-
section of said beam and said surface.

5. Apparatus for delivering the ionizing energy &

of a beam of high-energy electrons to substances
to be irradiated, with maximum energy efficiency
and minimum side effects due to excess dosage,
comprising in combination: means for creating a
beam of high-energy electrons in an evacuated
region; means for directing said beam out of said
evacuated region and onto substances to be

40
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jrradiated by said high-energy electrons; means
for creating an eleciron-deflecting field in the
nath of said heam; means for causing the in-
tensity of said field to oscillate, whereby the
path of the intersection of gaid beam and the
incident suriace of the substance being irradiated
repeatedly describes a substantially rectilinear
paitern, the amplitude of said oscillation being
sufficient so that the length of said substantially
rectilinear pattern is large relative to the width
thereof; and means for controlling the rate at
which the intensity of said field varies during
said osciliation se that the velocity with which
said beam moves along said pattern from one
extremity thereof to the opposite extremity
thereof is substantially constant.

5. Apparatus for delivering the ionizing energy
of a beam of high-energy electrons Lo substances
to be irradiated, with maximum energy efficiency
and minimum side effects due to excess dosage,
comprising in combination: an evacuated accel-
eration tube for creating a beam of high-energy
electrons, said evacuated acceleration tube hav-
ing an electron permeable window to prevent
impairment of the necessary vacuum in said accel-
eration tube while permitting said beam to issue
therefrom; means for divecting said beam oub
of said acceleration tube through said electron
permeable window and onio substances to be
irradiated by said high-energy electrons; means
for creating an electron-defiecting field in the
path of said beam; means for varying said field
cyclically in time, whereby the path of the inter-
secbion of said beam and the incident surface of
the substance being irradiated repeatedly de-
scribes a linear pattern; and means for control-
ling the variation of said field so as to render
substantially uniform over said linear pattern
the electron eurrent, iropinging on said surface,
per unit length of the path descrived by the inter-
section of said beam and said surface.
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