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Patented June 8, 1954 

UNITED STATES 

2,680,815 

PATENT OFFICE 
2,680,815 

WEBOED OF AND APPARATUS FOR TREAT 
ING SUBSTANCES WITH HIGE ENERGY 
ELECARONS 

Ernest A. Burrill, Natick, Mass., assignor to High Woltage Engineering Corporation, Cambridge, 
Mass., a corporation of Massachusetts 

Application December 28, 1950, Serial No. 203,172 
(C. 250-49.5) 6 Claims. 

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 beam, 
thereby to obtain a more efficient utilization of 
the total energy of such electron beain 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 
wide for obtaining a preferential distribution of 
the intensity of the electron beam in the steriliza 
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 
a Way, 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 an 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 at a suitable dis 
tance therefrom, as upon a conveyor, table or 
other Support, and in such manner that the beam 
may be varied by deflecting, shaping, spreading, 
oscillating 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. A is a view very similar to Fig. 1, but, 
showing the adaptation to my invention of the 
most recent form of Wan de Graaff 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 diagram illustrating the sterilizing 
action of a bean in accordance with my inven 
tion, wherein the beam is modified by a spread 
ing or other action, or the product is noved 
during sterilization, or both 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. 5 is a diagram representing the more even 
sterilizing action of a beam of high-energy elec 
trons when, in accordance with my invention, 
the beam 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 illustrating 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 
energes and thence into a product that is later 
ally vibrated or otherwise displaced during the 
Sterilizing action; 

Fig. 8d. 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 . OScil 
lated to and fro during the emission of the 
bean of high-energy electrons, so as to modify 
the said beam with respect to the position of the 
product package positioned beneath said acceler 
ation tube; 

Fig. 10 is a diagram indicating a sinusoidal 
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; 

Fig. 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-toothed oscillations; 

Fig. 13 is a diagram similar to Fig. 1, 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; 
Fig. 6 is a diagram showing the modification 

or displacement of the electron beam axis 
through the action of an alternating current 
magnetic field axis employing two sets of alter 
nating current iinagnetic coils mutually at right 
angles to each other; 

Fig. 7 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 thereiin diagrammatically indicated at 
an acceleration tube, partly broken away, which 

may be of any type, but there shown as the Wan 
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 
metel's, is positioned a conveyor support 5, now 
able or stationary, upon which is positioned, as 
an example only, a package or mass 6 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 
therefron. 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 ... m. e. V. 
It is to be understood that in all cases the coin 
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 reinain stationary. That is to Say, 
in accordance With my invention, I may modify, 
as 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 other 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 electron beam action as, for example, a 
plate which momentarily separates the product 
from the conveyor 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 belt, very rapidly deflect, vary, 
oscillate or otherwise change the position of the 
axis of the beam of high-energy electrons with 
respect to the position on the belt of the matter 

4. 
or substance that is to be subjected to the steriliz 
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ing action of such beam of high-energy electrons. 
This I may do, for example, by oscillating the said 
bean 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 
a 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 by the said bean 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 elections is represented 
by a curve as shown at T in Fig. 2. Although the 
Shape of the culve 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 7 
that is shaded represents electron power that is 
not used Or Which is used inefficiently. An im 
portant improvement in the efficiency of this 
electron bean can be obtained by Spreading the 
intensity laterally, as is done in the practice of 
my invention, thus broadening the region of 
maximum intensity and l'educing the attenuated 
portions. Fig. 3 shows schematically the type 
of improvement that would be obtained. Therein 
two packages are indicated at 3 and C. Although 
the intensity is reduced in the central portions, 
the resultant bean 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 bean for a longer period of time. In 
Fig. 3 the curve is shown at , 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, etc. whose lateral dimensions are large 
aS compared to the natural or normal size of the 
bean 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 efficient 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 2. In Fig. 4 the curve f3 
represents the sterilizing action of the beam prior 
to my invention, and in Fig. 5 the curve 4 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 en 
ployed in Sterilizing the contents of a package of 
any irregular shape or of regular shape, or of un 
packaged materia. 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 , and the axis of the un 
deflected bean distribution is indicated by the 
vertical line 6. 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 bean, according to the pro 
cedure of my invention, is also indicated at 8, 
and that in Fig. 3 the extent of beam axis dis 
placement by any suitable means is indicated by 
the vertical lines 3 and 22, and the undeflected 
beam axis is indicated by the vertical line 20. 
In former practices, as indicated in Fig. 2, the 

electron beain intensity varies with the distance 
from the bean 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 intensity as a func 
tion of distance from the undefected beam axis, 
and the areas under both curves are equal, repre 
senting equal total electron intensities. Fig. 3 
indicates that with the same total bean 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 volts. 
Among eiectron accelerators which I Gay use 
are the electrostatic or Van de Graaff accelerator, 
resonance transformers, transformer-rectifiers in 
any of their modifications, impulse or Marx gen 
erators or capacitrons, microwave Wave-guide 
linear accelerators, betatrons and Synchrotrons. 
The election beans fron certain of thern are 
nore easily adaptable for spreading than others. 
The Wan de Graaff-type generator, resonance 
transformers and transformer-rectifierS repre 
sent examples of this type. The other accelera 
tors referred to yield electron beams in pulses 
rather than in a continuous stream. The adapta 
tion of an electron beam-spreader to accelerate 
beans of the pulse type are discussed subse 
quently. My method may be practiced without 
limitation by many different types of electron ac 
celerators and includes a number of different 
methods for modifying by a spreading or other 
action a high-energy election beam, for carrying 
out the object thereof, 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 a beam of high-energy 

elections 
A. Magnetic defection of electron begin23 

After electrons are accelerated to the teriainal 
energy established 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 angles 
to either of the Said directions. 

() 

() 
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If the magnetic field is created by an alter 

nating current passing through a solenoid coil, 
the electron beam will oscillate about, its beam 
position with a frequency of the oscillating cur 
rent and With an aimplitude 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 bean, indicated at 24. A Sinal 
angular beam displacement in the vicinity of the 
magnetic field will cause a lateral novernent of 
the electron beam center, the magnitude of which 
depends upon the Strength of the inagnetic field 
and on the distance of the products therefronn. 
One or more solenoid coils may be used for the 
purpose. My invention is not restricted to the 
character of the apparatus producing the alter 
nating current magnetic field required. 
B. Electrostatic deflection.-The electron beam, 

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 parallel conducting plates 25, 2 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 
placeinent of the electron bean center depends 
upon the imagnitude of the alternating high voit 
age and on the distance of the product from the 
electroStatic field. 

Sumimarizing, Fig. 6 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 alternating-curret, high-voitage 
impreSSed acroSS thena. In accordance with my 
invention, the deflection of the electron beam may 
be effected either by an all-electronagnetic sys 
ten or an all-electrostatic system, or by a combi 
nation of Such two Systems as hereinafter de 
Scribed. 

In FigS. 8 and 8A are diagrammatically repre 
Sented two alternative procedures constituting 
two different embodilinents of the apparatus of 
ny invention. In Fig. 8 the cathode-ray Window 
of the acceleration tube is indicated at 23, the 
axis of the electron bean is indicated at 29, and 
a package of the product is indicated at 3 as 
Supported upon a conveyor belt 3 or other suit 
able Support. In this construction the electron 
beam axis is not moved or otherwise modified, but, 
the Support 3 for the product is moved, vibrated 
or otherwise shifted to and fro as indicated by 
the dotted lines 32, 33. The vibration amplitude 
of the product is indicated at 3i. 

In Fig. 8A the cathode-ray window is indicated 
it; at 35 and the beam of high-energy electrons is 

modified in any suitable manner while the prod 
uct, indicated at 36, and the Support, 3 therefor 
remain stationary. The vibration amplitude of 
the acceleration tube is indicated by the vertical 
lines 38, 39, the axis of said bearin being indicated 
by the Wertical line 4. 

It is to be understood that the beam may be wi 
brated or otherwise modified in any manner and 
that if desired. I may vibrate or otherwise inodi 
fy the electron beam, as indicated in Fig. 8A, 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 I may at the same 
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time both vibrate the beam and also vibrate or 
otherwise move the product. 

C. Mechantical osciliation of the cathode of the 
election. GCCéierator-I may obtain a certain 
amount of displacemeint of the center line of the 
election 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 results 
which can be thereby obtained. There are, how 
ever, certain limitations attendant upon a nine 
chanical oscillation of the Catilode, as follows: 
The initial beaim of electrons cai he displaced 

no further than the internal dia.inetel of the 
acceleration tube. This method of spreading the 
electron ean I do not at present COinSide en 
tirely suitable for such accelerators, as the beta 
tron or the Synchrotron which do not involve 
high voltages but, which accelerate elections by 
other means. Such method and nears therefo1" 
are, however, within the Scope of my invention, 
The cathode of an acceleration tube can be 

oscillated by one of several methods or types 
of apparatus including the following: 

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 obtained. This 
manner of operation is limited to the transmit 
tal of a relatively simple type of notion, and I 
do not consider it to be adaptable to Sonne 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 Sane 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 Fig. 9 the acceleration tube is diagrammat 
ically indicated at A and the cathode thereof at 
42, the atter 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 35, the 
axis of the electron bean being indicated at 6 
and the extent of the shift of the axis of the 
electron ceam is indicated by the said line 45 
and the aidjacent Substantially vertical line 4. 

3. Autual oscillation of the product and the 
electron accelerator.-As already stated and de 
pending upon which is the more convenient, the 
product on its conveying celt 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 tinae be 
displaced in such manner that the electroit bean 
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 election bean 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 latter 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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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, 8d, 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 electron beans-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, employ 
various types and modes of oscillation or nove 
ment. The simplest oscillation is sinusoidal, as 
indicated at 38 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 time 
being averaged, i'esembles that shown at 49, at 
the right in Fig. 10. If the deflection of the 
beam center line is large as coinpared with the 
normal beam diameter, the time-averaged in 
tensity pattern would resemble that shown at 
50 in Fig. 11. 
A saw-toothed mode of osciliation, indicated 

at 5 in Fig. 12, yields the distribution shown at 
52 in Fig. 12, if the beam defection is small in 
Comparison with the beam diameter, and is shown 
at 53 in Fig. 13 if the deflection is large in com 
parison with the beam diameter. 

Figs. 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 36 and 
5 therein. In the case of the Wan de Graaff 
type of accelerator an oscillation frequency of 
Sixty cycles per Second is adequate because of the 
direct-current nature of the electron bean. 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 electron 
beain and the defiection frequency. The res 
Onance transforliner type of electron accelerator 
may Operate With frequencies higher than 60 
cycles per second as, for example, 180 cycles per 
Second. For this type of accelei'ator, a deflec 
tion or oscillation frequency greater than the 
normal accelerating frequency is to be preferred. 

in the case of the accelerators whose electron 
bean output is of a pulsed nature rather than of 
a continuous nature, the deflection frequency 
must be very high to perimit 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 puised beam from the linear accelerator, 
betatron or synchrotron. 
My invention as to both Inethod and appara 

tus may be practiced with or by any of such 
types of apparatus, the adaptation of any or all 
of which, for practicing my invention, is within 
the scope of my invention. 

Preliminarg leg 2-focusing before osciation.- 
The use of a direct-current, annular magnet sur 
rounding the agcelerated electron beam permits 
varying the natural or normal diameter of the 
bean as it emerges from the acceleration tube. 
Depending upon the product to be sterilized, I 
consider it to be efficient eithel to reduce or to 
increase the natural or normal 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 annular electric magnet for the purpose of 

focusing an electron beam of Swift particles is 
shown at É 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 emi 
ploy Such a magnet for my said purpose. 

Varying the shape of the emerging electron 
beam in more than One dimension-By utilizing 
two sets of alternating magnet coils mutually at 
right aingles 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 rec 
tangle, or other geometric figure. The principle 
involved in this technique is well illustrated by 
the operation of a cathode-ray oscilloscope. Figs. 
16 and 17 Show Schematically the effects of add 
ing these improvements. 

in Fig. 16 the electron beam axis is indicated 
at 58 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 60, 
6 and 62, S3. 

In Fig. 17 the electron beam axis is indicated 
at 64 and the spread thereof at 65. The two sets 
of parallel plates 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 electromagnetic system. 
Such a combined system is represented in Fig. 
18, wherein. I have represented a pair of parallel 
conducting plates , , and a pair of magnet 
coils Or inagnets 2, S. The axis of the electron 
beam is indicated at 74, the electric field axis 
at 75, the magnetic field deflection force at 76, 
and the resulting pattern locus at the electron 
beam axis at . 

It is clearly 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 
Connerce 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 material itself 
be sterile in addition to the produce which is 
contained theirein. 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 articles. 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. 

It 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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10. 
The purpose of this invention is to distribute 

the intensity of a high energy electron beam, SO 
as thereby to obtain a more efficient utilization of 
the total energy of such an electron bean. 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 central region of relatively high intensity 
which attenuates gradually as the distance in 
Crea.SeS 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 bean of high energy 
electrons, or, in other words, of increasing 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 bean. 

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

5 matter of Said Robinson Patent 2,602751, neither 
does that patent present a disclosure of the sub 
ject matter of this application. 

Having thus described several methods and 
Several types of apparatus for practicing the 
Sane, it is to be understood that 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 a 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 
defecting 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 being 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, inpinging on said 
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surface, per unit length of the path described by 
the intersection of said beam and Said Surface. 

2. A method in accordance with claim i, where 
in the electron-deflecting field is a 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 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 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 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 Sui)Stances to be 
irradiated by said high-energy electrons; means 
for creating an electron-deflecting field in the 
path of said bean; 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 
election current, inpinging 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 coin bination: 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 
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irradiated by said high-energy electrons; means 
for creating an electron-deflecting field in the 
path of said beam; neans for causing the in 
tensity of said field to oscillate, whereby the 
path of the intersection of said beam and the 
incident Surface of the substance being irradiated 
repeatedly describes a substantially rectilinear 
pattern, the amplitude of said OScillation being 
Sufficient So that the length of said substantially 
rectilinear pattern is large relative to the width 
thereof, and leans for controlling the rate at 
which the intensity of said field varies during 
Said OSciliatical Sc that the velocity with which 
Said beam moves along Said pattern from one 
extrenity thereof to the opposite extremity 
thereof is substantially constant. 

6. Apparatus for delivering the ionizing energy 
of a beam of high-energy electrons to substances 
to be irradiated, with maximum energy eficiency 
and ninitialra Side effects due to excess dosage, 
Comprising in combination: an evacuated accel 
eration tube for creating a beann of high-energy 
electrons, Said evacuated acceleration tube hav 
ing an electron permeable window to prevent 
in pairment of the necessary vacuum in said accel 
eration tube while permitting said beam to issue 
therefron; means for directing said beam out 
of Said acceleration tube through said electron 
perineable window and onto 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 
Section of Said bean 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 unifornia over said linear pattern 
the electron current, impinging on said surface, 
per unit length of the path described by the inter 
Section of Said bean and said Surface. 
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