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57 ABSTRACT 

A lens of the magnetic field type for high speed elec 
tron beams such as those which emerge from an elec 
tron accelerator comprises a multi-turn toroidal coil 
having a trapezoidal configuration, which is energized 
by pulse currents. The coil is wound from ribbon-form 
conductor material, such as aluminum and the con 
ductor parts on the conical surface zones of the coil 
which are traversed by the electron rays have a 
smaller thickness than the conductor parts at the inner 
and outer peripheral surface portions of the coil. 
Cooling means in the form of fins in contact with a 
fluid coolant can be provided in heat transfer relation 
with those conductor parts of the coil which are not 
traversed by the electron rays. 

12 Claims, 5 Drawing Figures 
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ELECTROMAGNETICLENS FOR HEGHSPEED 
ELECTRON BEAMS 

The traversed invention relates to a magnetic lens for 
high speed electron beams in which an axially symmet 
rical and azimuthally orientated magnetic field is 
produced in a toroidal chamber, disposed coaxially 
relative to the lens axis and being transversed by part of 
the rays of the pencil of electron rays. 
A magnetic lens of the kind heretofore described is 

disclosed in the Swiss Patent Specification 351,037. It 
is used in a preferred embodiment for increasing the 
depth dose when irradiating the human body by means 
of high speed electrons. To this end, and in order to 
maintain the greatest possible ratio of depth dose to 
surface dose, said lens is disposed directly on the sur 
face of the body to be irradiated. 
The known magnetic lens comprises a hollow to 

roidal metallic member within which is disposed a to 
roidal iron core provided with a magnet winding. By 
feeding said winding with current pulses a current is in 
duced in the wall of the hollow member to generate 
therewithin an axially symmetrical, azimuthally orien 
tated magnetic field. Parts of the wall of said hollow 
member, constructed from relatively thin aluminum 
plate, serve as windows for the passage of part of the 
rays of the pencil of electron rays, said part being 
focusingly deflected by the magnetic field which is 
established in the toroidal chamber. 
The known magnetic lens, however, has certain dis 

advantages. Firstly, the effective inductance of the 
magnet coil is relatively high so that short excitation 
current pulses with a duration of, for example 100 p. 
sec can be produced only with a relatively substantial 
effort. Furthermore, the losses in the known magnetic 
lens due to remagnetization of the iron core are rela 
tively high. 
The object of the invention is to provide a magnetic 

lens, which does not have the aforementioned disad 
vantages, which permits better focusing of the electron 
rays and which moreover has a lower weight or is less 
expensive to produce than the known magnetic lens. 
The magnetic lens according to the invention is 

characterized in that the toroidal chamber is sur 
rounded by a toroidal coil with a plurality of turns, 
serving as excitation winding for the azimuthally orien 
tated magnetic field. The invention will be explained 
hereinbelow by reference to the accompanying 
drawings in which a preferred embodiment is illus 
trated. 

In these drawings, FIG. 1 is a view of the improved 
magnetic lens in longitudinal section; 

FIG. 2 is a fragmentary view showing a sector of a to 
roidal coil shown in FIG. ; 

FIG. 3 is a circuit diagram illustrating one suitable 
circuit for supplying the toroidal coil in FIG. 1 with 
pulsed excitation current; 

FIG. 4 illustrates a modified construction wherein 
cooling means are provided for the coil producing the 
magnetic field; and 
FIG.S illustrates a modified construction wherein a 

pair of magnetic lenses are located along the axis of the 
beam to effect first a divergence of the beam and then a 
convergence. 
With reference now to the drawings, FIG. 1 shows a 

section of the magnetic lens. It comprises a toroidal coil 
1 of aluminum and being of approximately trapezoidal 
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2 
cross-section, mounted in electrically insulated manner 
in a housing 2. The toroidal coil 1 itself comprises a rib 
bon form conductor of aluminum. The conductor parts 
3 on the conical surface zones of the toroidal coil 1 are 
of smaller thickness (for example 1 mm) than the 
remaining conductor parts 4,5. FIG. 2, which illustrates 
a sector of the toroidal coil 1 in plan view, parallel to 
the coil axis, discloses the individual turns of the coil 
which are disposed adjacently and are closely spaced. 
The joints 6 between two adjacent coil turns are filled 
with insulating compound. The coil is fed via a cable 
which is connected to the ends 7 of the toroid coil 1. 
An interchangeable, non-conductive irradiation tube 8 
is mounted on the ray exit side of the magnetic lens. 

Since most accelerators such as linear accelerators, 
betatrons, microtrons and the like suitable for co 
operation with such a magnetic lens for producing a 
pencil of electron beams operate by the impulse 
method, the magnetic lens is accordingly ad 
vantageously excited by pulse currents which are 
synchronized with the electron ray pulses delivered by 
the accelerator. 
The aforementioned pulsed excitation currents are 

produced by a supply apparatus whose circuit diagram 
is illustrated in FIG. 3. The toroid coil 1 is connected 
via a low-induction cable 9 and a controllable 
discharge rectifier 10 to a low-inductance capacitor 11. 
A serial connection, comprising an inductance 12 and a 
controllable charging rectifier 13, also the output of an 
adjustable rectifier stage 14, whose input is supplied 
from the A.C. mains, is connected in parallel to the 
aforementioned capacitor 11. The adjustable voltage 
output characteristic of the rectifier is indicated sche 
matically by the arrow 14'. 
The method of operation of the apparatus described 

hereinabove is as follows: after switching on the supply 
unit the capacitor 11 is charged by the variable rectifier 
stage 14 to a specified and pre-determined D.C. poten 
tial. Simultaneously with the control pulse which in 
itiates the delivery of a pencil of electron rays from the 
accelerator, the discharge rectifier 10 is supplied via its 
control input 5 with an opening or gating pulse thus 
causing the capacitor 11 to be connected via the cable 
9 to the toroid coil 1 and for said capacitor to discharge 
via the aforementioned coil. Owing to the effect of in 
ductance which tends to maintain the coil current, the 
charge polarity of the capacitor 11 is reversed. During 
said reversal, a pulsed excitation current willflow in the 
toroid coil 1. After polarity reversal has taken place, 
the charging rectifier 3 is supplied via its control input 
16 with an opening orgating pulse so that the capacitor 
11 is re-charged to its original polarity via the charging 
inductance 12. The reduction of capacitor voltage due 
to circuit losses is compensated by additional charging 
from the rectifier stage 14. 
By appropriate dimensioning of the charging in 

ductance it is possible for the period of the second 
charge reversal to be extended so that it is completed 
immediately prior to the initiation of the next excita 
tion current pulse. In this way, the maximum power 
drawn from the mains is minimized. 
The control pulses which serve to control the 

discharge rectifier are timed relative to associated con 
trol pulses which cause the pulse delivery of electrons 
from the accelerator so that the pencils of highly mag 
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netic electrons traverse the magnetic lens only if at 
least approximately the maximum excitation current 
flows in the toroid coil 1. The central rays 17 (FIG. ) 
of the pencil of electron rays traverse the central open 
ing of the magnetic lens in substantially un-changed 
form. A part 18 of the rays of the pencil of rays how 
ever traverse the cavity surrounded by the toroid coil 1 
in which cavity there exists an axially symmetrical, 
azimuthally orientated magnetic field whose field 
strength is proportional to the excitation current. The 
thin-walled conductor parts 3 of the toroid coil 1 are 
traversed by high-energy electrons which are substan 
tially un-attenuated. 
Owing to the presence of the magnetic field in the 

aforementioned cavity, the electrons are deflected pro 
portionally to the magnetic field strength and propor 
tionally to the length of path traversed by them within 
said cavity. To obtain precise focusing, it would be 
necessary for the angle of deflection to be approxi 
mately proportional to the distance of the electron 
beam to be deflected from the lens axis. Since, how 
ever, the magnetic field strength in the cavity is inverse 
ly proportional to the distance from the lens axis, the 
distances traversed by the electrons in the cavity would 
have to diminish approximately in accordance with a 
square law with a decreasing distance from the lens 
axis. The square law relationship is approximated in the 
magnetic lens by the conical construction of the flanks 
of the toroid coil 1. The focal length of the magnetic 
lens can be varied within relatively wide limits by alter 
ing the maximum excitation current, that is to say by 
varying the output voltage of the rectifier 14. 
The excitation current required for higher electron 

energies and accordingly the losses in the toroid coil 
become so large that it is not possible to dispense with 
separate cooling means. In an advantageous embodi 
ment of the lens with cooling means the toroid coil 
may, for example, as illustrated in FIG. 4 be provided at 
its cylindrical circumference with cooling fins 19 which 
extend into an annular cooling duct 20 between the to 
roid coil 1 and the housing wall 21 through which cool 
ing air is blown by means of a suitable blower, not illus 
trated 
According to a further embodiment of the lens, the 

remaining parts of the conductor of the toroid coil are 
additionally supplied with blown cooling air. 

In a lens of the kind heretofore described, for exam 
ple, having a toroid coil of 16 cm diameter and a max 
imum thickness of 12 cm and comprising 30 turns, a 
focal length of 30 cm is obtained for electrons having 
an energy of 35 MeV and a divergence angle of 3.82, 
for example, with a coil current of 4,300 Amperes. 
With an excitation current pulse duration of 100 usec 
and a frequency of 50 pulses/s, the 1 mm thick conduc 
tor parts of the coil will have a mean power loss of 410 
watts which can be easily dissipated by the air cooling 
system. 

In the dimensioned example described hereinabove 
the inductance of the toroid coil amounts to approxi 
mately 8.5 - 10 henries. A capacitor having a 
capacitance of 119 pi farad is required to produce ex 
citation current pulses of 100 pu, sec duration. The max 
imum capacitor voltage amounts to approximately 
1,200 V. A charging inductance 12 of 0.237 henries 
provides a charging half wave whose duration cor 
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4. 
responds to a frequency of 30 cycles and a charging 
current having a maximum peak value of 27 amperes. 
When using such magnetic lenses in conjunction with 

linear accelerators which deliver electron ray pencils 
with very small divergence angles, two serially disposed 
lenses are required for producing a pencil of suffi 
ciently large diameter, the first of said lenses being 
disposed as dispersion lens at the output of the ac 
celerator to increase the divergence of the emergent 
pencil of rays, while the second lens, disposed on the 
object to be irradiated, focuses said pencil of rays. The 
two lenses are advantageously operated from the same 
supply unit. To this end, the excitation current pulses 
supplied to the lenses and therefore the focal length 
thereof must be individually adjustable but must be 
proportional relative to each other. 

FIG. 5 illustrates an arrangement of two magnetic 
lenses as described above, in conjunction with a linear 
accelerator 21 which delivers an electron ray pencil 
having a very small divergence angle. For producing a 
pencil of sufficiently large diameter, lenses 22, 23 are 
serially disposed in spaced relation along the axis of the 
pencil or beam, the lens 22 being disposed, as a disper 
sion lens, at the output of the accelerator 21 to increase 
the divergence of the emergent pencil of rays, while 
lens 23 disposed at the object 24 to be irradiated, 
focuses the pencil of rays. The two lenses 22, 23 are ad 
vantageously connected to the same electrical supply 
source 25, the excitation current pulses of which are in 
dividually adjustable but proportional relative to each 
other and the coil currents being in opposite directions. 

I claim: 
1. In a magnetic lens structure for producing an axi 

ally symmetrical, azimuthally oriented magnetic field 
serving to control a beam of high energy electrons, and 
wherein said lens structure includes a toroidal space 
disposed co-axially with the lens axis and through 
which space the outer rays of the electron beam are 
passed, the improvement wherein said magnetic field is 
produced within said toroidal space by a coil having a 
plurality of turns surrounding said space, said coil hav 
ing a trapezoidal cross-sectional configuration and in 
which the minimum dimension thereof in the axial 
direction faces towards said lens axis. 

2. A magnetic lens as defined in claim 1 wherein said 
trapezoidially coil is wound from ribbon-form conduc 
tor material and wherein those conductor parts which 
are traversed by the electron rays have a smaller 
thickness than the remaining conductor parts of said 
coil. 

3. A magnetic lens as defined in claim 1 wherein said 
trapezoidally coil is wound from ribbon-form conduc 
tor material, the conductor parts on the conical surface 
zones of the coil traversed by the electron rays having a 
smaller thickness than the remaining conductor parts at 
the inner and outer peripheral surface portions of the 
coil. 

4. A magnetic lens as defined in claim 1 and wherein 
further includes cooling means in heat transfer relation 
with those conductor parts of the coil which are not 
traversed by the electron rays. 

5. A magnetic lens as defined in claim 4 wherein said 
cooling means are constituted by fins provided on the 
outer circumference of said coil and located in an an 
nular cooling duct between said coil and the internal 
wall surface of the housing in which said coil is located. 
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6. A magnetic lens arranged as defined in claim 1 and 
which further includes an excitation circuit for said 
trapezoidally coil, said excitation circuit delivering ad 
justable pulse currents and which are produced by the 
charge reversal of at least one capacitor. 

7. A magnetic lens arrangement as defined in claim 6 
wherein said excitation circuit includes at least one 
controllable discharge rectifier for effecting the charge 
reversal of said capacitor. 

8. A magnetic lens arranged as defined in claim 7 
wherein said excitation circuit includes a charging in 
ductance and controllable charging rectifier for effect 
ing reverse charge reversal of said capacitor after 
charge reversal. 

9. A magnetic arrangement as defined in claim 8 
wherein an electron accelerator is utilized for produc 
ing the electron beam, and wherein the control pulses 
which serve to control the rectifiers for discharging and 
recharging said capacitor have a predetermined time 
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6 
relationship to associated control pulses which cause 
the discharge of electrons from said accelerator. 

10. A magnetic lens arrangement wherein an elec 
tron accelerator is utilized for producing the electron 
beam which passes through first and second magnetic 
lenses each as defined in claim 1 and arranged in series, 
said first lens serving to increase the divergence of the 
electron beam emerging from the accelerator and said 
second lens serving to focus the divergent beam. 

11. A magnetic lens arrangement as defined in claim 
10 wherein the excitation current pulses for said first 
and second lenses and hence the focal lengths thereof 
are individually adjustable and are proportional rela 
tive to each other. 

12. A magnetic lens arrangement as defined in claim 
10 wherein the excitation currents for the coils of said 
first and second lenses are produced from the same 
current supply circuit. 
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