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This invention relates to a device for irradiat 
ing objects with neutrons, especially for depict 
ing then by means of neutron-radiation. 
The construction of a source of neutrons with 

strong intensity is associated with difficulties, in 
that the acceleration of the preferably employed 
heavy hydrogen ions requires very high voltages, 
e.g., of the order of 1 million volts or more. A 
discharge tube suitable for the purpose in view 
consists of a source of ions, and accelerating tube 
having one or several accelerating stages, and 
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of an ion-collector upon which the ions impinge 
and where they produce neutrons. For employ 
ing the source of neutrons it should be most con 
venient to connect said collector to ground, if 
possible. With such an arrangement all other 
parts of the tube would be on a very high po 
tential relative to earth; especially the source 
of ions would show the full acceleration poten 
tial relative to the earth. In order to reduce 
the potentials occurring relative to earth it has 
already been Suggested to ground the electrode 
having the middle potential and lying between 
those two electrodes that possess the full poten 
tial difference between each other. With this 
known arrangement the source of ions, as well as 
the Source of neutrons, each has relative to earth, 
only one half of the whole accelerating potential. 
If this potential is very high, for instance mil 
lion volts or even more, it is with such an ar 
rangement necessary to choose a very large dis 
tance between the source of neutrons and the 
objects to be irradiated, whereby the radiation 
intensity actually applied to the objects will be 
Strongly reduced. 

It is an object of the present invention to pro 
Wide a neutron-irradiating device which is free 
from this drawback. This and other inventive 
objects are attained by arranging the source of 
neutrons, which source has a high potential rela 
tive to earth, inside the protection space of a 
discharge shield, and by housing the objects to 
be irradiated also inside the protection space of 
another discharge shield located opposite the 
firstmentioned one and being preferably ground 
ed. By the expression "discharge shield' is here 
meant a conductive casing of the greatest pos 
sible radius of curvature and free from edges or 
projections which would facilitate discharge. 
While with the usual arrangement, if a potential 
of, say, 800,000 volts is employed a distance of 
nearly 3 meters is necessary to obviate fashing 
Over, the new arrangement of this invention re 
quires under the same conditions as regards po 
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tential and earth a distance of only 40 centi- 55 

meters. Furthermore, owing to the circum 
stance that the objects to be irradiated are like 
Wise enclosed in the protection space of a dis 
charge shield, there is no danger whatever for 
the attendants and no risk of the objects being 
damaged even if fashing-over should occur. 
The means for slowing down the quick neu 

trons being preferably housed inside the dis 
charge shield containing the source of quick neu 
trons are thus also protected from any damage 
by flashing over. Therefore the distance between 
the two discharge shields can be made so small 
that in general no flashing over occurs. It is by 
no means necessary to choose this distance con 
siderably larger for reasons of safety. In general 
it is likewise suitable to provide the means for 
obtaining a narrower beam of neutrons also in 
side the discharge shield containing the source 
of neutrons. 

It is frequently desirable to protect the objects 
to be irradiated from the action of X-rays which 
arise unavoidably if neutrons are produced. It 
is therefore recommended to provide one or both 
of the two discharge shields especially on their 
Outer Surface, with layers of substances capable 
of absorbing C-rays. If the objects are to be 
irradiated With slow neutrons or are to be de 
picted by means of slow neutrons, it is advan 
tageous also to arrange the means for slowing 
down the Speed of the quick neutrons also inside 
the protection space of the discharge shield con 
taining the source of the quick neutrons. In 
order to produce a sharply limited beam of slow 
neutrons it is in general suitable to arrange these 
means in Such a manner that the slow neutrons 
leave the discharge shield by preference from a 
narrowly restricted range thereof, and it is, fur 
ther, more advantageous to provide additional 
means for absorbing the slow neutrons in the 
protection space, in the wall thereof, or/and upon 
its outer surfaces. In order to obviate a loss 
of intensity the thickness and the material of the 
Wall of the discharge shield within the range 
where the neutrons leave said body may be so 
chosen that the intensity of the neutrons is as 
little as possible. 
Furthermore, in order to make the distance 

between the source of neutrons and the objects 
to be irradiated as short as possible, it is in gen 
eral suitable to place the source not in the middle 
tof the discharge shield which is rather large in 
the case of the potential being high, but as near 
as possible to that part of the wall of the dis 
charge shield where the neutrons leave this body. 
The invention is illustrated diagrammatically 
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and by way of example in the accompanying 
drawing in which is shown a longitudinal Sec 
tion through a device according to this invention. 
The discharge tube consists of three parts. 

denotes the source of ions. The positive ions 
leave the part at the end 2 and are accelerated 
by the field existing between this end and the 
oppositely located end 3. Then the ions paSS 
through the second part, leave it at 4 and are 
again accelerated by the field existing between 
the ends 4 and 5. The ions leave the third part 
with a very high speed at 6, are again accelerated 
by the field existing between 6 and 7 and impinge 
now upon the intercepting member 8. This lat 
ter member is arranged within the discharge 
shield 9 near the part where the neutrons 0 
tend to leave this body. In order to slow down 
the speed of the neutrons a substance , for ex 
ample water, surrounds the intercepting mem 
ber. Through a channel 2 free from the Sub 
stance if the slow neutrons pass to the exterior 
of the device. They penetrate the wall of the Op 
positely located shielding electrode 3 and partly 
also the object 4 arranged behind. Said shield 
ing electrode. 
the object produce upon the plate 5 which is 
sensitive to neutrons, or upon a Suitable fluores 
cent screen, an image of the respective object. 
The escaping neutrons to can also be used Solely , 
for irradiating the object, in which case the neu 
tron-sensitive device 5 may be removed. The 
neutron-sensitive system may be formed for in 
stance by a lithium foil covered with a fluores 
cent substance, or by lithium mixed with such a 
substance. The neutrons react with the lithium 
nuclei liberating heavy charged particle, which 
excite the fluorescent substance. Or a lithium foil 
is arranged in the proximity of a photographic 
plate, in which case the emitted charged particles 
blacken said plate. 
In order to obviate the emission of X-rays 

there is provided in the device illustrated by the 
drawing a layer 6 capable of absorbing X-rays, 
on the outside of the discharge shield 9. This 
body contains, furthermore, a lining 7 capable 
of absorbing the slow neutrons and consisting, 
for instance, of boron. . The thickness of this 
layer is preferably very slight in the proximity of 
the part where the neutrons leave the body 9, or 
there is even provided a hole in said lining adja 
cent the zone of emission. If the layer absorbing 
X-rays allows the neutrons to pass in a satisfy 
ing degree, it is not necessary to provide also this 
layer with a separate aperture at the exit place, 
The distance between this-place and the electrode 
3 amounts to about 40 cm. at a potential of 

800,000 volts if the electrode surface is care 
fully smoothed. 
When designing the Source of neutrons as 

suggested according to this inveniton it is not. 
necessary to ground the device in the middle of 
potential difference, as is done with the known 
devices. 

The neutrons having traversed 
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shown three in the example, lhave higher poten 
tial towards the earth in this arrangement than 
if they were grounded in the middle of the po 
tential difference, but this is not attended with 
any difficulties whatever, as the acceleration 
stages require only such sources of potential 
which can be insulated in a comparatively simple 
manner. Thus, with a total difference of po 
tential of for instance 1.2 million volts, the po 
tential differences W1, W2 and W3 will be chosen 
equal to 400,000 volts. If the total potential dif 
ference should amount to 2 million volts, it would 
be Suitable to choose also equal to 400,000 volts 
and to overcome the remaining potential differ 
ence of 1.6 million with a corresponding number 
of stages, for instance 4. This arrangement pre 
Sents, also, the further advantage that there ex 
ists near the end of the ion-producing tube the 
possibility of examining the centering of the beam 
of ions relatively to the entrance aperture of the 
electrode 3 and to the exit aperture 2 through 
the window 8 shown diagrammatically in the 
drawing, and of improving the centering if nec 
essary, by shifting the electrodes with respect to 
One another. It may be Suitable to join the high 
vacuum pump (not shown) to the apparatus at 
the place 9, as shown in the drawing. 
We claim: 
1. A device for irradiating an object with neu 

...trons, comprising a source of neutrons, means 
for exciting the neutron Source, means for main 
taining the neutron source at a high potential 
relative to earth, a discharge shield Substantially 
enclosing the neutron Source, and a second dis 
charge shield adapted to house an object to be 
irradiated, said second discharge shield being 

40 

arranged opposite to the first named discharge 
shield. s 

2. A device for irradiating an object with 
neutrons, Comprising a Source of neutrons, means 
for exciting the neutron Source, means for main 
taining the neutron source at a high potential 
relative to earth, a discharge shield substantially 
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On the contrary, it is particularly suit 
able to the purpose in view to effect the subdi 
vision in such a manner that the positive elec 
trode 3 of the appertaining accelerating stage is 
grounded. The device for the production of 
positive ions than shows only a comparatively 
low potential with respect to earth. This poten 
tial will never be higher than 400,000 volts rela 
tive to the earth. With such a low potential 
there exist no particular difficulties in insulating 
the auxiliary source of potential necessary for 
the ion-source towards the earth. 
The accelereating stages, of which there are 
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enclosing the neutron source, means within said 
discharge shield and adjacent said neutron 
Source for forming a Sharply limited emergent 
beam of neutrons, and a second discharge shield 
adapted to house an object to be irradiated, 
said Second discharge shield being arranged op 
posite' to the first named discharge shield and 
in the path of such sharply limited emergent 
beam of neutrons. 

3. A device as defined in claim 1, wherein at 
least one of the discharge shields is provided at 
least partially with a layer of X-rays-absorbing 
substance. 

4. A device for irradiating an object with 
neutrons, comprising a source of quick neutrons, 
means for exciting the neutron source, means 
for maintaining the neutron source at a high 
potential relative to earth, a discharge shield 
Substantially enclosing the neutron source, 
means within said discharge shield for slowing 
down quick neutrons, said means including a 
body of material capable of slowing down quick 
neutrons at least partially surrounding said neu 
tron source, and a second discharge shield adapt 
ed to house an object to be irradiated, said sec 
ond discharge shield being arranged opposite 
to the first named discharge shield. . . . 

5. A device as defined in claim 4 in which the 
means for slowing down quick neutrons is ar 
ranged in Such a manner that neutrons pass to 
the exterior only through a limited area of the 
Surface of the first named discharge shield, 
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6. A device as defined in claim 4 in which the 

discharge shield containing the means for slow 
ing down the quick neutrons is provided with 
Substances adapted to absorb slow neutrons. 

7. A device as defined in claim 2, wherein said 
beam-forming means comprises a layer of slow 
neutron-absorbing material provided on the first 
named discharge shield and formed to define a 
neutron passageway leading from Said neutron 
Source to a Zone of emergence of said discharge 
shield, said neutron Source being disposed in 
proximity to said Zone of emergence. 
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8. A device as defined in claim 2, wherein that 

portion of the first named discharge shield which 
is within the range of Said beam of neutrons 
is composed of Such material and has Such thick 
neSS as to effect only a minimum of reduction 
in the intensity of the neutrons emergent there 
through. 
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