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This invention relates to g device for the pro-
duction of slow neutrons.

For the purpose of investigating substances of
any kind including living hodies it has already
been suggested to depict the objects to be in-
vestigated with the aid of slow neutrons in a
similar manner as hag already been done by
means of X-rays. Such representations by means
of neutrons are obtained by directing a beam of
neutrons through the respective object or body
and by causing the neutrons emerging from it to
encounter a fluorescent or g photographic sys-
tem made sensitive to neutrons. As the absorp-
tion relations for slow neutrons differ widely from
those of X-rays, a representation obtained by
neutrons and a representation made with X-rays
from one and the same object are fundamentally
different from one another. Obtaining represen-
tations of both kinds is, therefore, particularly
important as regards the investigation of ma-
terials for medical purposes.

The neutrons required for these burposes are
obtained in known manner by nuclei reactions.
Thus, for instance, considerable amounts of neu-
trons are obtained by bombarding beryllium with
z-particles of radium. But the production of
neutrons with the aid of naturally existing radio-
active substances is not suited for technical pur-
boses, as, owing to the great rarity and costliness
of radio-active substances, the slow neutrons
cannot be produced with the desired intensity.
By far larger amounts of neutrons can be pro-
duced if ions, breferably the ions of heavy hy-
drogen, are accelerated in a discharge tube and
then made to impinge upon g suitable substance.
If such an ion-current of 10--6 amperes acceler-
ated to 105 volts impinges upon a Be-target, an
amount of neutrons equal to that obtained from
about 7 grams of radium closely mixed up with
Be will be obtained. As it ig today not difficult
to produce currents of ions of 10-6 amperes and
even much more and to accelerate them to 3 high
potential, it is in this way possible to provide
sources of mneutrons having g thousand-fold
stronger intensity than those sources which can
be provided with g strongly radio-active sample.
The yield of such artificial sources of neutrons
increases with the speed of the bombarding par-
ticles, and one endeavors, therefore to accelerate
the neutron-producing ions as much as possible.

As with these sources of neutrons the accel-
eration of ions to 106 volts is nhecessary, the prob-
lem to be solved in the provision of strong sources
of neutrons is to perform an easily manageable
discharge tube to which the above mentioned
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high voltages can be applied. Usually an ar-
rangement is chosen in which the source of ions
which constitutes by itself a voluminous device is
connected to the high positive botential and the
ions proceeding from that source are accelerated
between the high potential and the earth. With
an arrangement of this type the ions impinge
with the desired energy upon the earthed parts
of the apparatus and broduce there the neutrons
in a suitable reaction layer. This source of neu-
trons is connected to the earth. This is particu-
larly important in working with sources of neu-
trons because the objects to be irradiated can
in the simplest manner be brought into the im-
mediate proximity of the source of the neutrons
without requiring any special protection against
flashing-over of the high potential. This is par-
ticularly important in case exposures of living
bodies are to be made.

But the abovementioned arrangement suffers
from the drawback that, owing to the high po-
tential employed, all distances from the walls
must be rather large. Besides, the composition
of the source of ions with the appertaining ar-
rangement involves considerable difficulties in
the case of a high potential. Finally, also, the
centering of the beam of ions is considerably dif-
ficult because of the length of the discharge tube
in which the ions are accelerated. As this tube,
for instance in the case of an acceleration po-
tential of 108 volt, has a length of from 2 to 3
meters, the beam of ions must be centered and
held together along that length. If it would
broaden anywhere this would involve a consid-
erable loss of intensity.

As, thus, with such g high-potential tube with
the source of neutrons connected to the earth,
the high insulation and the centering of the
beam of ions is troublesome, another arrange-
ment has been designed in which not the entire
acceleration voltage is placed between the source
of ions and the earth, but the middle of the
acceleration voltage is connected to the earth.
In this case the source of ions is placed upon
a positive potential corresponding to only one
half of the entire acceleration potential, and the
source of neutrons is placed upon a negative po-
tential relative to the earth which likewise cor-
responds to one half of the entire acceleration
potential. Thus, if the entire = acceleration
amounts to 600 kv, the source of ions would lie
on a + potential of 300 kv. and the source of
neutrons would lie on a potential of 300 kv. rela-
tive to earth. With such an arrangement the
botentials to be generated and insulated against
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earth amount only to half the potential relative
to earth needed in the case in which the entire
acceleration voltage is placed between the source
of ions and the earth. Thus consumption of
space and the costs for the requisite high-peten-
tial plant are ccnsiderably lower and also the
centering and the adjustment of the beam ions
can be carried out in a by far simpler manner,
as the adjustment of the beam of ions need be
effected only between the earth and the source
of ions. If the beam of ions has once been cen-
tered and adjusted with cne half of the poten-
tial, the subsequent further acceleration changes
the adjustment only a little.

But now the arrangement suffers from the
disadvantage that also the source of neutrons
lies on a high potential and is, therefore, accessi-
ble only with difficulty in the case of making
exposures with the peutrons. The simpiest way
to obviate this difficulty would be to place the
objects to be irradiated so far remote from the
source of neutrons that no flashing-over or
sparkling takes place. But this cannoct actually
be accomplished in a simple manner, since the
distances requisite to obviate flagshing over and
sparkling are so large that if they were to be
maintained a very great loss of intensity would
result, whereby the time of exposure would be
extraordinarily prolonged. If a source of neu-
trons lying on a high potential relative to earth
shall be used for the purpose of depicting obkjects,
provisions must be made for rendering it possible
to place the respective objects, etc., sufficiently
near to the source of neutrons, in spite of its
high potential, without running any risk of being
damaged by flashing-over of the high potential
or by sparkling thereof.

It may be further considered in this connec-
tion that in general quick neutrons themselves as
they are emitted by the source of neutrons are
not used, but that, on the contrary, it is fre-
quently necessary to reduce’ the speed of the
neutrons before using them. This slowing down
is effected, as is well known, by causing the quick
neutrons to pass through substances containing
hydrogen. Owing to the collisions of the quick
neutrons with the hydrogen nuclei the neutrons
lose a considerable amount of energy. For in-
stance, with the aid of a layer having a thick-
ness of from 10 to 20 cm. and consisting of
paraffin or water large amounts of slow neutrons
are obtained. Thus, in order to obtain slow neu-
trons, the source of quick neutrons has to be
surrounded with a hydrogenaceous substance of
sufficient thickness.

It is a purpose of the present invention to
facilitate the working with a source of neutrons
lying on & high potential relative to earth. This
inventive purpose is attained by embedding the
source of quick neutrons nearly on all sides into
an insulating substance capable of slowing down
the gquick neutrons, and to surround that sub-
stance either wholly or at least partly with a
grounded conductive protection body. If the
substance reducing the speed of the quick neu-
trons consists of a liquid, it is enclosed in a re-
ceptacle connected on all sides to earth, apart
from a leading-in-insulator perhaps provided.
1t is, however, necessary to choose such a thick-
ness of the substance slowing down the quick
neutrons that on the one hand the breakdown-
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it is in many cases advantageous to embed into
the insulating substance not only the source of
neutrons, but also the insulating tube by which
that source is insulated towards the earth, as
is the case with the constructicnal form shown
in Fig. 1. Such an arrangement presents the
advantage that, on the one hand, one can step
very near to the source of neutrons without run-
ning any risk of being damaged by the high
potential, and that, on the other hand, an un-
necessary loss of the intensity of the slow neu-
trons by excessively large distances is cbviated.

The invention is illustrated diagrammatically
and by way of example in the accompanying
drawing, in which Fig. 1 is an axial section
through a device designed according to this in-
vention, and the Figs. 2, 3, 4, 5 and 6 show five
modifications of the lower portion of Fig. 1, all
as fully described hereinafter.

In Fig. 1, | denotes the source of ions which is
designed in this case as a canal-ray tube and
the upper covering disk 2 of which is connected
to a positive potential V/2, if V constitutes the
total acceleration potential. The source of ions
is separated from the earth by the insulator 3.
The beam of ions 5 leaving the ftube ! at the
place 4 is accelerated by the field existing be-
tween the source of ions and the agnnular elec-
trode 6 that is connected to the earth. The
beam of ions traverses therefore the annular
electrode 6 with an energy corresponding to the
potential V/2. Having passed through the elec-
trode 6, the ions are then again accelerated by
V/2 between the electrode 6 and the electrode

5 1 which is likewise connected to a potential V/2.

Then they eanter into the ion collector 8 which
is designed as a hollow body, and impinge at 9
upon a reaction layer emitting neutrons when
being bombarded with these ions. The electrode
1 which is connected to a high potential, as well
as the reaction layer 9, are separated from the
earth by the insulator 18. This latter, as well
as the source of neutrons 9, are housed in a large
receptacle filled with an insulating substance 12

by which the speed of the quick neutrons is re-

duced. The wall of the receptacle f! is ground-
ed. The electrode T is supplied with the desired
high potential by a metallic conductor 13 in-
troduced by means of an insulator {4 likewise
filled Wwith an insulating substance. The high
potential is insulated against earth by the in-
sulator 14 and the insulator 18 which is com-
pletely embedded in oil and can therefore be
relatively small. The cooling of the reaction layer
9 which is heated by the ion bombardment can
be effected by the insulating and speed-reducing
substances itself in that a circulation is brought
about in it, but it may be cooled in any other
suitable manner. Evacuating the entire dis-
charge tube is effected through the earthed mid-
dle part 15, to the branch (6 of which the vac-
yum pump (not shown). is joined.

It is known that hydrogen-containing sub-
stances not only reduce the speed of the quick
neutrons, but also absorb the slow neutrons. If it
is, therefore, intended to obtain a possibly intense
radiation of slow neutrons, the speed-reducing
insulating substance should not be too thick, in
that in such a cage oo few slow neutrons would
pass to the exterior. There is for every speed-
reducing substance an optimum as regards its
thickness which permits as many slow neutrons as.
possible to pass to the exterior if the source. of
neutrons is surrounded nearly on all sides. with
the speed-reducing substance. The optimum of
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the thickness lies, for instance, as regards paraffin
oil, at about 12 em. If the thickness is there-
below, the intensity of the neutrons will not be
sufficiently reduced. If, however, the thickness is
materially greater, the number of the slow neu-
trons will again be reduced, as then the absorp-
tion of the slow neutrons by the hydrogen be-
comes perceptible. This point of view must be
pald attention to when electing the speed-reduc-
ing and insulating substance and devising its
receptacle. If, for instance, an intensity of slow
neutrons as high as possible is intended to be
obtained at a certain definite place, the speed-
reducing and insulating substance should be ex-~
tended as much as possible to all sides, and only in
that direction in which the slow neutrons are to
pass to the exterior should the speed-reducing
and insulating substance only be made only so
thick as is just sufficient to insulate the source of
heutrons with respect to the earth. If a small
beam of electrons is desired, the earthed shell of
the speed-reducing and insulating substance is
covered with another substance 11, for instance
boron, which absorbs the slow neutrons, and only
at that place where the slow neutrons preferably
escape the layer of boron is interrupted by an
aperture for the passage of the neutrons,

Such an arrangement presents the advantage
that it delivers an intense radiation of slow neu-
trons and that the objects to be investigated can
be placed directly in the neighborhood of the
source of the neutrons without any risk of being
exposed to a flashing-over of the high potential.
If the potential of the source of neutrons is very
high, the minimum thickness of the speed-reduc-
ing and insulating substance between the exit
point of the slow neutrons and the inner hollow
space in which the quick neutrong are formed is
often rather considerable. As the concentration
of the slow netitrons is greatest in the hollow space
within the substance 2, the intensity of the
neutrons passing the exterior is still considerably
weakened by the substance lying between said
hollow space and the exit place for the neutrons,
the weakening being due to absorption, as well ag
to scattering. If it is not Dossible to reduce the
thickness of the layer sufficiently, it is neverthe-
less possible to increase the number of the slow
neutrons passing to the exterior, in the following
manner:

For this purpose the speed-reducing and in-
sulating substance surrounding the source of
neutrons may be not uniformly arranged, but an
insulating body may be inserted within said sub-
stance hetween the hollow space and the exit
point for the slow neutrons. Said inserted body
under circumstances, likewise filled with a liquid
brevents fiashing over from the source of neu-
trons to the outer wall, but has the property of
absorbing and scattering the slow neutrons less
than the surrounding speed-reducing substance
itself. Such a body inserted into the speed-
reducing substance acts, by reason of its slight
absorption and scattering, like a channel for slow
neutrons and lets them pass from the interior (the
place of largest concentration) to the exterior
practically unimpededly.

The said body is inserted into the speed-reduc-
ing and insulating substance in order to increase
the number of slow neutrons passing to the exte-
rior. There may be used, for instance, a porce-
lain body, as porcelain absorbs and scatters slow
neutrons by far less than a hydrogenaceous sub-
stance having the same volume. That body can
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walled insulating body filled with an insulating
substance containing as little hydrogen as pos-
sible. Paraffin, in which the lisht hydrogen is
replaced by heavy hydrogen, is, for instance, such
a substance.

If the inserted body has not sufficient electric
strength, or if discharges arise, on its surface, it is
in such cases suitable to employ an insulating
material for the construction of the exit place of
the slow neutrons and the surroundings thereof
and to cover only this material with the earthed
layer. With such an arrangement the insulating
material, for instance, porcelain, may, in general,
be so thin that passage of the slow neutrons’
therethrough is practically not impeded in g, per-
ceptible degree.

With the inserting of an
the speed-reducing and insulating substance,
there is always attended a certain danger that
an electrical breakdown takes place along the
surface of the inserted body. To avoid this, the
surface should not be smooth but should be pro-
vided in a suitable manner with numerous ribs
{8, as shown in Fig. 2. In the same manner the
insulating material covering the receptacle at
the exit place of the slow neutrons and the sur-
roundings thereof should at its inner surface,
adjacent to the speed-reducing and insulating
substance, not be smooth but provided with ribs,
as shown in Fig, 3.

In this modification (Fig. 3) in which the re-
ceptacle is closed by an insulating material 19
in the proximity of the exit place of the slow
neutrons a body absorbing the neutrons only a
little can be inserted which is hollow and which
may be either filled with a gas or evacuated.
This embodiment is illustrated in Fig. 6, in
which the generally conically shaped hollow body
22 is arranged in container 1 relatively to the
neutron source 9 in the same manner as is body
I8 in the arrangement shown in Fig. 2. The
chamber 23 of hollow body 22 is either evacuated
or else filled with a gas which absorbs slow neu-
trons only very slightly. Preferably, the walls of
hollow body 22 are formed from g solid substance
which has a minimum absorptivity toward slow
neutrons. It is further recommended that said
walls be built as thin as possible.

In the constructional form lustrated in Fig. 2
the body inserted into the speed-reducing and
insulating substance which absorbs and scatters
the neutrons only a little has the shape of a
truncated cone 8. To give said body this shape
is important if the slow neutrons shall be emit-
ted only through s relatively small aperture.,

Finally, it is for certain researches important
to be able to protect oneself from the quick neu-
trons emitted by the source of neutrons., At those
places where the insulating and speed-reducing
substance is particularly thick, said protection
is afforded already by the great thickness of
sald substance, as this substance reduces the
speed of the quick neutrong and prevents there-
by these neutrons from passing to the outside
and exerting g damaging effect. But at the
places where slow neutrons escape by breference,
also quick neutrons are emitted by preference,
the reason being that on the one hand the speed-
reducing substance has there the slightest thick-
hess (as at 20 in Fig. 4) and that on the other
hand, at these places bodies are inserted which
absorb and scatter the slow neutrons only lit-
tle. These substances have, however, also the
property of reducing the speed of the quick neu-
trons only very little. In those cases in which

insulating body into
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the quick neutrons emitted in the direction of the
slow ones are troublesome the emission of quick
neutrons can be reduced by arranging the body
absorbing and scattering the slow neutrons only
a little relative to the source of the quick neu-
trons in such a manner that the direction in
which the slow neutrons pass to the exterior by
preference does not correspond to a direction in
which the gquick neutrons are emitted by the
source.

This can be attained in the simple manner dis-
closed in Fig. 5 in which the inner surface of the
inserted body 21 is not directed strictly towards
the source of the quick neutrons, but is arranged
somewhat above this source. As the inner hol-
low space, especially if it extends sufficiently far
into the speed-reducing substance, is nearly uni-
formly filled with the slow neutrons such an ar-
rangement reduces the number of the neutrons
passing to the exterior only imperceptibly. In
spite thereof the observation place is now
. sereened against the quick neutrons by a consid-
erable thickness of. the insulating and speed-re-
ducing substance.

We claim:

1. A device for generating slow neutrons, com-
prising a body of insulating material which is ca-
pable of slowing down quick neutrons; a grounded
conductive casing surrounding the body of in-
sulating material; an artificial source of guick
neutrons within and substantially surrounded by
the body of insulating material; means for main-~
taining the source of quick neutrons at a high
potential with respect to ground; means for ex-
citing the source of quick neutrons; and a rigid
insulator within the conductive casing and.in-
terposed ketween the latter and the source of
quick neutrons, said rigid insulator being sur-
rounded by the body of insulating material.

2. A device for generating slow neutrons, coln-
prising ‘a body of insulating material which is
capable of slowing down quick neutrons; a
grounded conductive casing surrounding the body
of insulating material; an artificial source of
quick neutrons within and substantially sur-
rounded by the body of insulating material;
means for maintaining the source of quick neu-
trons at a high potential with respect to ground;
means for exciting the source of quick neutrons;
and a rigid insulator within the conductive cas-
ing and interposed between the latter and the
source of quick neusrons, said rigid insulator be-
ing surrounded by the body of insulating mate~
rial, said device including means for reducing
the effective thickness of the body of insulating
material in a localized path extending outwardly
from said artificial source of quick neutrons.

3. A device for generating slow neutrons as
defined by claim 2, in which said casing is pro-
vided with 'a recess the innermost portion of
whicn is materially closer to said source than is
the casing as a whole.

4. A device for generating slow neutrons,
comprising a body of insulating material which
is capable of slowing down quick neutrons; a
grounded conductive casing surrounding the body
of insulating material, an artificial source of
quick neutrons within and substantially sur-~
rounded by the body of insulating material; a
body which absorbs and scatters slow neutrons
much less than does said insulating material in
contact with said body of insulating material
and between said source and said casing; means
for maintaining the source of quick neutrons at
a high potential with respect to ground; means
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for exciting the source of quick neutrons; and a
rigid insulator within the conductive casing and
interposed between the latter and the source of
guick neutrons, said rigid insulator being sur-
rounded by the body of insulating material.

5. A device for generating slow neutrons, com-
prising a body of insulating material which is
capable of slowing down quick neutrons; a
grounded conductive casing surrounding the body
of insulating material; an artificial source of
guick neutrons within and substantially sur-
rounded by the body of insulating material; a
body which absorbs and scatters slow neutrons
much less than does said insulating material in
contact with said body of insulating material
and between said source and said casing, said
body being hollow and evacuated; means for
maintaining the source of quick neutrons at a
high potential with respect to ground; means for
exciting the source of quick neutrons; and a rigid
insulator within the conductive casing and inter-
posed between the latter and the source of quick
neutrons, said rigid insulator being surrounded
by the body of insulating material.

6. A device for generating slow neutrons, com~
prising a body of insulating material which is
capable of slowing down quick neutrons; a
grounded conductive casing surrounding. the
body of insulating material; an artificial source
of quick neutrons within and substantially sur-
rounded by the body of insulating material; a
kody which absorbs and scatters slow neutrons
much less than does said insulating material in
contact with said body of insulating material and
petween said source and said casing, said body
being hollow and filled with a gas; means for
maintaining the source of quick neutrons at a
high potential with respect to ground; means for
exciting the source of quick neutrons; and a rigid
insulator within the conductive casing and inter-
posed between the latter and the source of quick
neutrons, said rigid insulator being surrounded
by the body of insulating material.

7. A device for generating slow neutrons, com-

. prising a body of insulating material which is

capable of slowing down quick neutrons; a
grounded conductive casing surrounding the
bedy of insulating material; an artificial source
of quick neutrons within and substantially sur-
rounded by the body of insulating material; a
body which absorbs and scatiers slow neutrons
much less than does said insulating material in
contact with said body of insulating material and
between said source and said casing, said body
being conical in form with its base substantially
normal to a direct ray path from said source;
means for maintaining the source of quick neu-
trons at a high potential with respect to ground;
means for exciting the source of quick neutrons;
and a rigid insulator within the conductive cas-
ing and interposed between the latter and the
source of quick neutrons, said rigid insulator
being surrounded by the body of insulating ma-
terial.

8. A device for generating slow neutrons, com-
prising a body of insulating material which is
capable of slowing down quick neutrons; a
grounded conductive casing surrounding the
body of insulating material; an artificial source
of quick neutrons within and substantially sur-
rounded by the body of insulating material; a
pbody which absorbs and scatters slow neutrons
much. less than does said insulating material in
contact with said body of insulating material and
between said source and said casing, said body
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being generally conical in form with its base sub-
stantially normal to a direct ray path from said
source and having its conical surface ribbed;
means for maintaining the source of quick neu-
trons at a high potential with respect to ground;
means for exeiting the source of quick neutrons;
and a rigid insulator within the conductive cas-
ing and interposed between the latter and the
source of quick neutrons, said rigid insulator be-
ing surrounded by the body of insulating ma-
terial.

9. A device for generating slow neutrons, as
defined by claim 4, in which the body which ab-
sorbs and scatters slow neutrons much less than
does the body of insulating material consists
essentially of a substance deficient in light hy-
drogen.

10. A device for generating slow neutrons, as
defined by claim 4, in which the body which
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absorbs and scatters slow neutrons much less

- than does the body of insulating material con-
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sists essentially of an hydrogenaceous substance
in which light hydrogen has been replaced by
heavy hydrogen.

11. A device for generating slow neutrons, as
defined by claim 4, in which the body which
absorbs and scatters slow neutrons much less
than does the body of insulating material is so
positioned as to provide a localized path for slow
neutrons which localized path does not corre-
spond to a direction in which quick neutrons
directly escape from said source.

12. A device for generating slow neutrons, as
defined by claim 1, in which an apertured layer
of substance absorptive of slow neutrons covers
said casing.

HARTMUT ISRAEL KALLMANN,
ERNST KUHN.



