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The present invention relates to improvements
in methods of, and means for, investigating ob-
jects or substances with the aid of neutrons.

It has already been suggested to investigate
substances by -depicting them with the aid of
neutrons. This investigation may be carried out
by directing a beam of neutrons through the
body or substance under investigation and caus-
ing the neutrons that emerge from it fo en-
counter s layer in which heavy charged particles
or electrons (4 and —) or gamma rays are pro-
duced under the action of the impinging neu-
trons upon an eléement, contained in said layer,
which is reactive toward neutrons. These par-
ticles are in turn caused to act upon a layer of
fiuorescent material, or an adjacent photographic
layer or a combination thereof, thus depicting
the investigated body or substance visibly or
photographically, Neutron reactive layers par-
ticularly suited for this purpose are, for instance,
such containing lithium or boron. In these two
substances the following reactions take place un-
der the influence of the impinging neutrons:

1. n}+Lif=Hei+H:
2, n}+Ble=Lil+He}

In the lithium ér lithium compounds existing
in nature the contents of the effective Lis6
amounts only ‘to about 10%, and in the boron
and boron compounds existing in nature the con-
tents of the effective Bs0 amounts only to about
209%. The main mass of these elements con-
sists of Lis", or Bs!i, respectively.

It is an object of the present invention to in-
crease the sensitiveness of the above-mentioned
method of depicting objects by means of neu-
trons. Another object of the invention is to pro-
vide improved means for depicting objects by
means of neutrons. o

This inventive object is attained by using as
neutron reactive layer containing an element
in which the neutron reactive sort of isotopes is
enriched beyond the proportion corresponding to
the natural distribution of this isotope in the
respective element, Using the above mentioned
special reactions the neutron reactive sorts of
isotopes being artificially enriched are Lis6 or Bs10,
The enrichment may be accomplished by any of
the known methods for separating or concen-
trating isotopes, 1. e.- diffusion, mass spectro-
graph, electrolysis and chemical processes.

With a given intensity of the neutron radia-
tion the number of the emitted heavy particles
and therewith the blackening of the photo--
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graphic plate, or the excitation of the fluorescent 68

screen respectively, is, determined not by the
thickness of the intermediate layer, but by the
range of the heavy particles liberated from said
layer if the thickness of said intermediate layer
is larger than said range. The number of the
heavy particles emitted per neutron is the great-
est if within a layer adjacent to the surface
the thickness of which corresponds to the range
as many neutrons as possible cause the emis-
sion of heavy particles by collision with neutron
reactive atomic nuclei. As in general within a
layer the thickness of which being equal to the
range of said particles only a small fraction of
the neutrons passing through liberate heavy
particles, it is extremely important, as regards
the output, to provide in said layer as many
neutron reactive atomic nuclei as possible. An
increase of the number of the neutron reactive
atomic nuclei is obtained, by artificially enrich-
ing the intermediate elemeni with Lis® or Bsif,
respectively, beyond the proportion of its nat-
ural distribution in the respective element.

This method can advantageously be used also
in connection with intermediate layers which do
not emit heavy particles, but which emit elec-
trons or gamma rays under the action of im-
pinging neutrons, if the mixture of jsotopes of
the respective element, as existing in. nature, is
not the most favorable one for one of said neutron
reactions. 'Therefore, the present improved
method is not restricted to boron and lithium,
but it will prove advantageous with every other
neutron reactive element if only a fraction of all
neutrons passing through the neutron-reactive
layer is being absorbed in it, or if very thin
neutron-reactive layers are used, or if the neu-
trons in the neutron-reactive layer are also ab-
sorbed by atomic nuclei which only contribute
very little to the blackening of the photographic
layer, or to the éxcitation of -the fluorescent
screen respectively by the emission of particles
or gamma rays. The present improved method
becomes particularly important if the neutron
reactive element is applied as an emulsion upon
the photographic layer or upon the fluorescent
screen. Such emulsions are able to contain a
small concentration of the neutron reactive ele-
ment only. If, therefore the element contained
in the emulsion is artificially enriched with the
effective sort of isotopes beyond the proportion
of its nature distribution in the respective ele-
ment, an exiraordinarily great increase of the
sensitiveness can be attained.

Also neutron reactive layers containing cad-
mium may be used in which the cadmium is ar-
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tificially ennched with its active isotope beyond .

the proportion corresponding to its natural dis-
.tribution in cadmium. The isotope of cadmium
“to be used in each instance depends upon the
neutron energy employed. The choice is made
by observing which gives. the greatest effect.

The accompanying drawing is a diagrammaitic
representation of an embodiment of the inven-
tion. The neutron beam 2 emitted by the neu-
tron source ! passes through the investigated
substance or body 8. The emerging neutrons 4
impinge upon the-neutron reactive layer 5 which
is. enriched with the effective sort of isotopes be-
yond the proportion corresponding to its natural
distribution in the respective elements. In this
layer 5 the neutrons liberate charged particles
or gamma rays which energize the adjacent layer
6 which consists of fluorescent or photo-sensi-
tive material thus producing a visible or photo-
graphic image of the investigated substance or
body 3.

We claim:
1. In a method of obtammg an image of an
object by directing a beam of neutrons upon the
object, causing the emergent beam of neutrons
to impinge upon a layer comprising an element
which reacts with neutrons to produce radiation,
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and forming a visible image of said object by .

means of the resulting radiation, the improve-
ment which consists in using a neutron-reactive
layer in which the neutron-reactive element
thereof has been enriched with a neutron-reac-

tive isotope of said element in an amount great- -

er than the proportion of 1ts natural distribu-
tion in said element.

2. In a method of obtaining an image of an ob-
ject by directing a beam of neutrons upon the
object, causing the emergent beam of neutrons
to impinge upon a layer comprising an element
- which reacts with neutrons to produce radiation,
and forming a visible image of said object by
means of the resulting radiation, the improve-
.ment which consists in using a neutron-reactive
layer in which the neutron-reactive element
thereof has been enriched with a neutron-reactive

isotope of said element in an amount greater

than the proportion of its natural distribution
in said element and in which the neufron-reac-
tive isotope-enriched element is contained in said
layer in the form of an emulsion.

3. In a method of obtaining an image of an-

object Ly directing a beam of neutrons upon the
object, causing the emergent beam of neutrons

to impinge upon a layer comprising an elément "

which reacts with neutrons to produce radiation

of charged particles, and forming a visible image’

of said object by means of the resulting radia-
tion, the improvement which consists in using a
neutron-reactive layer in which the neutron-re-
active element thereof has been enriched with
a neutron-reactive isotope of said element in an
amount greater than the proportion of its natu-
. ral distribution in said element.

4. The invention defined in claim 3, in whlch
lithium which has been enriched with Lis® be-
yond the proportion of its natural distribution
in lithium constitutes the neutron-reactive ele-

ment employed.

8. The invention. defined in claim 3, in which
boron which has been enriched with Bs!? beyond
‘the proportion of its natural distribution in boron
constitutes the neutron-reactive element em-
ployed. . ' .
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6. A device for forming an image of the di
tribution of the intensity of a beam of neutron
which comprises a layer containing an elemer
which reacts with neutrons to produce radiatio:
said element having been enriched with a neu
tron-reactive isotope of said element in a
amount greater than the proportion of its natt
ral distribution in said element, and a substanc
sensitive to emitted radiation.

1. A device for forming an image of the dis
tribution of the intensity of a beam of neutron
which comprises a layer containing an elemer
which reacts with. neutrons to produce radiatiol
said element having been enriched with a neu
tron-reactive isotope of said element in a
amount greater than the proportion of its natu
ral distribution in said element, and a layer con
taining a substance sensitive to emitted radiatior

8. A device for forming an image of the dis
tribution of the intensity of a beam of neutron:
which comprises a layer containing an elemer
which reacts with neutrons to produce radiatior
said element having been enriched with a neu
tron-reactive isotope of said element in a
amount greater than the proportion of its natu
ral distribution in said element, and a layer com
prising fluorescent material sensitive to emitte
radiation.

9. A device for forming an image of the dis
tribution of the intensity of a beam of neutron:
which comprises a layer containing an elemen
which reacts with neutrons to produce radiatior
said element having been enriched with a neu
tron-reactive isotope of said element in a;
amount greater than the proportion of its.nat
ural distribution in said element, and a laye
comprising photosensitive matenal sensitive ¢
emitted radiation.

10. A device for forming an image of the dis
tribution of the intensity of a beam of neutrons
which comprises a layer containing an elemen
which reacts with neutrons to produce radiatiol
of charged particles, said element having beet
enriched with a neutron-reactive isotope of sai
element in an amount greater than the propor
tion of its natural distribution in said element
and a substance sensitive to emitted radiation.

11. The device defined in claim 10, in whicl
the neutron-reactivé element is lithium whicl
has been enriched with 1is® beyond the propor-
tion of its natural distribution in lithium.

12.- The device defined in claim 10, in whicl
the neutrori-reactive element is boron which ha:
been enriched with Bs1® beyond the proportior
of its natural distribution in boron.

13. The device defined in claim 6, in which the
neutron-reactive isotope-enriched element is con.
tained in said neutron-reactive layer in the forn
of an emulsion. :

14. A method of obtaining an image as de
fined in claim 1 in which the radiation is gamms
radiation.

15. A method as defined in claim 1 in whict
the element is cadmium.

16. A device as defined in claim 6 in which the
radiation is gamma radiation. -

17. A device as defined in claim 6 in which the
element is cadmium.
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