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It has been proposed to depict objects by means
of neutrons in a similar manner as it 1s known
from X-rays. 'The difficulty consists, however,
that the sources of neutrors which are at dis-
posal possess enly a slight Intensity in proportion
to the possibllity to blacken a photographic layer
by means of neutrons, s6 that evets with the best
neutron-photographing systems known at the
time, 4 Is niécessary to expose for a comparatively
long tlme. Increasing of “~he intenslty of the
source of neuirons, which would be possible In
prinelple, is connected with a very considerable
technlcal expense and requires besldes very much
space. It has Purther been proposed, te use for
the production of photographic pletures of ob-
jects by means-of neutrons a neutron-image-con-
verter, in which in a neutron-reactive layer by
the neutrons depleting the oblects charged par-
tieles or gamma rays are released, which produce
secondary eleetrony directly or indirectly through
the intermediary of a luminescent mass, sald sec-
ondary electrons belng accélerated and collected
with the aid of sultable electron-optical means
upon a photographic layer where they produce an
image of the depicted oblect. It has also been
proposed, to collect, for Increasing the sensltive-
ness of this image-conyerter, these electrons not
directly upon a photographlc layer but upon a
lumineseent screen, the radiation of sald sereen
emitted under the influence of the impinging
electrons acting upon the photographlc layer.
However, even if these special auxillary means
are employed, a comparatively intensive source
of neutrons is still required 1f the picture has to
be produced within a few minutes with sufficlent
sharpness.

It is an object of the present Invention to over-
come this drawback. This and other inventive
purposes are attained thereby that in the neu-
tron-image-converter the released secondary
electrons, preferably after their acceleration, are
collected by electron-optical means fc¢ form an
image of the object to be depleted reduced in
size on an lminescent sereen and/or on a pho-
tographic layer and that this image reduced In
size 1s enlarged to a real er virtual image under
clrcumstances after the latent photographic
image has been developed. It is then advisable
to adjust the image-converter, so that the orig-
inally slow secondary electrons are preferably
employed for the copylng. At the electron-opti-
cal reducing neither a loss in intensity nor a loss
in sharpness of the picture occurs. At this re-
ducing practically all secondary electrons are em-
ployed which are emitted to one side. In oppo-
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sition here to at a light-optical reduction only
that portion of the light radiatlon 45 utillzed,
which enters into the lens aperture. At the
electron-optical reduction the brightness per unit
area {s therefore practically inversely proportion-
al to the size of the image. The strongly reduced
image produced In this manner is preferably
light-optically enlarged. If a latent photographic
image reduced in size has been produced with
the image-converter, the enlargement will be
carrled out after the derelopment of the latent
photographic image, for instance to the size of
the latent image originally produced by the neu-
trons. The enlarged Image possesses the same
sharpness as the Image which hag been produced
on an luminescent screen and/or on a photo-
graphic layer according to the methods formerly
proposed. The exposing tlme necessary in the
method according to the Invention for the pro-
duction of a photographle inage 1s, however, for
Instance with a Hnear reduetion in the propor-
tlon 1:10, hundred times shorter than in the
formerly proposed methods. When reteining the
time of expoaing, it s therefore possible o use
in the applcation of the method according to
the invention a source of neutrons the intensity
of which ameunts to only ¥ of the intenslty of
the source of neutrons necessary in the former
methods.

This advantage of the method according to
the invention & due amongst other reasons to
that the reduced photographic image Is subse-
quently enlarged by an additional source of en-
ergy, such as for instance the source of the light-
optical enlarging arrangement which 1s absolute-
ly independent on the source of neutrons. If the
sharpness of the original image produced by the
neutrons has to be preserved, the measure of the
reduction and therewith the galn in infensity is
practically limlted by the dissolving power and
the structure of the photographic system.

This method may also be employed for improv-
ing the visual ohservation of a luminescent screen
image produced by means of the neutron-image-
converter. The latent image primarily produced
by the neutrons on the neutron-reactive layer is
reduced and copled in the neutron-image-con-
verter on & luminescent screen, and thls reduced
luminescent screen image is viewed through a
magnifying glass. By viewing the lumirnescent
screen image through a magnifying glass much
more light will get into the eye from the locked
on portion nf the luminescent screen image than
without magnifying glass, owlng to the enlarge-
ment of the opening angle. For the reason that



2 401,030

by the image converter the whole image can he
reduced to the size of the fleld of vision of the
magnifylng glass, a larger portion of the light
emitted by the luminescent screen gets into the
eye, without decrease of the sharpness of the vir-
tual picture.

Owing to the above mentloned reasons, the
method described 1s very important for the de-
picting of objects by means of neutrons, Under
certaln eircumstances it may, however, be em-
ployed also with advantage at the deplcting of ob-
jects with the ald of X-rays can be produced now-
adays up to very great efficiencles, but on the other
hand the requirements as regards thickness of
the objects to be depicted are also Increased more
and more, so that the exposing times are unde-
sirably long even when the strongest transport-
able plants are used which are at disposal. In
such <onditions an X-ray-image-converter Is
used in which secondary electrons are released by
the X-rays themselves, sald secondary electrons
belng collected to form a luminescent screen-
or latent photographic-image of the oblect to be
depicted reduced in size, which reduced Image s
enlarged just as described in the case of the de-
pleting by means of neuirons,

Two embodiments of the inventlon are dia-
grammatically shown by way of exampie in the
accompanying drawing,

As shown in Fig, 1, the object 2 dlagrammati-
cally represented by an arrow Is latently depicted
on the neutron-reactive layer 3 by a source | of
neutrons. The latent Image 4 is, as regards size,
as a rule not conslderably differeat from the ob-
Ject 2. Tt is, however, also possible, with the ar-
rangement shown, to produce on the reaction
layer eniarged images of the object 2 when the
distances between the source of radiation the ob-
ject and. the reactlon layer are correspondingly
selected, Charged particles or gamma rays ate
produced by the deplcting radiation in the re-
action layer 3, sald particles or gamma rays re-
leasing directly or indirectly secondary electrons
in this reaction layer 3 or in anh adlacent layer §.
These secondary electrons released from this
layer b or from the layer 3 are accelerated by the
electric fleld between the layer and the electrode
6 and electron-optically collected In known man-
ner on the electronsensitive screen T to produce
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an image of the object 2. ‘This screen T may con-
sist of & luminescent screen on which the im-
pinging electrons produce a luminous image of
the object. B¥ corresponding selection of the
electron optlcal system, for instance of the mag-
netic lens 8, care is taken according to the in-
vention that the image 8 of the oblect produced
on the screen sensltive against electrons Is much
smaller than the latent image 4, which Is pro-
duced in the reactlon layer and as regards size
corresponds substantially to the object to be de-
picted.

Through the wall 19 of the tube transparent at
least behind the screen T and consisting for in-
stance, of glass, a strongly enlarged virtual im-
age 12 1s produced with the ald of the magnify-
ing lens i4, this image being viewed by means of
the eye 13 which 13 dlagrammatically shown,

Instead of the sereen T Just described and sen-
sitive agalnst electrons, which consisted of a
luminescent screen, a photographic system may
also be employed, on which in a similar manner
a reduced latent photographic image 8 of the
obJect 2 i1s produced. 'This image can be looked
at-only after the developing. With this oblect in
view elther a magnifying lens may be employed
with the ald of which, as shown in Fig, 1, a vir-
tual image is produced, or an enlarging arrange-
ment may be used, which ls diagrammatically
llustrated in Flg. £ By a source of energy Id,
preferably independent on the source for the pro-
duction of the deplcting radiation, the developed
reduced image 16 15 exposed, If desired by inter-
posltion of & lens 15, and from this reduced Image
an enlarged real or virtual photograph 18 is pro-
duced by means of the enlarging llght-optical
system IT.

The production of the latent photographic
image 9 by the secondary electrons released from
the layers 3 or § may 2lso be obtalned by the
circuttous way of a luminescent screen adlacent to
a photographlic layer. In this instance the elec-
tron-sensitive screen 7T Is composed, as shown In
Fig. 3, of two layers, 1, €. a luminescent screen
19 on which the electrons act and a photographle
layer 20.
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