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This invenic relates to improvements iri 
zletha)ds of 32nd devices for depicting the intens 
ity distribution in a bean of siow neutrons, and 
is particulary concerned with effecting separa 
ior of quick neutrons from slow neutrons and 
Aaking use only of the slow neutrons ior the epiction. 

Iš has been proposed to use an intermediate 
eaction for the depicting of the intensity dis 
ribition in a beam of slow neutrons in which, 
Ladier the influence of the slow neutrons, charged 
}articies or gamma rays are produced which ex 
ite a filiorescent screen or directly or indirectly 
lacken a photographic layer. It has further 
teen proposed to use these neutron reactions in 
neutron image converter for the production of 

Uorescent Screen images or photographic im 
geS. It is very difficult to produce a beam con 
aining only slow neutrons. i?ostly quick aneu 
frons occur at the same time With the 
low neutrons even with the best screening. 
fostly, also, a ganna radiation occurs at the 
ame time which also excites the fluorescent. 
creen and directly or indirectly blackens the 
hotographic plate. When the opening for the 
Ikit of thesiow neutrons amounts to only a very 
nail fraction of the total surface of the source 
f neutrons, the quick neutrons which had not 
een absorbed become disturbingly perceivable 
wing to the many times greater surface of the 
Durce of quick neutrons. It is therefore neces 
ary to count with the fact that a beam of slow 
eutrons also contains the undesired quick neu 
'ons which act, although if only in a less strong 
egree, upon the means for depicting the slow 
el trons. 
in the device according to the invention a sep 
*ation of the slow neutrons from the quick neu 
OraS involves the interrittent production of the 
sutrons, the intervals of neutron production bea 
g comparatively brief. At a greater distance 
om the Source of neutrons, a spatial separation 
the quick neutrons from the desired slow neu 
ons then takes place. According to the inven 
on the depicting is carried out at such a place 45 
bt by means of a device the operation of which 
nnot be timely influenced, but rather by means 
a neutron image converter according to the 

ck that the source of neutrons works only dur 
short intervals of time. The quick neutrons 50 
page first and then the slow neutrons upon 

action ayer of this image converter, in 
ca layer the impinging neutrons produce 

arged particles or gamma rays, which are used 
geety or the production of the fluorescent 55 
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low a certain speed to come into effect. 

screen image or for the backening of the pho 
tographic plate. According to the invention care 
is taken by corresponding controlling of the volt 
ages of the neutror image com Werter, that this 
converter operates only if no quick neutrons pass 
through it. ‘The neutron image converter is ac 
&ually put into operation Oniy when slow neu 
Erons pass through it. As the quick neutrons, 
as already explained, owing to their greater 
speed, pass sooner through the neutron inage 
converter than the slow neutrons, only the slow 
neutrons come into effect in the image converter according to this Gethod. 
The quick neutrons and the gamma rays act, 

however, if only in a very slight measure, also 
directly upon the fluorescent screen or upon the 
photographic plate. Às during the time When 
these quick neutrons and gamma rays pass 
through the image converter this converter is 
inoperatite to accelerate electrons, its intensify 
ing effect is suppressed for these quick neutrons 
and gamma rays, so that the remaining direct 
effect of the quick neutrons and gamma rays up 
on the fluorescent screen or upon the pho 
tographic layer does not become disturbingly 
perceivable. 

If the duration of the production of neutrons 
is short enough, and if the distance between the 
image converter and the source of neutrons is 
great enough, the neutrons of different speed 
pass successively through the converter. In this 
device it is therefore possible by adjusting the 
time difference between the end of the produc 
tion of the neutrons and the starting of the neu 
tron image converter to allow only neutrons be 

The up 
per limit of the speed of the neutrons at a cer 
tain adjusting of the phase shifting between the 
end of the production of neutrons and the start 
ing of the neutron image converter is given by 
the distance of the image converter from the 
source of neutrons. The greater the distance 
of the neutron image "converter from the source 
of neutrons is, the lower is at given phase shift 
ing the upper limit of the speed of the neutrons 
coming into effect. 
In general it is not of advantage to extend 

longer the production of neutrons than up to the 
moment at which the first desired slow neutrons 
of maximum speed jus impinge on to the neu 
tron image converter. 
The invention will now be described in greater 

detail, with reference to the accompanying draw 
ings, in which: 

Fig. 1 is a schematic sectional view, taken 



2 
through the axes of the functional parts of an 
apparatus in acCOrdance with the present inven 
tion for depicting the intensity distribution in 
a beam of slow neutrons; 

Fig. 2 is an enlarged perspective view of a 
modified impulse timing mechanism for use in 
a modification of the apparatus according to 
Flg. 1: 

Flg. 3 is an enlarged Schematic sectional view 
of an optical system constituting a modification 
of the apparatus of Fig. 1; and 

Figs, 4 and 5 are enlarged schematic sectional 
views illustrating two further modifications of 
the apparatus of Fig. i. 
According to Fig. 1, the ion beam produced 

in the discharge tube impinges on a substance 
2, for instance lithium, in which quick neutrons 
are produced, which are slowed down by the sur 
rounding mediurn 3, such as water. The slow 
neutrons pass through the water-free aperture 
at 6. Quicker neutrons pass, but with less in 
tensity, through the same aperture. For ob 
taining a suitably narrow beam of slow neutrons 
two diaphragms 5 and 6 are provided, of which 
the One, for instance, serves for the absorption 
of slow neutrons, whereas the other diaphragm 
6 absorbs the X-ray radiation. The beam con 
tains slow and quick neutrons which, in the dia 
grammatic illustration, are designated by 8 and 
f. These neutrons traverse partly the body 9 
to be examined, so that behind this body the 
distribution of intensity in the beam is different 
from that in front of the body. Fluorescent 
screen images or photographic images are pro 
duced by the neutron image converter 6 as long 
as it is in operation and when the neutrons in 
pinge on the Same. 

In the layer 20, which consists, for instance, 
of lithium, heavy charged particles are released 
by the impinging slow neutrons of ray bundle, 
and these charged particles for instance release 
slow electrons from the adjacent layer 2. These 
electrons are depicted on a fluorescent screen 
9, that is coated on its surface, suitably, with a 
conducting layer 23, the depicting being accorn 
plished in the first place with the aid of an elec 
tric field that can be produced by means of the 
cylinder 22, and then by means of an electron 
optical depicting system, for i instance, a mag 
netic lens 24. This fluorescent screen image is 
observed through the wall of the neutron image 
converter from the Outside or reproduced photo 
graphically. The depicting of the slow electrons 
emitted from the layer 2 is accomplished with 
this arrangement only as long as there is an 
electric field between the parts 2 and 22 that 
accelerates the electrons. 
The controlling of the operating voltages of 

the neutron image converter and of the Source 
of neutrons takes place in such a rhythm, that 
the undesired quicker neutrons have already 
left the image converter when the latter is put 
into operation. This is attained, in the construc 
tional example shown in Fig. 1, in that the neu 
tron image converter i 0 is set into operation only 
a certain time after the cessation of production 
of neutron rays. The two switches 7, 25 that 
are connected together by a Common actuating 
device 8 are used for this purpose. The switch 
ing in and out of the source of ions with the aid 
of Switch f is accomplished as follows: 
The ions formed in the space between the 

anode 2 and the cathode 3 are collected into 
a beam by the shape of the anode 2, this beam 
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and being accelerated by the potential Wa main 
tained between this electrode and electrode 5. 
They enter into the tube of electrode 5 in the 
direction of arrow with great speed and im 
pinge at its lower end on a substance 2-for in 
stance, lithium-in which quick neutrons are 
produced by the impinging ions. The electrodes 
2, 3 and 5 are separated from each other by 
the insulators 4, 6. 

ons are º produced with this arrangement as 
long as there is maintained the voltage W be 
tween the electrodes 2 and 3. This compara 
tively small voltage of 20,000 volts for instance 
is controlled by the switch shown by a symbol. 
This arrangement gives the advantage that 
Switching of the very high accelerating voltage 
Ws about 1000 kW., is avoided. By connecting 
switches and 25 together, in the described 
way, the voltage Wa is laid on the accelerating 
electrode of the neutron image converter only 
after the switch is open. In this way the neutron 
image converter becomes operative only a cer 
tain time after the production of neutrons has 
ceased. The adjustment of the period of the 
production of neutrons and the time difference 
between the switching out the neutron ray pro 
duction and the starting of the neutron image , 
Converter is accomplished in a simple way by 
shifting the contacts of the switches , 25 and 
regulating the speed of the coupling device f 8. 
The duration of the neutron ray production to 
be adjusted and the time differential between the 
switching-Out of the neutron ray production and 
the starting of the neutron image converter is 
obtained in a simple manner from the times 
which are required by the desired slow neutrons 
to pass through the distance A, and which the 
slowest of the undesired quicker neutrons require 
for passing along the distance B. 
As the gamma rays have a still greater speed 

than the quickest neutrons, the effect of the 
gamina, rays is not intensified according to this 
method by the neutron image converter. In a 
similar manner as the neutrons of undesired 
speed belonging to the beam are prevented from 
acting on the image converter the undesired 
quick neutrons proceeding from the remaining 
portion of the device are separated out. 

the Source of neutrons can be switched in 
again as SOOn as the last of the desired slow neu 
trons hrve acted in the image converter. As the 
quick neutrons and the gamma rays have an ex 
traordinarily high Speed, so that they pass along 
the distance A in a very short time, the image 
converter must be cut out before the production 
of the neutrons begins again, in order that it is 
in Operative when the first gamma rays of the 
succeeding series reach it. 
The controlling of the source of neutrons and 

of the image converter is preferably carried out 
periodically, in order to obtain a summation of 
the effects. The coupling of the engaging and 
disengaging means of the source of neutrons is 
preferably carried out electrically or mechani 
cally in a manner known per se. A periodical 
voltage of similar frequency can, for instance, 
be fed to the Source of neutrons and to the neu 
tron image converter. The service voltage of 
the inage converter must lag behind the service 
voltage of the source of neutrons. 
The periodic control of the source of neutrons 

and of the image converter can be accomplished 
by the coupling device 8 Figure 1 or for in 
stance by the arrangement shown in Fig. 2. 

passing through the opening of the electrode 3 75 In the arrangement according to Fig. 2 two pairs 



of contacts, for instance slip-brushes 25, 28 are 
corrected together periodically by segments of 
cond Acting material 2, 29 that are embedded in 
disks 35, 3 of insulating raterial while the disks 
are tuted by a connor shaft 32. The length 
of the conducting segments 2 and 29 and the 
relative position of these segments in relation to 
each other and the spacing of the contacts of 
the two pairs 26, 28 from each other and their 
relative position can be adjusted easily So that 
the desired switching sequence can be adhered 
to. 

If the distance of the image transformer from 
the source of neutrons is about 2 to 3 metres, 
and if the object is merely to separate out the 
quick neutrons from the slow neutrons and from 
those of median speed, it is advisable to put into 
service the source of neutrons every time for 
about 1000 second. 
this time to pass through the distance A of 2 to 
3 metres. Directly after the cutting out of the 
source of neutrons the neutron image converter 
is put into operation, so that the neutrons of de 
sired speed cone into action. Successively. As 
soon as the last of the slow neutrons have entered 
into action in the image converter, this converter 
is put out of operation and the source of neutrons 
is put into operation again. In this example all 
slow neutrons must have passed through the 
distance A before the source of neutrons is 
switched in again. The Service frequency of 
the source of neutrons and of the image con 
verter arounts therefore to about 500 oscil 
lations per secondi, i.e., 500 Hertz. 

It may, under certain conditions be advisable 
to limit the observation of the fuorescent Screen 
image, for instance by Knechanicali means, to the 
time in which the fuorescent screen is energized 
by the desired slow neutrons by means of the 
radiation proceeding from the intermediate re 
action layer. With this object in view a line 
chanically actuated diaphragm liberating the 
observation path with the frequency of the image 
converter can be provided, for instance in the 
ray path of an optical system producing a real 
or virtual image of the fluorescent Screen. For 
this purpose, for instance, as shown in Fig. 3, the 
fluorescent screen 9 can be reproduced actually 
on a screen or on a photographic plate 35 by 
means of an optical system 33, 36. In the ray : 
path of this optical System, a rotating disk 36 
for instance is provided that has one or more 
openings 37 that free the beam path periodically 
when the disk rotates on the shaft 38. When an arrangement according to Fig. 2 is employed : 
for controlling the source of neutron rays and 
the neutron image converter, it is advisable to 
couple the shafts 38 and 32 to each other di 
rectly. It is then possible in a very simple way 
to couple the periodic Sequence of the Switching 
in and out of the source of neutron rays and 
of the neutron image converter with the freeing 
of the beam path for producing the picture on 
the screen 35. The same arrangement can be 
used when, with the aid of the optical System 88, 
3. not a real but a virtual picture is produced, 
thát can be examined with the eye. A cor 
responding device may also be used in te photo 
graphic depicting of the fluorescent screen image, 
provided that the fluorescent screen is not ar- 7 
ranged in direct neighbourhood of the photo 
graphic layer. These methods possess the ad 
vantage that the unintensified effect of the quick 
neutrons and gamma rays is practically ab 
solutely excluded. Merely the extraordinarily 
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slight effect remains, which results from the re 
raining fluorescence of the fluorescent screen 
Substance. 

In controlling the Souice of neutrons it is often 
necessary to influence comparatively large effi 
ciencies if the controlling has to be carried out 
by Cutting in and cutting out of the service volt 
age. It is therefore Sometimes preferable to 
conduct the bean of ions during the pauses in 
operation of the source of neutrons so that it 
does lot impinge On a Substance emitting neu 
trons. With this object in view either the beam 
of ions may be deflected or the Substance capable 
of emitting neutrons lay be renoved from the 
path of the beam of ions. The deflection of the 
bean of ions may be effected in the usual man 
ner by electric or magnetic means or mechani 
cally. The removing of the substance capable 
of emitting neutrons is attained in the simplest 
Inanner by rotation of a body, the parts of which 
coated with a Substance capable of emitting neu 
trons are actually brought into the path of the 
beam of ions only during the times when the 
Sources of neutrons has to operate. 
Thus, for the purpose above stated, the ion 

beam , as shown in diagram in Fig. 4, is deflected 
by a nagnetic field so that temporarily it does 
not inpinge on the substance 2. For the sake 
of simplicity, only the electrode 5 of the dis 
charge tube for producing the quick neutrons is 
shown. The defection is accomplished by a 
magnet coil 39 placed preferably outside the tubs 
is, this coil being fed by the battery W5 as long 
as the contact is is closed. The contact 45 can 
be switched in and out in the manner presented 
in the explanation of Fig. 1, by a coupling de 
vice 8, the left part of which is shown in Fig. 4. 
As Soon as the current flows through the coil 
39, the ion beam is defected so that it in 
pinges on the wall at Áj and therefore cannot 
release quick neutrons from the Substance 2. 
Since in this constructional example likewise the 
production of neutrons must be interrupted dur 
ing operation of the neutron image converter, 
the contacts 30 and 25 must be closed simulta 
neously so that the magnet coil 39 is energized 
only during the time of operation of the neutron 
image converter. Instead of the magnet field, 
an electrical field could likewise be used for de 
flecting the ion beam, this being controlled in 
analogouS Rhanner. 
The periodical interruption of neutron ray 

production could likewise be accomplished by 
temporarily removing the substance capable of 
emitting neutrons from the path of the ion beam. 
Fig. 5 shows a constructional example of an ar 
rangerent of this kind. In this case ikewise 
only the electrode 5 of the discharge tube for 
producing quick neutrons is shown, and at the 
lower end of this electrode, on the rotating rod 
42, an application of the material 2 is made at 
one or more places. The rotation of the rod 
£2 on the shaft 83 can be accomplished by elec 
tric notors arranged inside the receptacle for 
the production of neutron rays or, as shown in 
Fig. 5, by magnetic action through the receptacle 
walls. In this embodiment, the rod 62 consists 
preferably of a magnetic raterial, for instance 
iroi, While the Wall of the apparatus for pro 
ducing neutrons consists of a non-magnetic na 
terial, so that the rod 32 is set into rotation 
under the influence of the magnetic field of the 
magnet rod 45 rotating outside the receptacle on 
the shaft 48. With the use of a sufficiently 
strong Sagnet rod, it is possible to keep the slip 



between the movements of the rods 42 and 45 so 
Small that an exact adjustment of the time at 
which the iom beam impinges on the layer 2 
and leaves it again is possible. The shaft 44 
can likewise be coupled to the shaft 32 or the 
coupling device 8 in the manner described in 
connection With the other constructional eK 
amples, so that the substance 2 capable of emit 
ting neutrons is brought into the path of the 
ion beam temporarily only during the desired 
times of operation of the source of neutron rays. 
A special advantage of the arrangement ac 

cording to the invention is, that the photographic 
plate or the fluorescent screen, although they are 
at rest, are not exposed to the action of neutrons 
of undesired speed. ' 
We claim: 
1. A method for depicting the intensity dis 

tribution in a beam of slow neutrons produced 
by impinging a bean of ions upon a substance 
capable of emitting neutrons which bean of 
slow neutrons contains also a radiation of larger 
speed, especially for the depicting of objects, 
which comprises producing the neutrons inter 
mittently, carrying out the depicting of the in 
tensity distribution by means of a neutron image 
converter provided at a place at which the slow 
neutrons and the radiation of larger speed OW 
ing to the intermittent operating of the source 
of neutrons are spatially separated the one from 
the other by their difference in moving-time, and 
controlling the service voltages of the neutron 
image converter so that this converter depicts 
only during the time intervals in which no radi 
ation of large speed pass through it. 

2. Method as specified in claim 1, in which the 
source of neutrons is controlled by altering the 
service voltage, especially by the switching in and 
out of the same. 

3. Method as specified in claim 1, in which the 
beam of ions serving for the production of neu 
trons is guided during the intervals of service 
so that it does not impinge on the Substance ca 
pable of emitting neutrons. 

4. Method as specified in claim 1, in which the 
substance capable of emitting neutrons is re 
moved from the beam of ions for interrupting 
the production of neutrons. 

5. A method for depicting the intensity dis 
tribution in a beam of slow neutrons produced 
by impinging a beam of ions upon a Substance 
capable of emitting neutrons which beam of 
slow neutrons contains also a radiation of larger 
speed, especially for the depicting of objects, 
which comprises producing the neutrons peri 
odically in time, and carrying out the depicting 
of the intensity distribution by means of a neu 
tron image converter provided at a place at which 
the slow neutrons and the radiation of larger 
speed owing to periodical operation of the source 
of neutrons are spatially separated the one from 
the other by their difference in moving-time, 
and controlling the service voltages of the neu 
tron images converter so that this converter de 
picts only during the time periods in which no 
radiation of large speed pass through it, so that 
a summation of the effects of the individual 
operations takes place. 

9. A method for depicting the intensity dis 
tribution in a beam of slow neutrons produced 
by impinging a beam of ions upon a substance 
capable of emitting neutrons which beam of 
slow neutrons contains also a radiation of larger 
speed, especially for the depicting of objects, 
which comprises producing the neutrons in sev 
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eral time intervals, carrying out the depicting 
of the intensity distribution by means of a neu 
tron image converter provided at a place at 
which the slow neutrons and the radiation of 
larger speed Owing to the intermittent operating 
of the Source of neutrons are spatially separated 
the one from the other by their difference in 
InOWing-time, Controlling the Service voltages of 
the neutron image converter so that this con 
verter depicts only during the time intervals in 
which no radiation of large speed pass through 
it and providing a diaphragm in the ray path 
of an optical system which produces a real or 
virtual image of a fluorescent screen in the path 
of emanation of an observation ray from the 
neutron image converter, which diaphragm is 
moved at the frequency of the neutron image 
converter, said diaphragm mechanically liber 
ating the observation ray only during the time 
in which the neutron image Converter is oper 
ating. 

7. Apparatus for depicting the intensity dis 
tribution in a beam of slow neutrons, especially 
for the depicting of objects, which comprises 
an ion Source; a neutron Source adapted to emit 
neutrons upon impingement thereon of ions from 
said ion source, a neutron image converter in 
operative alignment with Said neutron Source 
but spatially removed therefrom at a preselected 
distance of the order of a few meters, said neu 
tron image converter being adapted to be op 
erated intermittently; means for depicting an 
observation ray from sald neutron image con 
verter; and means for interrupting emission of 
neutrons from said neutron source whenever the 
neutron image converter is being operated and 
for interrupting operation of the neutron image 
converter whenever neutrons of undesired speed 
are passing through the same. 

8. Apparatus for depicting the intensity dis 
tribution in a beam of slow neutrons, especially 
for the depicting of objects, which comprises an 
ion source; a neutron source adapted to emit 
neutrons upon impingement thereon of ions from 
said ion source, a neutron image converter in 
operative alignment with said neutron source 
but spatially removed therefrom at a preselected 
distance of the Order of a few meters, said neu 
tron image converter being adapted to be op 
erated intermittently; means for depicting an 
observation ray from sald neutron image con 
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verter; and means for interrupting emission/of 
neutrons from said neutron Source Whenever the 
neutron image converter is being operated and 
for interrupting operation of the neutron image 
converter whenever neutrons of undesired speed 
are passing through the same, said last named 
means including means for intermittently de 
flecting a beam of ions passing from said ion 
source to Said neutron Source. 

9. Apparatus for depicting the intensity dis 
tribution in a beam of slow neutrons, especially 
for the depicting of objects, which comprises 
an ion source; a neutron Source adapted to emit 
neutrons upon impingement thereon of ions from 
Said i. source, a neutron image converter in 
operative alignment with said neutron source but 
spatially removed therefrom at a preselected dis 
tance of the order of a few meters, said neutron 
image converter being adapted to be operated 

' intermittently; means for depicting an observa 
tion ray from said neutron image converter; and 
means for interrupting emission of neutrons from , 
said neutron Source whenever the neutron image 
converter is being Operated and for interrupting 
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Coperator of the Neutron image coverter When 
eyer neutrons of undesired speed are passing 
through the Sarrie, said last named means in 
cluding means for intermittently roving said 
neutron Source out of range of a bearin of ions 
from Saidi iona Source. 
1. Apparatus for depicting the intensity dis 

tribution in a beam of slow neutrons, especially 
for the depicting of objects, which cornprises an 
ion Source; a neutron Source adapted to emit 
neutrons upon rapingement thereon of ions from 
Said on Source, , Reutror image Caraverter in 
operative alignment with said neutron source 
out spatially renoved therefron at a preselected 
distance of the Order of a few Eneters, said neu 
tror image converter being adapted to be oper 
ated intermittently; means for depicting an ob 

servation ray frona Said neutron iguage con 
verter said Gaeans including an optical system, in 
the ray path from the neutron image converter, 
for producing a visual image of the intensity dis 
tribution, a diaphragm in the ray path between 
saidi neutron image converter andi said optical 
systern and means for moving the diaphraga 
into and out of ray-dbstructing position at the 
frequency of operation of the neutron image 
Convertes; and means ifor interrupting enaission 
of neutrons from Said neutron Source whenever 
the neutron image converter is being operated 
and for interrupting operation of the Reutron. 
image converter whenever neutrons of unde 
sired speed are passing through the same. 
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