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LEO SZILARD , being duly sworn , deposes and 

says: 

I mn at present on leave of absence from the 

Clarendon Laboratory , Oxford , where I have been engaged 

in research work in the field of nuclear physics including 

induced radio-activity since 1935. ~ediately preceding 

that in 1934 I was orking in the same field as a guest 

of the Physics Department of St. Bartholomew' s Hospital , 

London , and also as a Research Associate or New York 

University , New York City. I am a Doctor of Philosophy 

in Physics of the University of Berlin. I was connected 

tor a number of years as PriTatdozent for Physics with 

the teaching staff of that university. 

en I filed the Bri tis·b provisional application 

on March 12, 1934 , it was known through the work of M. and 

Mme. Joliot that radio-active elements can be produced from 

natural elements by bombarding the natural element with 

alpha particles emi.tted from polonium - one of the natural 

radio-active elements. Also I should ~ention that the 

following passage is contained in an article which F. Joliot 

and I. Curie published in "Nature" for February 10, 1934: 
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" • •• These elements and similar ones may 
possibly be formed in different nuclear 
reactions ith other bombarding particl s : 
proton , deutrons , neutrons." 

Although th possibility t t some of t~e particles 

other than alpha particles might (or mi t not) produce radio 

activity as thus thrown open for discussion , th fact that 

neutrons can induce radio-activity in a natural 1 ment a 

ot publicly known until Professor Fermi announced his dis

covery in a letter dated .mrch 25 , 1934 published in Riceroa 

ocientifica , Vol. l , p . 283. eroi produced the neutrons 

with hioh he demonstrate d his dtscovery by bo barding 

beryllium with alpha particles from a radon ourc , one or 

the natural radio-active el ants. ermi' iscovery was 

considered to be of great scientific importance . 

Any scientific worker in any of the cient1fio labor 

atories which have access to natural rad1o-acti e el ents 

could have made this discovery and demonstrated it to others 

in a fe minutes if he had kno that neutrons induce radio-

activity and had realized that they ar so efficient in 

inducing radio-acti ity that even the ak neutron sources 

hich can be maintained by bombarding beryllium ith the 

alpha particle of a natural radio- active el ent are su~fic 

iently strong to give an effect easily observable in the 

laboratory. It may be that radio- activity i nduced by neutro 

would have been discovered long before Fermi if only physici 

had realized the efficiency of neutron for this purpose. I 

a physicist did not foresee that this prooess will be uch 

mor efficient than the production of radio- activity by 

alpha particles previously demonstrated by Joliot , he would 

not have atte pted to make the experiment with neutrons even 

if h had thought that neutrons might possibly produce radio 

ctivity . 

In vie of the fact that neutron sources which 

are maintained by bombarding berylli with alpha particles 
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from a natural radio-active element emit only very few 

neutrons in comparison with the number of alpha particles 

used, and since the activity is just nicely observable in 

the laboratory if these alpha particles directly produce 

radio-activity by the method of Joliet, one might think 

that the radio-activity produced by so much fewer neutrons 

will not be noticeable at all. Therefore it was an essen-

tial step to realize that neutrons when properly appl ied are 

much more effective than alpha particles in producing radio-

activity, so that their great effectiveness can be made to 

compensate or more than compensate for their relative 

scarcity. 

The reason for the greater effectiveness of the 

neutrons lies in the following: If a charged particle, like 

an alpha particle, is used for bombarding a target in order 

to produce radio-active elements from the natural elements 

contained in the target, only a very thin sheet or the 

target will be reached by the alpha particles, for these 

particles are stopped in a thin layer which corresponds to 

the range of these particles. The reason for the small 

range is the fact that the alpha particle ionizes the 

substance through which it passes and rapidly loses its 

energy. Neutrons, however, do not ionize and suffer no 

energy losses except through comparatively rare nuclear 

collisions. This is the reason why neutrons have a large 

mean free path, long range and are generally known to be 

a more penetrating radiation. By exposing the element to 

be made radio-active in a sheet which is sufficiently thick, 

advantage is taken of the fact that neutrons do not suffer 

any losses through ionization and therefore are not stopped 

by a thin layer. The production or radio-activity by neu-

trona can thus be made an efficient process. 

As pointed out in my patent application , in order 

to obtain good efficiency, the natural element should be 
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contained in a layer which surrounds the source of neutrons 

and the thickness of the layer should be sufficient to take 

advantage of the great penetrating power of the neutrons. 

Also, industrial significance is only obtained +f the 

neutrons are produced by electrical disch rge using elec

trical ener y and thereby converting electrical energy 

into gradually released nuclear energy. As to the thick

ness of the layer which is required, it is obvious from 

my patent specification that since the neutrons are a pene-

trating radiation, the efficiency will increase with in-
when 

creasing thickness of the layer. At the time ~Aat I filed 

my provisional application on March 12, 1934, the order of 

magnitude of the mean free path of the neutrons was already 

known from experiments in which the neutrons are scattered 

and in which the scattering cross-section of the elements 

is determined. It i obvious that if the thickness of the 

layer is small compared with the mean free path only few 

neutrons will collide with a nucleus within the layer 

and the efficiency will be small. 

It was kno~ before my filing date, March 12, 1934 , 

thet neutrons can produce nuclear disintegrations, that is 

that neutrons can disrupt a nucleus. In experiments in 

which this has been demonstrated gases have been bombarded 

by neutrons in the Wilson cloud chamber, and the disruption 

of individual nuclei was observed rather than any proper

ties of the disintegration products. It might be that acci

dentally radio-active elements were produced in these experi 

menta f r om natural elements by neutron bombardment, but , if 

so, they necessarily escaped detention, the experimental 

setup not being devised for the purpose or their detection. 

The neutrons were produced by bombarding beryllium with 

alpha particles tor a natural radio-active element and not 

by means or electrical power, and the requirements for an 
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efficient and industrially significant production of radio

active elements by neutron bombardment were not met in 

these experiments. Ho ever obvious these requirements which 

are set out in my patent specification may be considered 

to be if one kno Ts th t neutrons do produce radio-active 

elements from natural elements, it is unlikely that these 

requirements were met without this knowledge in these 

earlier experiments which were directed to observation of 

individual disintegration processes and not towards the 

observation of artificial radio-activity. There is no 

disclosure in any of the publications that they were met. 

As to the question whether every natural elanent 

can be transformed by neutrons into a radio-active element, 

I wish to state the following: It a sample of a natural 

element is used in the for.m in which it has chemically been 

aaolated from some compound found in nature, this sample is 

composed of a number ot isotopes of different mass number 

but the same atomic charge. If such a sample is bombarded 

with neutrons on the basis of at present generally accepted 

views, the following argument can be put forward in favor 

of the view that a radio-active element is produced from 

it which is isotopic with the natural element. It can be 

argued that, according to these views, such a sample con

tains as a rule all stable isotopes of the elements. Accord

ing to this view, isotopes of a given element which have a 

larger mass number than the heaviest isotope in tb sample 

are unstable, i.e. radio-activti, and that instability is 

the reason for their absence. (It is equally true that the 

isotopes of smaller mass number than the lightest isotope in 

t be sample are unstable and therefore radio-active, but 

these isotopes are not produced by slow neutrons such as 

neutrons produced rrom an X-ray-beryllium source. Neutrons 

from such a source produce radio-actiTity by neutron 
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capture.) It this view is correct, then any natural 

element ought to become radio-active through capturing a 

neutron. This can be concluded in the following way: 

Let us consider the heaviest isotope of given. element. 

If that isotope captures a nentron a ne element is pro-

duced which is isotopic with the element from which it was 

produced but has a mass number larger than the mass number 

of thehheaviest isotope or the element. Accordingly the 

new element cannot be a stable isotope of the old element 

but must be an unstable and therefore radio-active isotope. 

I should add that the half life time of such a radio-active 

isotope might be large , in whi ch case it might escape 

detection if looked for after a short neutron bombardment. 

Vhile these theoretical deductions may not be sufficiently 
exclude 

well rounded for us to ~QA~~~· with certainty that certain 

elements for reasons unknown might refuse to capture a 

neutron , it is a well-established experimental tact that 

many elements capture neutrons and that, if an element is 

irradiated by neutrons, the production or a radio-active 

element is the rule rather than the exception. 

Subscribed and s orn to before me 
this 18th day of October, 1938. 

Madeline Sigward 
otary Public 

NO'l'A:RY PUBLIC, QueensCcunlr 
Quee-.L.~ '":0·..-.tt:y ClP..r';'s no. 1.873 

Ot: ~;:: ,.· .-·; 1' .. ~.-~.: • • .. ~~.e'i;~ Nc '185 
C:c:!::li·.x · J•1.! · 1 ··•=w ~ork O.lt.lllty 

N--w Y r'{ .v. {~krk's No. 3"/d 
New Vork :0. P -g.:;rer's l:·fo. 0 3 2ltl3 
Cotr.ml d vu exp'.res March ill, 1940 
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'l'H U rr ST T 

Applicant: LEO SZILARD . ) 
) 

erial Uo: 10 , 500 ) 
) 

Filed: .1aroh 11, 1935 ) 
) 

D1v . 56. om 4725. ) 

Hon. Conn1ssioner ot Patents , 

ashington, D. C. 

Sir , 

pparatus for 1uclear 

Transmut tion. 

In response to t Offici al ot1on of 2Bth 1srch 1936, 

ple se amend this Application by cancelling th whole of the 

desor ptive portion of the .Jpeoifioation and all the ol i ms 

and substitute the following description and n olait:ls 24 t o 51~ 

This invention concerns methods and apparatu for the 

generation of radio- aoti ve bodi es . 

ocording to my invention radio- ctive lemcnts may be 

produced fr . light nd he vy element hen such elanen ts a r e 

sUbjected to the effect of a neutron bombardment . ~uch 

neutron bombardment may be effected by causing ace 1 rated 

heavy hydro gen (diplogen) toms or nuolei to collide with 

diplogen or othe ... · light eleme nts . 

Other features of the invention will pp ar in the 

detailed description ref rring to the drawings which now 

fo l lows , nd will be more particularly pointed out in the 

claims. 

In the dr ings , 

'igure 1 re r sen ts a sectional elevation of' an app re.tus 

for carrying out the invention, 
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Figur 2 ows more constructional lay-out of the 

ap")ara tus at Fi ure 1, 

Figure 3 indicate diagrammaticallY the o1rou1t 

arrang ant of modified apparatus for the perronnance of the 

invention, 

Fisure 4 is a more detailed view corresponding to 

Figure 3, 

l!,igure 5 sho s the c1rou1t rrange nents for further 

modified apparatus and, 

Figure 6 is a sectional vie of app r tus intonded to 

co-operat e With that shown in Figure 5 . 

Referring first to Figu~e l of the drawin~, 11 is an 

electrical discharge tub adapted to project a beam 12 of 

fast diplogen ions. The tube 11 is fi l led with d ipl en 

and an anode A and o thode re provided for connection to 

a source of high volta . e . The diplogen ions are thus 

projected at h i ~ speed and pa s through the cathode B. 

The ions fall on a substance 13 in a sealed container 1 • 
The substance 13 consists, ror instance, of gaseous diplogen . 

or a d1p1ogen compound or 11 thiur: • The oollis lon of the f st 

diplogen ions ~1th the substance 13 causes transmutation, i . e . 

a nuclea reaction of the d1p1ogen ion i th an a tom of the 

target . he substance 13 is surround d by a thick layer 14 

containing the ol .ant or su bstance. which it is desired to 

transmute 1nto a radio-active e1 1ent or substan e . In order 

to have a h ·h efficiency, the thickness of the layer 14 has 

to be sufficiently great, compare d 1 th the mean free p th 

of the neutron , to prevent escape of any or the neutrons . 

Figure 2 shows in more detail the electrical disoh rge 

tube 11 referr ed to in F ur 1 . The tube esaenti lly consists 
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ot a m in portion 16 serving to accelerate the diplogen ions 

and an uxiliar7 tube 11T tor initiating the flow. llA is 

the anod and 15 the cathode of the auxiliary tub , diplosen 

being admitt d thereto through the inlet 13B and being pumped 

away through th outlet 14A. The flow 1n1 ti a ted by the 

aux111 ry tube is aooelerated by passage through the main 

tube 16 bich is maintained eXhausted by auction outlets 141 

2 
and 14 , and ich has high potential gr dient, there being 

o. million volt potential differ nee between the ends of the 

tube. 'l'he accelerated d1plogen ions emerge through the neok 

143 of the tube 16 and collide with the substa e 13 as 

described with r efe r nee to 1 ure 1 of the drawings . 

If the substance 13 is a light elema-tt for instance 

diplogen, or lithium, then the bombardment by the accelerated 

diplogon ions results in mission of unoharge · particles of 

mass or the order of magnitude of the mass of a proton. 

Suoh uncharged nuclei i . e . neutrons, penetrate even substances 

containing the heavier ele~enta without ionisat ion losses, 

an will oause the for.m tion of re.dio-aoti ve substances in the 

layer 14 exposed to them. It is to be observed that by the 

method so far described. t 1e ionisation losses on collision 

or the diplcgen nuole1 with light nuclei are comparatively 

small du to the orbited electrons of light elements and 

also that the substance to be mad · radio-aotive is irradiated 

with neutrons i . e . uncharged nucl 1, which pass through eTen 

heavy el ents without ionising th • The substance 14 

exposed t r treatment by the neutron radiation maY be in the 

form of an org io mate ial tor the purpose of carrying out 

separation of the generated radio-active part, as described 

more fully hereinafter. 



b:e method i'or the produotii'Jn of neutrons just des c r ibed 

consi:Jts assenti lly of d1 chnr 1ng particles through rna tter 

hioh 1 at rest . d1p1on (a diplogen nucleu ) shot into 

dipl)gcn t rest 11 in large proportion ot c· s s lose 

it ener by io~1sing the d1plogen and oaus no tr nsmutation . 

In t foll ing I sh"1 ll desorib .net d by bich a gr at 

concentration of energy is pro duoed in body of diplogen 

or othe r light el ement or elements, the energy concentration 

being such ns to cause the nuclei in the body of subst o to 

collide with one another. Und r these cond it ions , ich need 

be maintained only momentarily, neutron r diation is produced 

and can be used tor the treatment of an ele.i. nt · to r der it 

radio-ac t1 ve . 

pparatus fo r this purpose is illustrated in Fi oure 3t 

52 being an electric condenser which is fed through inductive 

ebok 53 and 5 • :from high potau ti 1 supply. On side o r 

the condenser is oont.eeted to a spar k gap device 51 vmioh 1s 

in turn connected with th cathode 42 ot a disoharge tube 41. 

In l! igure 4 this discharge tube 41 is shown on a larger 

sc e, the eleotr1 oal arr·ange.ment for operat ing the tub 

being the e as shown in '1gure 3 . e dtsoh rge t ub · is 

t'or:rmd as cathode ray tube. ther being the c thod 42 and 

an anode connection 4 2.i. , to allo the spheric l shell 42B 

onto Which the ~1be 41 conne cts, to act s the node . The 

d of the tube 41 is sealed ott at ~ 4J by me n of thin 

1 eto.llio indo • t t he centre 01 tP pherical s 11 42B 

is a spheric cont iner 44 filled ~h plo ,on . lS 

in oated in the drawings mor th n one of the c~thode r 

tubes 41 y be mounted radially upon the s pherical shel l 4 • 
so that the ergent corpuscular rays from the aid onthode ray 



tubes focus upon the oontainer 44. In operation a high 

potential is sup lied to the c onclcnser 52 th ough the chokes 

53 and 54, and hen such potent 1 re ohe predetermined 

critical value the oondens r discharges and causes a spark 

to pass between the poles of the spark gap deVice 51 . The 

cathode ray tube or tube s 4l are thereby energized and 

corpueoular cathode rays are produced. These rays serve 

as heating rays and oa.use the diplogen oontaine in the 

container 44 to h ve its energy contents raised up to a very 

high v lue for a short period . Such energy concentration 

duces interaction of the diplogen nuclei With the consequent 

formation of ne~ron rays . 

a thode r ys have been suggested to p rform the heating 

or energy concentrating action referred to above, but it 

111 be understood that protons or heavier ions might 

instead be used . urthermore , the container 4•1 mig t be 

. filled w1 th diplogen alone or 11 thi hydrid , or other 

compounds of hydrogen and lithi ., or other compound of 

hydrogen or diplogen with a third light element . The 

oontainer 4 enoloses the tr nsmutation spac trom which the 

neutron rays emerge and by surrou ding the space ith subs t nCEB 

to be treated tor the purposes of making th radio- active . 

sooh substances r~ y be bombarde ith neutrons in the same 

ay as ~ s described with reference to .li'igures l nd 2 of 

the drawings • 

xeutron radiation may also be produced by the act ion 

of - rays upon an el cnt having a dissooi ble neutron at the 

prevailing voltage, c.: nd appnr tus for carrying out this 

process 111 no be described with referei oe to E'1 r 5 of 

the drawings . 
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In F ure 5, l is the pr .liJJ7 of a tran.sfo or, the 

sea ndary a of which 1s connected to the junctions 3 and 4 . 

mhe junot1on 3 is oonneot d to the oa thode 8 ~f the 

r~ctifiar tube 5 an to tbe n de 7 of the rectifier tube e. 
The junction 4 is connected· to the cathode 9 of the rectifier 

tube 10 and to the ode 11 o1..: the rectifi r tube 12. The 

cathodes 13 nd 14 are connected to aoh other and to earth . 

The anodes 15 and 16 are connected at 17, a d from thi 

point are connect d to the pole 10 of the impul e genera or 

20, the · pole l <J of wh ich 1.s connected to eartll . The impulse 

generator 20 is built or condensers 21, roaistance 22 and 

spark- ~P devices 23. 

1~e pulse generator and rectifying it shortly 

dasc : 1bed ~bove, ara known c :ponents adapted to g1ve 

extremely h · h voltage for a fraction of a second . . ith such 

a system V0ltages up to 3 million volta have been obtained. 

The negative side of' the -pulse generator is conn ct d to a 

spark gap deVice · 5, rlltic h in turn is connected th the 

oa tb de ~6 of the discharge tube 24. The latter is bu ·1t 

up f:J:"om rings 24A of hioh onl a few are sho n in the dra ting . 

It will, ho veve_,. be under a tood that the rings are continuous 

to enclose a sp oe 1ch 1 hausted through the outlet 24B . 

1fhe nnode 2.'1 of' the tube is conneote to earth and is f'o 1 ed 

by a metallic indo'' . A body of material 28 is arranged t 

the external ide of the indow 27 . 

fuen the pulse genera tor operates to produce discharge 

between the cathode 26 and anode 27 of the tube 24, f'a t 

electrons penetrate the anode 27 and ~pinge upon th bo~ 28. 

1,he la tt r when formed of Bi or Pb or somoother h vy elanent , 
I 

acts as n anti-cathode o.nd hard - rays are pro<luoed • 
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In Figure 6 ot the drawings there 1$ shown the lower 

portion of the discharge tube 24 with a device therebeneath 

tor utilising the hard X-raye capable of be 1ng produced W1 th 

the aid o'f the fast eleotr'Ons emerging through th abode 2P/ 

of the tube 24. The dev1oe consists of a block 34 of the 

element whioh 1$ to be made rad1o-aet1ve, a blook 32 of an 

element with a dissociable neutron, being looa ted therein. 

An aperture is folmed in both the bloeks 32 and 34 to allow 

entry ot the rays f'rom the tube 24 above . The blocks 32 and 

34 .are also arranged to aooomrnodate a wheel 30 and axle 35 . 

'fhe wheel 50 at its periphery earr1es· a covering of tungsten 

o·r lead 31. The covering .' 1 acts as. an anti-cathode axil is 

oQoled W1 th water introduced t:Uong the bearing for the axle 

55. 'I'he block 34 may be in the toun of a cube having a length 

at side of 50 ·cma . , whilst the block 32 can also be' ot cube 

form with -a siee ot 25 ems . For the sake ot ex ple the 

bloak 34 may be formed of iodine or arsen1o or othel' na teral 

which lends itself t o be i ng u1.a de ra.dto-aotive . The block 32 

may be of metallic beryllil.Ull. In order that an isotopic 

separation as desQri bed hereinafter may be performed after 

irradiation the material of the block 34 may be in the fonn of 

an organic OCIUpound . A voltage of :5 million volts may be 

used for the dis charge tube and in operation the wheel 3V is 

rotated so that electrons passing through the anode 27 of 

the tube 24 hit the rotating anti-cathode covering 31. ~hen 

the fast electrons s·t rike the a n ti.-ce.thocle; hard X-ra.ys are 

prodooed which penetrate the beryllium block 32 and cause 

neutrons to be released there from, which neutrons then aet 

upon the blook 34. 



It may be tba t fast electrons an'i hard X- rays have a 

similar effect upon beryllium and one may therefOre ooat$llpla. te 

the making ot the QGvering 31 of the wheel 50 from beryllium, 

the ber.Yllium block 32 th&n being dlspenaed with, so that 

the neutrons r .eleased direotly from the beryllium anti• 

cathode may enter and ct upon the blook 34. 

It 1& tound that when var ious elements are irradiated 

with neutrons by the process described above, praot1oally 

all elements which become radio•active transmute into their 

own radio-aotive isotopes, and it becomes difficult to 

separate these radio-aoti~e isotopes from the r a1ning 

por t1on of the element unaffecte In order to achieve 

separation of th · radio-aotive element from the non-radio

active part thereof the following process may be adopted. 

This process is based on the fact that 11' a compound of an 

element is irradiated by neutrons, and if an atom of the 

element transmutes into the rad1o-aotive isotope, then this 

atom is fre-ed from the· compound, In nocordanoe with the 

process, a compound of the el·· ent it is desired to make 

radio • a e)t1ve 1s chosen uch tl'lat the freed radio-active 

isotope of the element will not interchange with the combined 

ato.ms ot the element within the eompound, ereby the freed 

isotope may be ohe ically separated from th irradiated 

compound- Very often the element whose radio-active isotope 

is "to be isolated, can be oonveni ently irradiated in the form 

of a compound in which 1 t is bound to carbon. Thus in the oase 

ot iodine compounds such as iodoform or ethyl iodide, the 

radio-active iodine i e otope may be chemically separated off 

from the original iodine compouud in the form ot free iodine. 
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In order to protect the r dio-act i ve iodine isotop ·nall 

amount of nor~ul iodine may be d1 solved in th organic 

iodtne compound bef re irr diation pr after irr di tion but 

befo r separation . 

·h t claim and desire to ecure by Letters Patent 

of the United States is:-

C A I M S 

24. method of ge ration of r dio- active sub t noes , 

c pr1sing the steps of producing a. n utron radia t1on and 

subjecting the subs tar oe 1P be de radio-active to such 

radiation. 

25 • A method of generation of radio-aoti ve substai es 

comprising the steps of projeoting fast ions of an el ent 

into a quantity or an olement at rest to produce neutron 

~ diation , and subjecting the substance to be made rar io

otiv to such radiation. 

26. A .method of generation of radio-aotive subs 1oes 

comprising the steps of projecting fast ions of light 

el em nt into a quantitY of a light element at rest th reby 

to produce neutz~n radiation , and subjecting the substance 

to be made radio- active to said radiation. 

27 . method of generation of r dioact1ve subst noes 

comprising the steps of accelerating d1plogen 1ons in th 

rorm of positive rays, causing such rays to rall upon light 

el nts therebY to produoe neutron rad· tion, nd causing 

such neutron radiation to fall upon the substano to be 

made radio-active . 



28; A method Of generation Of radio~aotive substances 

oOOiprising accelerating diplogen ions 1n the !'otm f _positive 

rays , causing such· rays to fall upon diplogen thereby to 

produce neutl:on radiation, nd oaus ing such neutron radiation 

to fa l l upon the substance to be made radio-active. 

29 . 11. method of generation of radio-active substances 

compris i ng the steps of ene:rgising to a ver y great extent 

a quantity of an ele.men t to o use the nuclei thereof to 

collide and there by to produce neutron radi tion, and 

subjecting the substance t3 be made radio-active to such 

neutron radi ation. 

30. A method of g eneration of rad1o.-a.c t1 ve substances 

eamprising the steps of generating heating rays of great 

intensity, subjeeting a quantity of a light el 001en t to the 

action of said rays the r eby to produce neutron radiation 

:fTOl'll s:aid light elemen t, and allowing such neutron 

ratUat ion to tall upon the substance to be made radio• aotive . 

31 , A method o:r generation of radio•ac t i ve subst oea 

compris i ng the steps of generating cathode rays of great 

intensity, s ubjecting a quantity of an element to the action 

of said r ays thereby to produce neutron l:adiation from said 

elerneo t and allowing sueh neutron radiation to fall upon the 

substance to be made ;rad1o-a.cti ve.. 

32~ A method of generation of radio-a.oti ve substances 

compris i ng the steps ·of producing a fast electron stream, 

directing suoh st r-eam to fall upon an anti-oathode of 

beryllium thereby to produce neutron Iadiation, and 

subjecting to said neutron radia t ion t h e substance whioh is 

to be made radio-active . 



3-3. A method of generation ot radio-active substa es 

oomprising the steps Gf producing a fa.sit electron streara, 

directing such .stream to fall upon an ant1•oathode to 

produce hard rays , allowtng such x-rays to fall upon a 

body of an clement h Ving a dissociable neutron thereby 

to produce neuti·on r adiation theref'rOJD., and subjecting the 

substance to be mide radj.o - act1'\f'e to said neutMn radiation . 

34. A method of generation of radio-active substances 

oo •npris1ng the steps of pro due ing a tast electron stream, 

direoting such stream to fall upon an anti-cathode to 

produce hard X-rays, allowing such - rays to fall upon a body 

of beryllium thereby to produce neutron r adiation therefrom, 

and s ubJ ecting the substance te» be m.H.de radio-active. to said 

neutron radiation. 

35. Appara t us for the generation of radio-active 

materials oompris ing a target ')f a substance; means f or 

causing the latter to undergo a nuclear transmut ation process 

t hereby to produce neutron radiation~ and a body of t he 

material which is to be made rad1o-ac ti ve ~ooated to intercept 

said neutron radiation, 

36 . App ratus ror the generation of radio-aottve 

materials comprising a target of a substance, means for 

producing and a c celerating positive ions of a light elemen t 

said means be i ng arranged to project said ions onto the 

target, ana a body of the ma ter1 l which is to be made radio• 

aoti ve, loc t ed adjacetl t sai d target to intercept the neut ron 

l'~Mi1at1on tbere:from. 

37. Appar atus for the genera t1on o:r radio- o ti ve rna t.eriala 

comprisi ng a cP ta1ner f or a body of diplogen ., at least one 

positive ray tube mounted to emit positive rays into a id 

-11-



container said tube containing diplogen , and a body of 

ubst ce to be r.ande r dio- ct1v loo tecl dja.oent said 

cant iner to int ercept the neutron diation therefroru. 

38. ppar t for the gener t ton of radio-ao t ve 

teri ls c a npri. i ng container for body of diplogen, at 

least o positive ray tube containing diplogen, means for 

aooelera t ing t he rays from sai d tUbe sai d means being mounted 

to direct t r. e accel erated r ys into the oontatner, and 

body of substance to be made radio-aoti v located adj cent 

said container to intercept the utron radiation therefrom. 

39. pparat s for th gene ration of rad1o-aot1ve 

materials c anpris ing a targe of a subs tano e, mean for 

projecting onto s id target corpuscular heating ray of 

great intensity, and a body of the substance hieh is to be 

made radio- otive located adj cent said target to intercept 

the neutron :radiation therefrom. 

4 • Apparatu s for the g eneration of dio - a.cti ve 

materials comprising a oont~iner dapted to be filled with at 

1e st one light element , and at least one cathode ray t ube 

dapted for hi~ disoharg for short pe r iods, s id tube 

being mounte.d to project cathode rays into said container, 

and a body of material which 1s to be made r d1o- ctive 

located adj oen t said cont iner to intercept the neutron 

radiation therefrom. 

41 , Apparatus for the generation of r dio- a.ct1ve 

materials oanprising a contain r adapted to be filled W1 th at 

lo st one light element , a cathode ray tube rr ged to 

direct ys into s id cont ai ner a c ircuit through said tube 

i ncluding a condenser and a spark gan dev1oe, l eads to either 

side of said ondenser, inductances functioning as chokes in 

said leads, a source of high volt ag e supply connected to s id 

leads, and a body of them terial to be r. de r a di o-ao v1Ve 

-12-



located adjacent said container to intercept the neutron 

:radiation therefrom. 

ppa rat for tht: gene ration of radio-aoti ve 

materi ls comprising means for producing a fas t electron 

stream, an ant i ... cathode for intercepting such stream to 

produce hard X- rays, a body of an elemen t having a 

dissociable neutron arranged to tilncounter the hard X-rays 

and a body of the material to be made radi o-a o ti.ve looated 

adjao t said eleme.n tal body to intercept the neutron 

radiation therefmm, 

43 . Apparatus for the generation or radio-active 

materials compris i ng means for producing a fast electron 

stream, an anti - cathode for intercepting such stream to 

p-rod .... .oe hard r - rays' a beryllill.In block arranged to encounter . 
the bard .X- rays and a. body of the ma ter1al to be made r adio• 

a c tive located a dj acen t said bloc ,;r to inter _ept the neutron 

radiation th•refrom .. 

44. Apparatus for the generation of rad1o- a.ct1ve 

substances comprising impulse gen rator, a disoharge tube 

eonneo ted in o1roui t with said 1m Jul.se generator device, 

said tube being a rranged to produilEl a fast cathode stream, 

an anti - cathode of a heavy element containing substance 

ar:ranged to interoept the oa thode stream t produce hard 

X- rays, ·a bloc~ of a n element having a dissociable neutron 

positioned to be irradiated by the hard - rays , and a body 

of substance to be de radio-active located adjac t th 

said bloC'' to intercept the neutron raYs therefrom. 

45. Appar tus for ·the ene ration of rad1o-aot1 ve 

substa.wea compris i ng an L ulse gene rator, a dis charge tube 

connected in oixcu.i t With said 1 p se g en rator daviee, said 
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tube being arranged to roduoe a fast cathode stream, an 

anti-cathode of a heavy el ent containing sub tance arranged 

to intercept the cathode stream to produce hard X- r ys , a 

beryllium block positioned to be irradiated by the hard -r ys, 

and a body of substance to be made r die-active located 

adjacent the beryllium block to intercept the tron r ys 

theretrom. 

46. p a ratus :for the genera t ion of radio- active 

substances comprising an 1In"Ulse generator , a spark gap 

device OO'n. ... , ected in circuit with said 11rpulse gen rator, 

a disch r ge tube co nnected in circuit with the impulse 

generator and spark gap device , said tube being a rranged to 

produce a fast cathode stre~n, an anti•oathode of a he vy 

element arranged on the periphery or a wheel, mc> ans for 

rotating the wheel and for int roducing cooling medium thereto , 

s id vhe 1 being located o that a portion of its periphery 

intercepts said cathode ray stre to produce hard -rays, 

a beryllium block positioned to be irradiated by the har d 

X- ra j s , and a body of substance to be ma de radio- active 

loc ted adjaoen t the beryllium blook to intercept the neutron 

rays therefrom. 

47 . A method of generating a r o.1o- otive el nt from 

elements hich transmute in th process into their own rad1o-

otive isotopes, consisting in irr dia.ting a. contpound of the 

element whiot,l compound 111 not in terohange the oombined 

a to of the elel ent for the 1sotopio atoms of the same 

element f'rea:l from th o cmpound in th prooeea. 

48. method of generating a r t 'o-a.otiv le.ment 

from eleiaents which transmute in t process into their wn 

r dio-act1ve iso topes, consisting in irradiating with neutrons 
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io.na are .. thus projected at i~.b s· eed r·n s through th 

Ph The. 1o 8 r ll on .a 8Ub<Jt.ano 13 in ~l ealed 

oonta1 or 13 • 'l"n aubstanoe 13 eonsist , tor 2nstan.oe, ot 

8 seoue 1plogon, or a d1-plogen oompound 01~ lithium. ~rhe 

collision or t ~ feat ,11_ loJ~r an ton ·ith tho nu stance 13 

-".1~ "l-B trans.:tu.t ion, i . e. a nuole r r otion or the 

di l gen ion wi tb an atom of the tar~et . ~~a u tune 13 

is surroun~od oy a thick 1 er 14 eontatni tho lcment 

or auo• td:nce whioh it 18 d.e ired to trans . ute into radio .. 

notive element or substw1c • In order to ha e n hi 

ef!"'io 1enoy • the thickness o1.' the layer 14 las to be 

uu!'fic iently roat. c pered ith th-e 1 een free e.th of the 

n utron. to prevent esoapo ot ~ny or the neutrons. 

· 1gur~ ~shows 1 more dot 11 the eleevr ol discha• e 

tub 11 l .. eter:rod. to 1n F:lgu.r 1. The tube e sent lally 

consi ts of & mcin portion 16 servi '-iO ace lett te the 

d ipl:: .~n ons 1:1n"' dl e. iliary tub ll T for 1n1 t iating 

the flo u. 11..1 is th· nnode and 15 the cathode of the 

aux 11 ry tllbe, di~l ·)gen being &idm1ttod thereto through 

tbe inlst 139 find bei pum ed away throuu,h the outlet l A. 

The flow 1n1t1a t.ed by the aux111.ary tube is . oo 1 r ted 

by pu.:.sage thro·~ ~ the main tt(be 16 iihich 19 . · int ined 

eXh U5t d by suct ion outlet$ 141 ~nd 14 • nd w 1oh ha 

high potential . r diemt , tll re being a .mif11.on v lt yotantie.J. 

d1tter n.ce bet e n tlhe ends of the tub • Tu,. aooeler ted 

~ 1plo n io ont :rae through v e neok 1•3 ·or ·the tu'b 16 

nd oolliJe ith Iilla substance lJ as d scritHK with 

r ferenca to Fi ur 1 or tne rawings . 
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The heel Qo it ~r· lery Carries r COV(rin~ f t ungst n 

or le·.d vl . The cov. rin · 3 ·ct. £> a.n ·~ntl-c· thode nr 1 

cool·!· it.t :at r lntr aucu· 'onJ l:e b ring for- tho xlo 

65 . l'hr:2 lOCt\ .!i m ~ be in th for"' O.f ·· CUb'J . r vin_: . 1· ngth 

of i e f 5r ems ., vl . 1 t th loc 5' c n e of cu e 

ror"'' 'r 
. .,t: si<: of 5 c·-: ft'o .r 

. 
t..:X lt;l . tr~.e .... • . 

b- oc \. ~4 m! b , for ,,e! of io 1nj ·r~·:nic r (, hur tu~·i 1 .... 

hi ·h end ito .'Cl IJ in; nt -· r JL-· c ivc . .1 .• lo 'I'. ..., 

ID.'J b .. 0 I t. .... Uc bery l_ • • n orrh.r t.t '1 t ... l if t ) ic 

se:ur· Jio d ,.; .,c ,.t be 1 te.:-•Lr fte.' 'Pf r tJ ft r 

1r tion trL ~ teri ~.l of tn block ,_/;. m· y bo · n t. "' · c:t. of 

.. n org 1L.. compoun • 

us .d for t 1 isc .. r 

rot te ~o t ~t el~c 

proou" •d ·hich .)·n.tr; tR tl:e ~r:r11.iur bloe n! c.u e 

neutron .. to be r'.l ea.~e· ~lw '£fr .m, ·h ch n utro ;;. tL· n · ct 

u ."- n t .e b octc 4 . 

It m· y be tL t f r-t cl c rc .s ·u h· r X-r'1. , v 

e 

t ~ m.kin!l 0 t .:: c >vorin 1 o~" tlO ~he 1 Z-v rom b r1 1 : iu , 
tht:J b-rJlliu · bloc. .. )~ th\ .. n IJ l ti1 , 0 tn 

the n~ tron r elw s d c:'iract J :ro.-; th ) r· iu ·nt -c LO e 

rnuy ent !r ,n, act unon t e bloc 64 . 

It is foun.. r: t 1h m v··ri u e ment: t i ·~ 

' i th neutr n.1 !'OCC, 13 crP .d a'ov , >r ctlc lly 

J nt hei r 

o .n r 

s . '-tl' . ·~,. th • i oto .. , fr.m t he 

10 tion of t h ~1 ~ ent un· f ~t-. In ur ·r to .c ,ievo 

s .r t ion 0 t he r f l o- c t i v1 .l ant from t c non- r 
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':: Ctive ,?o.rt tht•.r·pof the fol.lo· ing :)roce _r: ma y be . o-:>t r~ ~ 1 . 

This proce s is ba ~Ld on the f t Ct t h~.:. t if ' com ounn o f · .n 

element is irr~dl ~ ted by ~utrons, and if n a tom of the 

e~cmcnt tr ns ut~ s into the r:Jio- ~ ctiv i~oto .,· th~n this 

om 1 s fr e ~d f r m t .h.:; com;:>o und . In ~ ccor~. lCe i th the 

/I}rptes"' , r. com )ound of the element it is es·rH tom: ~e 

r u~ lu~· c iv ~ is closen such th~t th~ frc~d ra-~v- .ctive 

isDto~~ of tne el ent ~i ll not lnt~rcn~ng 1 t the 

combined ate s of t he element ' 1 th.:n thP com oun , horeby the 

freed isoto tw m_y e c hemic · lly ~' ~ r r <:.t t ·d from t h•:. irr di•; t ed 

comooun'i . Ve r y often t h elcn:ent ·ho "'' r di o- ~ cti V P L,otope 

is to be i olated, c n be conv_ni~ntly irr~di a ted i n thb form 

of com ounr'l in '•hlch it ic: boun r to carbon. Thu. in the 

case of iodin .. com Jounds ~uch as iodofor or e hyl iodide , 

the r tdio- ·ctlve io 1inc sotope m3y be chemic ly sep r t ed 

off from the orig n 1 io'lin :::• com. ound in h for ()f "'rce 

iodine. In cr e r to rotoct t he radio- ~ctive 1 dine iso o e 

a small . mount of norm: 1 lo>1in~ may be ta <= ~o 1 ved in t h org nlc 

iodine c:om_ ound befo re i.rrc i< t ion or aft er irr d l r tion but 

beforG separnti on . 
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